
CNRS / Université
 

de Strasbourg
Institut de Chimie

France

The
 

methylerythritol
 

phosphate pathway

for the
 

formation of
 

isoprene
 

units:

a new target
 

for antimicrobial
 

drugs

Katsiveli, September

 

21-25, 2009



C40  β-carotene

HO

OH

C10  menthol C15  patchoulene

H

ISOPRENOIDS

OH

C20  phytol

C30  derivative
cholesterol



Major hopanoids from Zymomonas mobilis
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Incorporation of [1-13C]acetate: expected labelling pattern of isoprenoids
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Methylobacterium organophilum, M. fujisawaense, 

Rhodopseudomonas palustris, R. acidophila.

Incorporation of [1-13C]acetate into hopanoids: 
- observed labelling pattern
- expected labelling pattern
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Isopentenyl diphosphate biosynthesis in eubacteria

Origin of the carbon atoms from 13C labelling experiments

-   C2 unit      from pyruvate decarboxylation

-   Glyceraldehyde 3-phosphate

Rohmer et al., Biochem. J. 295, 517, 1993; J. Am. Chem Soc. 118, 2564, 1996
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for the biosynthesis of isoprenic units in eubacteria, Part 1.
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for the biosynthesis of isoprenic units in eubacteria, Part 2.
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Methylerythritol phosphate pathway (MEP) pathway:
from pyruvate and glyceraldehyde phosphate to IPP and DMAPP

(lytB)

ispE

(gcpE)

ispF

(ychB)

(ygbB)

ispG
ispH

dxr ispD

(ygbP)

dxs
+

- CO2



HO

R

OH

O

O
H

sterols

phytol

plastoquinone

carotenoids

CYTOPLASM CHLOROPLASTS

ISOPRENOIDS 

FROM PLANTS AND ALGAE

n



CHO

OH

HO

OH

CH2OH

OH

CH2OP

O

OH

CH2OP

OH

HO

CO2H

CH3

OPP

CO2H

O

CH3

CHO

OH

CH2OP

OPP

O

CH2OH

CH2OP

CHO

OH

CH2OP

+

higher plants cytoplasm (MVA)
sterols

triterpenes
sesquiterpenes

ubiquinone

plastids (MEP)
phytol, carotenoids, plastoquinone

hemi-, mono- and diterpenes
sesquiterpenes

Isoprenoid biosynthesis in photosynthesizing eukaryotes



C5

C10

C15

C20

C40

C30

3 acetyl-CoA

via methylerythritol
phosphate

via mevalonate

IPP / DMAPP IPP / DMAPP

geranyl-PP

glyceraldehyde phosphate + pyruvate

geranylgeranyl PP

CYTOPLASM
MITOCHONDRIA

sesquiterpenes

ubiquinone

farnesyl-PP

squalene
triterpenes
sterols

monoterpenes

phytol
diterpenes
carotenoids

plastoquinone

CHLOROPLASTS

Hypothetical compartmentation of isoprenoid biosynthesis in higher plants

C5n

farnesyl-PP

isoprene



CHO

OH

CH2OP

 CH3COCO2H

PolyterpenoidsDimethylallyl-PPC5:  Isopentenyl-PP

glyceraldehyde
phosphate

+
pyruvate

Carbon and energy sources

ANIMALS, FUNGI
PLANTS (cytoplasm)
ARCHAEA
EUBACTERIA

C3  + C3

CHLOROPLASTS (plants, charophyta, 
rhodophyta, chrysophyta)
GREEN ALGAE, Plasmodium, Prototheca
EUBACTERIA

MEP

3 x CH3CO2H

3 acetylCoA

3 x C2

  HMGCoA

MVA



O

CO2
O P

O

OH

O

OH

O

O

HO OH

N N

NH2

O
OH

O P
O

O

O

OH

OH

P

O

O
O

OH

O

P
P

O
O

O

OH

O

O
O

O
O P

O

OH
O

OH

OH

OH
O P

O

OH
O

OH

OH

O P
O

O

O P
O

O

OH
OH

O

HO OH

N N

NH2

O
OH

O P
O

O

O

O

OH

P

O

O
O

PO
OH

O

O P
O

O

O P
O

O

OH

O P
O

O

O P
O

O

OH

Methylerythritol phosphate pathway (MEP) pathway:
deoxyxylulose phosphate synthase (DXS) and reductoisomerase (DXR)
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1-Deoxyxylulose 5-phosphate reducto-isomerase
Kuzuyama et al., 1998; Takahashi et al;, 1998; Arigoni et al., 1999; Radykewicz et al., 1999;

Hoeffler et al., 2002; Steinbacher et al., 2003; Wong & Cox, 2007
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Inhibitors of 1-deoxyxylulose 5-phosphate reducto-isomerase
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Inhibition of deoxyxylulose phosphate reducto-isomerase by fosmidomycin analogues
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1-Deoxyxylulose 5-phosphate reducto-isomerase.
L-DXP as competitive inhibitor
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1-Deoxyxylulose 5-phosphate reducto-isomerase.
L-DXP as competitive inhibitor
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Lipophilic prodrugs of fosmidomycin analogues
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Growth inhibition of Mycobacterium smegmatis
by isoniazide (1) and fosmidomycin analogue prodrugs (2 - 4)
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