PROTOCOL 19

Purification of Methanosarcina
thermophila Acetate Kinase

and Phosphotransacetylase
Overproduced in Escherichia coli

M.T. Latimer and J.G. Ferry

The acetate kinase and phosphotransacetylase enzymes of Methanosarcina
thermophila strain TM-1 have previously been purified from cells utilizing
acetate for growth and methanogenesis (Aceti and Ferry 1988; Lundie and Ferry
1989). Purification of these enzymes from M. thermophila is time-consuming
and requires large amounts of cell material. To facilitate the study of these en-
zymes, both were overproduced in Escherichia coli strain BL21(DE3) and
purified from extracts. The following protocol describing the overproduction
and purification of these enzymes is adapted from Latimer and Ferry (1993).

We used M. thermophila strain TM-1 (= DSM 1825), which is an acetotro-
phic methane-producing member of the Archaea domain (Zinder and Mah
1979; Zinder et al. 1985). E. coli strain BL21(DE3) (Studier et al. 1990) was used
as the host strain for overproduction of the acetate kinase and phosphotrans-
acetylase. This strain carries a chromosomal copy of the T7 polymerase gene
linked to the lactose operon promoter.

Overexpression plasmids pML702 (containing the pta gene) and pML703
(containing the ack gene) are derivatives of pT7-7 (Tabor and Richardson 1985)
and were constructed as described recently (Latimer and Ferry 1993). The T7-7
vector contains a f-lactamase gene, allowing selection for ampicillin resistance.

Acetate Kinase and Phosphotransacetylase

MATERIALS

Media: Cells for enzyme overproduction were grown in standard Luria-Bertani
broth (per liter: 10 g tryptone, 5 g yeast extract, 10 g NaCl) supplemented
with 100 pg of ampicillin per milliliter (Sambrook et al. 1989). Typically, 6
liters of broth was made and aliquotted into 12 flasks (2000-ml capacity) be-
fore autoclaving.

FPLC (fast protein liquid chromatography) system consisting of two pumps and
a programmable gradient former (Pharmacia 18-1040-00)

Mono Q 10/10 FPLC column (Pharmacia 17-0556-01)

Phenyl-Sepharose HiLoad 26/10 FPLC column (Pharmacia 17-1086-01)

Q-Sepharose Fast Flow resin (Pharmacia 17-0510-01)
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Acetate Kinase

METHODS

Activity Assay for
Acetate Kinase

Liquid chromatography column (5-cm diameter x 60-cm long; Spectrum
124038)

Ultracentrifuge with rotor (Sorvall GS3, DuPont Medical Products)

Peristaltic pump (P-3 pump, Pharmacia)

Spectrophotometer

Low-speed centrifuge with large capacity rotor (Sorvall GS3; DuPont Medical
Products or equivalent)

French press and French pressure cell (50-ml capacity; SLM Aminco)

10% TCA (trichloroacetic acid)

Streptomycin sulfate (Sigma S 6501)

Bacto-lactose (Difco)

Caution: TCA is highly caustic. Wear gloves when handling this compound.

This acetate kinase purification protocol typically yields at least 65 mg of en-
zyme. The acetate kinase purified by this protocol has a twofold higher specific
activity than the enzyme as purified from M. thermophila.

Chromatography Buffers
Q-Sepharose buffer
Buffer A: 25 mM BisTris (pH 6.5)
Buffer B: 25 mM BisTris (pH 6.5) + 1 M KCl
Phenyl-Sepharose buffer
Buffer A: 50 mM Tris (pH 7.2) + 1.8 M (NH,),SO4
Buffer B: 50 mM Tris (pH 7.2)
Mono Q buffer
Buffer A: 25 mM Tris (pH 7.6)
Buffer B: 25 mM Tris (pH 7.6) + 1 M KCl1

Degas all buffers by equilibration for 1 hour under vacuum of <100 millitorr.
All buffers contain 2 mM dithiothreitol. All procedures are performed aerobi-
cally at room temperature unless otherwise noted.

1. Prewarm 333 pl of reaction mix (145 mM Tris-HCI [pH 7.5], 705 mM hydrox-
ylamine-KOH [pH 7.0], 200 mM potassium acetate, 10 mM manganese chlo-
ride, 10 mM ATP) at 37°C.

2. Add acetate-kinase-containing fraction and incubate for 6-10 minutes at
370C.

3. Stop reaction by addition of 333 ul of 10% TCA.
4. Begin colorimetric reaction by addition of 333 ul of 2.5% FeClg in 2 N HCL

5. Allow 15 minutes for color development. Quantitate acetyl-phosphate by
absorbance at 540 nm.



Purification of
Acetate Kinase

Protocol 19: Purification of Methanosarcina thermophila 227

. Transform competent BL21(DE3) with plasmid and plate on LB broth +

ampicillin plates overnight as described by Tabor and Richardson (1985)
and Studier et al. (1990). Follow the overproduction protocol as described by
Tabor and Richardson, inducing with 1% (final concentration, w/v) Bacto-
lactose at an ODg, of approximately 1.6. Note: Always use freshly trans-
formed cells (overnight plate cultures) to ensure maximum overproduction.
Prepare competent cells by the CaCl, method as described by Sambrook et
al. (1989).

. Harvest 6 liters of cells by centrifuging at 13,000g for 10 minutes at 4°C in a

large-capacity rotor (i.e., Sorvall GS3 rotor). Pellets can be stored at least 1
week at -80°C.

. Resuspend cells (~45 g wet weight) to a final volume of 130 ml with Q-

Sepharose Buffer A. Lyse cells by passing cell suspension once through a
French press (20,000 psi).

. Centrifuge the cell lysate at 78,400g for 25 minutes at 4°C. Decant and retain

the supernatant fraction. Add 1% (final concentration, w/v) streptomycin
sulfate to the supernatant fraction and then stir the mixture with a glass
pipette until the streptomycin sulfate is fully dissolved. Repeat centrifuga-
tion at 78,400g.

. Load the supernatant fraction onto a 5 x 10-cm Q-Sepharose column (Q-

Sepharose Fast Flow resin) preequilibrated with 2 column volumes of Q-
Sepharose Buffer A. Elute the protein with a linear gradient from 0 mm KCl
(0% Buffer B) to 1 M KCI (100% Buffer B) in 300 minutes at 6 ml per minute.

. Collect 12-ml fractions and assay for acetate kinase activity. The acetate

kinase should elute from the column at approximately 250 mM KCl (25%
Buffer B).

. Pool fractions with the highest total acetate kinase activities, and to those

fractions, add an equal volume of phenyl-Sepharose Buffer A. Load sample
onto a phenyl-Sepharose HiLoad 26/10 column preequilibrated with 50%
phenyl-Sepharose Buffer B. Elute the protein with a linear gradient from 900
mM (NH,),SO, (50% Buffer B) to 0 mM (NH,4),SO,4 (100% Buffer B) in 200
minutes at 3 ml per minute.

. Collect 6-ml fractions and assay for acetate kinase activity. The acetate

kinase should elute at approximately 720 mM ammonium sulfate (60% Buff-
er B).

. Pool fractions with the highest total acetate kinase activities and dilute 20-

fold with Mono Q Buffer A. Load sample onto a Mono Q 10/10 column pre-
equilibrated with Mono Q Buffer A. Elute the protein with a linear gradient
from 0 mM KCl (0% Buffer B) to 1 M KCI (100% Buffer B) in 100 minutes at 2
ml per minute. Collect 2-ml fractions. The acetate kinase should elute as a
homogeneous protein at approximately 230 mM KCl (23% Buffer B).
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Phosphotransacetylase

METHODS

Activity Assay for
Phosphotrans-
acetylase

Purification of
Phosphotrans-
acetylase

Ayield of at least 70 mg of phosphotransacetylase is typical using this protocol.
The phosphotransacetylase purified by this protocol yields enzyme with a
specific activity at least threefold higher than the enzyme as purified from M.
thermophila.

Denaturing and Chromatography Buffers

Denaturing buffer

25 mM Tris (pH 7.2) + 12 M urea
Q-Sepharose chromatography buffer

Buffer A: 25 mM Tris (pH 7.2)

Buffer B: 25 mM Tris (pH 7.2) + 1 MKCl
Mono Q chromatography buffer

Buffer A: 50 mM Tris (pH 7.6)

Buffer B: 50 mM Tris (pH 7.6) + 1 M KCl

Degas all buffers by equilibration for 1 hour under vacuum (<100 millitorr).
All buffers contain 2 mM dithiothreitol. All procedures are performed aerobi-
cally at room temperature unless otherwise noted.

1. Premix an activity assay solution containing 50 mM Tris (pH 7.5), 20 mM
potassium chloride, 1 mM potassium lithium acetyl phosphate, 0.2 mM
lithium CoASH, and 2 mM dithiothreitol. Keep solution on ice.

2. To 495 pl of assay solution (warmed to 21°C) in a quartz cuvette, add 5 pl of
phosphotransacetylase-containing fractions. Mix by inversion.

3. Follow production of acetyl-CoA (formation of thioester bonds) at 233 nm.

1. Follow steps 1 through 3 (p. 227) as described for the purification of acetate
kinase substituting Q-Sepharose Buffer A.

2. Centrifuge cell extract at 4000g for 25 minutes at 4°C. Decant and retain the
pellet fraction. Disperse the pellet fraction in 60 ml of Q-Sepharose Buffer A.
Centrifuge at 4000g for 25 minutes at 4°C.

3. Add 10 ml of Q-Sepharose Buffer A to the pellet and mix by pipetting until
pellet is dispersed.

4. Add an equal volume (~15 ml) of Denaturing buffer (prechilled to 13°C) and
mix well. Incubate for 15 minutes at 13°C. Dilute the solution with 270 ml of
Q-Sepharose Buffer A (13°C) and incubate for 5 hours at 13°C.

5. Load the dilute protein/urea solution onto a 5 x 10-cm Q-Sepharose column
(Q-Sepharose Fast Flow resin) that has been preequilibrated with 2 column
volumes of Q-Sepharose Buffer A. Elute the protein with a linear gradient









