Echelon Biosciences Inc.
CDP-ME Synthase (IspD) Enzymatic Assay

K-2000D

Support: echelon@echelon-inc.com

Description: 96-well assay for monitoring the activity of the CDP-ME Synthase (IspD) enzyme.

Materials Provided Quick Protocol
Catalog # Description Amount Prepare 0.5M DTT
E-2000D CDP-ME Synthase (IspD) (3.75 uM) 25ug

Prepare “IspD Reaction Buffer”

K-2001D AC Buffer 2mL
K-2003D MEP Substrate Solution (312.5 uM) S00uL Add 20 pL “IspD Reaction Buffer” to each well of the plate
K-2004D Dilution Buffer 2mL
K-2005D Pyrophosphatase 5L Add 25 pL of Phosphate Standards to respective wells
K-2006D CTP Buffer 20 uL
K-1501 Malachite Green Solution 21mL Startthe Enzymatic Reaction
K-1502b 100 uM Phosphate Standard Solution TmL
K-DTT1 Lyophilized DTT 50 pmol Seal plate and let reactions incubate at room temperature
--- Reaction Incubation Plate (U bottom) Tplate for 1S minutes
--- Plate Seal 1seal

Add 100 pL malachite green solution to each welland
Additional Materials Provided by User: incubate for 15 minutes at room temperature

®  Pipettes (capable of delivering between 5and 1,000 pL)
®  Multichannel pipettes

e Absorbance plate reader capable of reading at 620 nm. Measure absorbance between 620 and 660 nm

Storage:
Kit can be stored unopened at -20°C for up to six months. All components and solutions should be protected from light.

Echelon Biosciences products are sold for research and development purposes only and are not for diagnostic use or to be incorporated into products for resale without written permis-
sion from Echelon Biosciences. Materials in this publication, as well as applications and methods and use, may be covered by one or more U.S. or foreign patents or patents pending. We
welcome inquiries about licensing the use of our trademarks and technologies at busdev@echelon-inc.com.
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Background:
Isoprenoids comprise one of the most diverse classes of compounds

found in nature. With over 50,000 different isoprenoids identified to
date, they exhibit a broad range of structural complexity and are
involved in a variety of biological functions [1]. Electron transport
(quinones), stabilization of cell membranes (hopanoids and sterols),
cell wall biosynthesis (dolichols), signal transduction (prenylated
proteins), photosynthesis (chlorophylls) and modification of tRNAs
are among the processes that involve isoprenoids [2]. Isopentenyl
diphosphate (IPP) and dimethylallyl diphosphate (DMAPP) are the
precursors for all isoprenoid compounds and two unrelated essential
pathways exist in nature for their biosynthesis. These two precursors
are produced by either the MVA or MEP pathway. The MVA pathway is
found primarily in eukaryotes and archea, including humans, plant
cytosol and some Gram-positive bacteria, while the MEP pathway is
utilized by most bacteria, including all Gram-negatives, and plant
chloroplasts. Due to this natural distribution, the MEP pathway
represents a promising target for development of novel antibacterial
agents and herbicides [3].

Inthe second committed step of the MEP pathway, MEP is converted to
2-C-methyl-D-erythritrol 4-phosphate (CDP-ME) by CDP-ME
synthase (IspD, also referred to as YghP) with the concomitant forma-
tion of inorganic pyrophosphate (PPi). The assay provided in this kit
includes inorganic pyrophosphatase that converts the PPi generated
during IspD catalysis to inorganic pyrophosphate (Pi) [4]. Pi can be
detected spectrophotometrically using a malachite green solution.
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Figure 1:
Diagram of CDP-ME synthesis from MEP using CDP-ME synthase and

CTP. Free inorganic pyrophosphate (Pi) can be detected using Mala-
chite Green.

Assay Kit Notes:

1. Bring reagents to room temperature before use. Keep
enzymes (E-2000D and K-2005D) oniice.

2. The amount and concentration of the IspD enzyme
(E-2000D) utilized in the assay should be determined by the
user.

3. The amount of IspD added to the enzymatic reaction may be
adjusted in order to monitor enzyme activity.

4. Monitor enzyme progress by adding Malachite Green
Solution (K-1501) to separate reactions at various times.

5. Phosphate buffers such as PBS are incompatible in this
assay.

6. Carefully add malachite green solution to avoid introducing
bubbles as they interfere with absorbance measurements.

7. Detergentsused to clean labware may contain high levels of

phosphate. Use caution either by rinsing labware with
ddH20 or by using new plasticware.

8. DMSO concentrations of up to 10% can be used without any
effect on assay performance.
9. The IspD assay’s linear portion of the standard curve occurs

at Pilevels <60 uM.

Assay Procedure:
Please read this entire section and the assay notes section before

beginning the assay.

Preparation of Phosphate Standard Curve
Prepare the phosphate standards by diluting the 100 uM Phos-
phate Standard Solution (K-1502) with the Dilution Buffer
(K-2004D) provided in this kit. Diluted standards should range
between 0 and 60 uM per well in a volume of 25 pL (or in a
similar volume as the enzyme reaction). Refer to Table 1.

Procedure - use in conjunction with Table 2

1. Prepare 0.5 M DTT by adding 100 pyL ddH20 to vial (K-DTTI). Mix
thoroughly.

2. Prepare “IspD Reaction Buffer” by adding 10 uL of CDP-ME
Synthase (E-2000D) solution, 10 pupL Pyrophosphatase
(K-2005D), 12.5 pL CTP Buffer (K-2006D), and 5 pL 0.5 M DTT
(K-DTT1) to 2 mL of the AC Buffer (K-2001D). Mix thoroughly.

3. Add 20 pL “IspD Reaction Buffer” (Step 2) to each well. (Do not
add to Phosphate Standard wells.)

Table 1, Phosphate Standards

Phosphate Volume of 100 uM phosphate stock Volume of Dilution Buffer
Concentration (uM) solution (pL) K-2004D (pL)
60 60 40
50 50 50
40 40 60
30 30 70
20 20 80
10 10 90
0 0 100
Total vol 210 uL 490 L
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4. Add 25 pL of Phosphate Standards to respective wells.
(Columns 11&12 Rows A-G)

5. Startthe Enzymatic Reaction:

a. Add5pLof MEP solution (K-2003D) to all wellsin columns
1-10. (Do not add to “Standard” wells and “No MEP” wells,
Columns11&12)

b. Add5 pL of Dilution Buffer (K-2004D) to “No MEP” wells.
(Wells H11 & H12)

6. Seal plate and let reactions incubate at room temperature for
15 minutes.

7. Add 100 pL Malachite Green Solution (K-1501) to each well and
incubate for 15 minutes at room temperature to allow color
development.

8. Measure absorbance at a wavelength between 620 and 660 nm
ina microplate reader.

Table 2, Suggested IspD Plate Layout
Complete IspD Reaction: IspD A
Enzyme Rxns. (green wells).
Accommodates monitoring B
40 IspD  reactions in
. C
duplicate.
D

Phosphate Standards: (dark
gray wells) 0 pM to 60 uM E
Phosphate (Col. 11&12) £

IspD Enzyme reaction (w/out &
MEP):  (light gray wells)
Negative control
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Data Analysis and Supporting Figures:
Generate a best fit curve for the phosphate standards in order to

determine amount of free phosphate in the enzyme reactions.
(Seefigures1&2).
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Supporting Figure 1:

Malachite Green standard curve measuring free phosphate in
solution. Use computer analysis software to generate a non-linear
regression curve. Using this curve one can interpolate the amount of
free phosphate in the enzyme reactions. Alternatively, use linear
regression analysis. Thismethodis sufficient for analysis but provides
a less precise fit.

CDP-ME Synthase (IspD)

Enzyme Titration Curve
100~

Phosphate Conc. (1M)

Time (min.)

CDP-ME Synthase (IspD) Enzyme Reactions
~+- 6.25nM IspD : 62.5 M MEP

=& 12.5nM IspD : 62.5 uM MEP

-# 18.8 nM IspD : 62.5 uM MEP

-8~ 37.5nMIspD : 62.5 yM MEP

Negative Control Reactions

£ 37.5nMIspD : No MEP
-+ No IspD :62.5 uM MEP

Supporting Figure 2:

CDP-ME Synthase enzyme titration curves. Three enzyme concen-
trations were monitored at 5 timepoints resulting in the following
reaction curves. The formation of CDP-ME occurs at a 1:1 and a 1:2
ratio with the formation of PPi and free phosphate respectively, in
the presence of pyrophosphatase. By measuring free phosphate
levels the user can infer the amount of MEP converted to CDP-ME.
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Related Products

Products | Catalog Number
Assays and Reagents
MEP Assay K-2000C
CDP-MEP Synthesis Kit K-2000E
. 1-0050
Isoprenoid Diphosphate Reagents 1-0051
Malachite Green Assay K-1500
MEP Pathway Intermediates
1-Deoxy-D-xylulose 5-phosphate (DXP) 1-M050
1-Deoxy-D-xylulose (DX) 1-MO50A
2-C-Methyl-D-erythritol 4-phosphate (MEP) 1-M051
2-C-Methyl-erythritol (ME) 1-MO51A
4-Diphosphocytidyl-2-C-methyl-D-erythritol (CDP-ME) | I-M052
MEP Pathway Inhibitors
FR900098 B-4202
5-Ketoclomazone B-4101
IspF Inhibitor 1 B-4102

Please visit our website at www.echelon-inc.com for more enzyme and lipid products.
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