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Isoprenoids & m—s#taw)

Large, diverse, natural products

Vitamin E, provitamin A (B-carotene) (p-#Az# %) and lycopene (% 4L %):
antioxidant activities

Squalene (% #): skin protection; used in skin moisturizers
Phytosterols (###isE=): lower cholesterols

Gibberellic acid, abscisic acid (f%ms, —m@EaEILEYEENARYE - 45k ABA) &
cytokinins (4ipfs32422): growth & development
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Isoprenoid biosynthesis in plants (&%) %% — @ L&Y A Y& 58

« 2 Pathways
* Isoprenoids

Large, diverse, natural products
Squalene (BZ&)%%)
skin protection; used in skin moisturizers

Phytosterols (f&#ssg)
lower cholesterols

Vitamin E (e-tocopherol) (#44E (a - BE))
Provitamin A (B-carotene, -4 &%)

Lycopene (B#i4L%)

antioxidant activities

Gibberellic acid (GA), abscisic acid (g %s,—fE -84
L REVEWYIE - 45555 ABA) & cytokinins (45 24%):
growth & development

* Hypothesis:

Overexpression of HMGS
will increase |phytosterols

(end products)

2 Pathways
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Enzymes are shown in bold. Pathway inside the mitochondria and plastid are boxed. Arrows between cytosolic and plastid compartments represent metabolic flow between them (greater arrow
for more flux). Abbreviations: ABA, abscisic acid; AACT, acetoacetyl-CoA thiolase; BR60X2, brassinosteroid-6-oxidase 2; CYP710Al, sterol C-22 desaturase; CYP85AL, cytochrome P450
monooxygenase; DMAPP, dimethylallyl diphosphate; DWF1, delta-24 sterol reductase; DXR, 1-deoxy-D-xylulose 5-phosphate reductoisomerase; DXS, 1-deoxy-D-xylulose 5-phosphate
synthase; FPP, farnesyl diphosphate; GA-3-P, glyceraldehyde-3-phosphate; FPPS, farnesyl diphosphate synthase; GAs, gibberellins; GGPP, geranylgeranyl diphosphate; GGPPS, geranylgeranyl
diphosphate synthase; GPP, geranyl diphosphate; HMG-CoA, 3-hydroxy-3-methylglutaryl-CoA; HMGS, 3-hydroxy-3-methylglutaryl-CoA synthase; HMGR, 3-hydroxy-3-methylglutaryl-CoA
reductase; IPP, isopentenyl diphosphate; IPPI, isopentenyl/dimethylallyl diphosphate isomerase; Q,,, coenzyme Q,o; SMT, sterol methyltransferase; SQS, squalene synthase.
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Isolated BjHMGS cDNA encoding 3-hydroxy-3-methylglutaryl-CoA synthase
(BjHMGS) w
from an edible plant, Brassica juncea (::%#75%) (Brassicaceae family)

WA R FEYIZ=E BT RS 2IHMGS Z

Characterisation of B[HMGS

« BJHMGS
is developmentally regulated and stress-responsive

Alex et al. (2000) Plant Journal 22: 415-426
Nagegowda et al. (2005) Planta 221: 844-856

*  Expression of recombinant (z&411) wild-type (&4 7Hmes) & variants (HMGS H i fi) s L i vl s pl Hofih a5t

i) in bacteria showed
variant S359A displayed a 10-fold higher enzyme activity

Nagegowda et al. (2004) Biochemical Journal 383: 517-527

* Crystal structure of BjHMGS

Pojer et al. (2006) Proc Natl Acad Sci USA 103: 11491-11496 4



Tested the hypothesis in

Wang et al. (2012) Plant Biotechnology Journal 10: 31-42

Arabidopsis, .
: Plant Biotechnology
model plant with short Journal
genera'“on t|me Piant Biotechnalogy Journal (2012) 10, pp. 31-42 doi: 10.11114.1467-7652.2011.00631.x

Brassicaceae family Overexpression of Brassica juncea wild-type and mutant
closely-related to Brassica HMG-CoA synthase 1 in Arabidopsis up-regulates genes

Sye oo in sterol biosynthesis and enhances sterol production and
BRI T B B stress tolerance

Hui Wang', Dinesh A. Nagegowda'"?, Reetika Rawat', Pierrette Bouvier-Navé®, Dianjing Guo®,
Thomas J. Bach® and IMee-Len Chye'"
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Tested the hypothesis in tomato,
(Solanum lycopersicum)

a crop plant
BAEMZE i B REk
»  Popular

«  Edible fruit

»  Technology mature and stable

Liao et al. (2017) Plant Biotechnology Journal DOI: 10.1111/pbi.12828
Plant Biotechnology

Journal

Fiant Botechrology Journal (20017 doi: 10.1111/pbi. 12828
Improved fruit a-tocopherol, carotenoid, squalene and

phytosterol contents through manipulation of Brassica
juncea 3-HYDROXY-3-METHYLGLUTARYL-COA
SYNTHASE1 in transgenic tomato

Pan Liao'~, Xinjian Chen', Mingfu Wang'. Thomas J. Bach’, Mee-Len Chye'~*
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Antioxidant activity was defined by the ability to scavenge free radicals in DPPH (1,1-diphenyl-2-picr)€/3IhydrazyI).



Vitamin E (#x%e) (a-tocopherol, o4um)
1 494% in S359A-transformed tomato
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Squalene (s%#) 1210% in S359A-transformed tomato
BB FRIESISOAMIZE AL A RIF S BHR=210%
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Total phytosterols 1 94% in S359A-transformed tomato
B ERIESIS0ARE A HAEY S S B IR F 4%
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Phytosterol: campesterol (Giiisimz), B-sitosterol (p-# #z) and stigmasterol (& )
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Conclusion (&)

HMGS overexpression affects plastid & cytosolic pathways in tomato
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Significance of findings (fR&E&)

Study demonstrated that the isoprenoid pathway can be engineered using HMGS S359A to
simultaneously enhance health-promoting vitamin E, JelgaViielnlTalWA W\ oo [N squalene

and phytosterol contents in edible fruits which would benefit human health.
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Potential applications (¥#7ER FH#ED

1. Provide added-value to fruits and vegetables in the human diet, as well as enrich feed for

livestock and aquaculture

2. Use in production of anti-ageing cream and sun-care lotion

LRI NS, K@, KEsEEAYHEReE e EEE
2. W] A A U5 2 T AR A B R 7L
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