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Understanding Plant Life: A Perspective From Plant Isoprenoid
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Model plant : understanding biological system for future perspective on
both fundamental science and biotechnology

Easy to grow

Small size : no large space, easy
maintenace

Short life cycle : 6-8 weeks

Lot of seed production (up to 10,000
seeds per plant)

Self-fertilize ability

Small genome size : 25,700 genes

Arabidopsis thaliana

© 207 maicen Sty o gy

Model plant : understanding biological system for future perspective on
both fundamental science and biotechnology

Easy to grow

Small size (dwarf) : 10-20 cm height
Short life cycle : 70-90 d after sowing
Small genome size : 950 Mb

Plant physiology: Same functions, more
broadly distributed

Nutrients are
transported from
cell to cell and

Perveption (of light, pathogens
ete.) accurs through receptors
and other sensors found in most

Gas exchange tokes  Energy assimilation
plice through takes place throughout
thousands of stomata  photosynthatic tissucs

2027 e iy ot P B

Model plant : understanding biological system for future perspective on
both fundamental science and biotechnology

Arabidopsis thaliana

© 2002 e Sodey & P toghs

Secondary metabolites

> 15-25 % of plant genes encode for proteins
and enzymes necessary for the synthesis of
secondary metabolites

k

o

Py
» Isoprenoids (55%) : > 35,000 compounds Q i

Tsoprencids
(55 %)

* Phytohormones
* Pollination attractors & seed dispersal agents
* Protein posttransiational medification

(Croteay et al, 2000)
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_ Terpenoids = isoprenoids : organic compounds produced by plants, which
derived from isoprene
The most diverse groups of natural products - Wide application in industries : HAC CH
- Perfumeries g Y -
Google  isoprenoids B - Pharmaceuticals e
- Flavouring agents HC H
Al imeges  Videos News Maps  Books - Plant defense compounds
— - Anti-microbial agents
T
» Many of them are associated with PM :
Google  tepenciss et - Phytol side chain of chlorophyll
- Plant hormones
Al imsges  Videos  Mews  Books  Mems - Carotenoid pigments
ST ——

+ The oldest known of biomolecules

. . . Hopanoids (triterpenoid-asscodiated membrane) have been recovered from
Commercially important sadpideMs =25 b?llian years

Terpenoids = isoprenoids Plant Isoprenocids Biosynthesis & Compartmentation

» Build up of Cy isoprene units (o)
Carbon atoms | Name Parent isoprenoid
10 Monoterpenoids GPP DMAPP g 1P oo
.
15 Sesquiterpenoids FPP
20 Diterpenolds GGPP T SRS
0 N i
40 Tetraterpenoids Phytoene
>40 Polyterpenoids GGPP + (Cy), o Mt
v
PovTERPENES
+ They are synthesized ubiquitously in eubacteria, archaebacteria NAPATINAY ) — 198 - - UBIGUNONE v ¥
ey syl q ) 8 2 2
eukaryotes ApocaROTENIOS wesRELLNG
(Boavier st al,, 2005)

Food Security 22

1. Food safety : conditions that
preserve the quality of food,
to prevent contamination
2. - Amount of f00d § Yerers of tes 2
PR Access to food ?

Plant Isoprenoids and food security......

“all people, at all times, have
both physical and economic
access to sufficient, safe and
nutritious food to maintain a

healthy and active life”

- World Health Organization
(WHO, 2013)
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> World Population is now getting
worse
> Food demand 2?

« We are uncertain of the exact
number of the population’s need »

Vo o aicn e weven Sion, movey 5 8. hon
o I & Tt 00310 Clesse SCron T3 0 SR,

Bt e arw any St ways & a1 e gor koo ot tne
S 5 v ) g v e PR

Plant growth is often limited by drought stress  Plants are immobile : unable fo
escape stressful environments

& Enviconment

Can science help improve food security?

Sy u o
hvermart e BEC Aows

B L]

10 201011, 1t prowiand £100m - accourting for 36% of s funcing - for ressarch
looking st improwing 10 sscuety.

INDONESIA ?

{Can Science help to improve food security ?| Case study from golden rice
* Rice possess the machinery to synthesize p-carotene, but it is fully active in leaves not in the
grain
Abiotic Stress & Systems % . =3 + By adding only two genes, a plant phytoene synthase (psy) and a bacterial phytoene
: D Ny A simplified working model of a signaling desaturase (crt I), the pathway is turned back on and p-carotene consequently accumulates
e network of plant responses to abiotic in the grain

stress RE ou gesucm roe Gw oy noe 1 Py nos 18

+EOCTEEES-H T - T T H

<3

Number of Publications

{positive selextion system)

* Phytosne Desaturase

PEPPFIP PSS

« {Carotne tomerase

* {Carotene Desaturase

The number of publications per
year related to systems biology
and abiotic stress : increasing
dramatically

" + Lycopene isomerase

. friycopene Cyclams

é}«&v‘s\ﬁ»y\p' Hd R

Coner 1 ol BMC Plant Biolagy 2011
(eye. P 2003
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Lesson from Carotenoid Principal Plant Carotenocids
v A o Ao i EI*/L\A/KW:Q f-Carotene
e )

| WW | I i
diphosphate W ~ = Luteine

w OH

o S Y \TQ _—

: W et e o
Gae S NG wmw Autheraxanthine

-

M M’Y‘:Q ke o Violaxanthine
a-Carotime .Quyb--_-m Hwirocyiases *‘ #Cwules W

oM
w i PR A A SN Neoxanthine
l-,_ff‘ e 4 M
o oH
Py ¢ SRS O el
5 4 Asthirvanitine NS AN A Fucosanthine
3 o
NN ST e g
I_ M i ”

Cycle rings found in carotenoids OBJECTIVES 2?2??
LD
Bt

e D e T S S N T T
. O .
O
X ~
g Aromatic Ring:

- Absent in plants

- Present in some Cyanobacteria and bacteria The idea : integration of hydroxy-i
- Aromatic carotenoid is very stable and could integrated in the 3
i I of chloropl bran integrity = plants more tolerant to stress ?
plastids Uadid et al, manuscript n preparasion) i, o

VAR DD X

g - o8
w _W e ‘J '}iydro;ylue?!

Cholesterol Dipolar carotenoid Vinkomariin O
O i R SN = | Product?

- Carotenoid = membrane stabilizer N P
(Jadid et al, manwscript in preparation)
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PERSPECTIVES

?

=P Xanthophylles ?
kil  Endeganeus

X i Hydroxylases

Isorenieratene

S

Plant Isoprenocids and plant response to drought stress....
.= Pigment analysis of 2" et 3¢ generation by: TLC, HPLC,
LC/MS/MS

==$ Localisation of isorenieratene or their derived-molecules in cells?

.« Effect of introduction of CRTUin plant resistance againts
different environmental stress ?

(J2did #1 al, manwscript in preparasion)

Plant isoprenoids and drought Stress effects

Isoprenoids-derived marker for drought stress

Plant resistance to drought stress involves cellular bolism, hormone signalli

global transcriptional reiioggummir_lg

Profiling the pattern of drought-related gene expression is a promising
strategy to preliminary evaluate the plant response to drought stress.

,,,,,

Erlyta Vivi P.

Tobacco : high economic value
Already become plant model
Marakot : 140 cm height Waltyu
Jp 1130 cm

MKY  :207 cm height

Basu et al. FI000 Recearch, 2016

(Fadid ef al, 2018)

« Tobacco : « superstar » crop that play central role in both regional and national RIS SN NGIEHSISHISGE AN
economic development (Disbun Prov Jatim, 2012).

« Eventhough, tobacco is now developped as a new biofactory for biopesticides,
biofuels and also for healing some diseases

\ i
..
« Burley tobacco : a light air-cured tobacco used primarily for cigarette production, X

was introduced to Indonesia since 1957.

Typically high oil content, low sugar and high nicotine

Tobacco : high economic value
Already become plant model
Marakot : 140 cm height

JP :130cm

MKY : 207 cm height
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METH( Pattern of NL4BA42 expression

Drought-responsive genes used include : Gene expression analysis of NUBA2 NLABAZI des Z ax thi .F, id s
« NILTP] (AAT45202), 2 = 2 hin into violaxanth
« NtBA2 (EU123520), s e %
« NtERD10B (AB049336) i. wnf e 5l
* Reference gene NIEF-1a (AF120093) jos l L lm. | . =T

ot & — | iotasarth
Primers used in this study were desngned using| B i | -

e oY g e ] | |
PrimerQuest Tool (Integrated DN. gi i | E Varlotas o ,_. weo .L
L G pimeRad(S33)  PrimecReese(s33) —— b et (7] I
[ CATTGTTGGTGGTCGTGTG TGGAAGGGCTARTCTTGTAGG | e | nenaismon
NLABA2 GTGGGATTGGAGGGTTAGTT GGTCCTCTATATTGCCCTTCTC 1 ::: :;" l
NtERD108 ACGGACGAATACGGCAATC TCTCCTTARTCTTCTCCTTCATCC =
NEEF-1a TGAGATGCACCACGAAGCTC CCAACATTGTCACCAGGAAGTG Pouinalined
2
Overexpression of ABA2 ent
drought tolerance (vuc ora1, 2012) (dsdid of ot 2018)

Pattern of Nt4BA2 expressi

* Overexpression of 4BA2 >> enhances the production of Abscisic E}: S
acid (Xiong et al., 2002) > better resistance capacity to drought i _ERD {Early Respanse to Droiight)
i : gene family which is induced
stress (Yue et al., 2012) Eos - 5
) o6 during drought stress (Alves et al.,
* Roles of ABA during drought stress : L =
@ 2011).
- Maintain water balance through stomatal closure bt e + ERDI0 responsible for the
- ABA also regulates many drought-responsive genes (Singh and vadenes accumulation of LEA (Late
Laxmi, 2015) S res: st Embryogenesis Abundant) which
functions to protect other necessary
* NUERDIOB _;xprcssmnjli PEG- growth protein from degradation
the concentration of PEG = Qyercypessibn SLERDIIR

enhance plant tolerance against
drought stress (Cushman &
Bohnert, 2000).

(Jadid et ol 201%)

Pattern of NtILTP/ expression

NILTPI : encodes lipid transfer
protein functioning in wax
deposition = climinating water
loss risk during drought stress

® Konsentrasi PEG 0%+ Konsentrasi PEG 10%
# Xonsentrasi PEG 20% W Konsentrasi PEG 20%

Uprcgulaliou of this gene Dinrpcnoids and animal fGGdSTOCkS-.....,
confers drought resistance
(Cameron et al., 2006).

The expression of NtLTP/ in var,
MKY exhibited similar pattern of
expression than the other
responsive genes
Expression of NtLTP/ in var. Jepon
Mawar decreased following

of PEG

(Jadid of oL, 2018)



Prosiding Seminar Nasional SIMBIOSIS IV, Madiun, 15 Agustus 2019
p-ISSN : 9772599121008 e-ISSN : 9772613950003

Diterpenoids : a short story from Jatropha curcas
« Energy consumption will increase 56% by 2040

Jarak kepyar

) Biomass-based (Ricinus mvmm‘)

energy
-
Main Focus

Gene expression analysis of phorbol ester Biosynthetic
Pathway at different stages of development in Jatropha curcas

s

(adid o oL, 2015)

Another story of Isoprenoid-derived molecules :Sterols

» Belongs to Euphorbiaceae

+*Succulent shrubs with > 4 m height

+ Adaptable to dry climate and soil
condition

+Seeds : high oil content (44-62%)

+ High level of proteins (22-35%)

Alternative source of animal feedstock

A»

+ Toxic
* Phorbol Ester (PE)

Predicted PE biosynthetic pathway

First-strand cDNA synthesis
B i
. -
gy
|
[,
Collecting data from gene bank NCBI
=
Desain primer l,,
PR T [r— %.,rl&% “".p,'”'q, g, N, &)
o | OCTGAMCCEATTIARCERE | €7 wnin..{i(«;«k(:i A o —
P
81 :young 85 truly develo

53 developed

KN : Negative conleol

Arabidopsis Sterol Mutants

Generalities

Sterol Biosynthetic

(SBIs)
- Cell cycle regulation
- Inflammatary responses (human)
- Oxygen sensor (fission yeast) T
-Plant ?

{Bautte and Grebe, 2009 )

Data

Cychoartenal
| smit/cphiore
24-methylene-Cycloartenol
ScaDMt |
Cycloelicalenol
l ol
opsiez
| toctaiiycnz
4-a-methylfecosterol
{ Moiond
%

' Precursors of steroid h

Sterols &Vitb

Brassinosteraid FNgcsTu'ﬂm Cholecalciferol

nn2iopt & i3
scapm2 |
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enastersl

Patterning defect & seedling lethality

W el Wit

P

hydra2/fscks! WY hyaral
(Undeey ¢t 6 2003, & Men S et ol 2008)
8R-dependent
mutants

Dwarfism & non lethal
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II. Problematic Problematic
BR-independent mutants Datu
Role of in
- SBIs in organisms
* Membrane structure alteration (changes in regular sterol compasition) C4-methyl SBIs have biological function beyond sterol synthesis
* Perturbation of endocytic trafficking of auxin efflux carrier (PIN1) in some BR-independent
e Organisms C4-methyl SBIs Biological roles
Cell cycle regulati
wT /o
e Mammals ﬂAS thylsterol) | Cellulor Prohfzrmnon
Root ¢ ¥ Infl y reg
* Schizosaccharomyces pombe | 4-methyl sterols | Oxygen sensor
Cryptococcus neoformans | 4-methyl sterols | Oxygen sensor
Normal localization of PIN1 Mislocalization of PINI PLANTS ? ?

(Willsmeen e ol 2003)

« Potential role of unidentified sterol biosynthetic intermediates (SBIs) ?

Simplified Overview of Sterol Biosynthetic Pathway Objective
Generalities - Larasteral —» Sitasteral
IPP—s FPP—+ Squalene —» 2,3-Squalene epoxide
\ ’1 I The sequential steps in SCADM involve 3 enzymes :
kacaterol Cycloortencl ‘ - SMO Sterol 4a-methyl oxidase (identified)
11 | - €SD: da-corboxysterol-C3-dehydrogenase/ CA-decarboxylase
4,4-Dimethyl-zymasterol 24-methylene-Cycloartenol ~y i (identified)
CH, CH, scam. | | sciom &, 'em, - SKR: Sterone keforeductase (identified)
[c4-c4) 4a-Methyl-Zymosterol Cvdwfdlwl [CA-Cla-c4) :o.a-- ! ~ Unlike in yeast & mammals, plants have 2 SMO invalved in 2
SC4D 3 ' S T 5 e i SCADM
M Zymosterol 24 w——d
2N | scaoma | scaomz o
Gulestard - E Dol Eeed M"Ts'ml %;mfm k" Wi - Yeast and mammals ER628  an enzyme (characterized)
MAMMALS  FUNGT ‘ M i - Data from the Arabidopsis genome :AtERG28 s encoded by 1
CAMPESTEROL SITosTEROL RRRREEE K e gene > no functional redundancy
Characterization of Aterg28 T-DNA and Pleiotropic phenotypes in ergZ8 T-DNA lines
ey p! erg.

Complementation lines

» Phenatypic analysis of erg28 T-DNA lines (35-40 d)

2 nmuzﬂoma
- g |mafmnlma
%

Y
SEEE S .- | %o P
3G
. ™ f"’“ W .

QUSRI ~

H (nu)-u,m.: Jemes, mm
Tusiond n‘m—w

{
L,:.,‘f”’m”‘m‘“;* e

<

Expression of AtERG28 in knockout and complementation lines are e =
confirmed by RT-PCR & western blot P>

. Loss of function of AtERG28 ger severe pleiotropic
(Misloundama, Jadid r al,2013)

(Mialoundams, Jadid ef al,2013)
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Sterol composition in erg28 T-DNA lines Conclusion

» Problematic : AYERG28 Function in Development ?

150
] Sitosterol  Stigasterol Campesterol Cholesterol

8

Sters! content (g 9 FW)

* Loss of function of AtERG2B causes severe pleiotropic
FIRRIE " SRR SIRIGF BRI developmental

defects, including :
- Loss of apical dominance
€rg28T-DNA lines - Leaves Epinasty

- Root inhibition

Sterol content is not significantly affected in erg28T-DNA lines - Perturbation of apical meristem

» Sterol composition in At 1Tmm is not affected
,., pathway re or phenomenon ?
Severe pleiotrapic phenotypes in erg28 T-DNA lines are not caused by = Auxin, cytokinins, GA application ?
sterols deficiency

(Mialoundama, Jadid of al,2013)
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