
Acta Cryst. (2000). D56, 747±748 Janson et al. � �-Ketoacyl-ACP synthase III 747

crystallization papers

Acta Crystallographica Section D

Biological
Crystallography

ISSN 0907-4449

Crystallization of Escherichia coli b-ketoacyl-ACP
synthase III and the use of a dry flash-cooling
technique for data collection

Cheryl A. Janson,a,c* Alex K.

Konstantinidis,b John T.

Lonsdaleb and Xiayang Qiua

aDepartment of Structural Biology, SmithKline

Beecham Pharmaceuticals, 709 Swedeland

Road, King of Prussia, PA 19406, USA,
bDepartment of Microbial Genetics, SmithKline

Beecham Pharmaceuticals, 709 Swedeland

Road, King of Prussia, PA 19406, USA, and
cDepartment of Protein Biochemistry,

SmithKline Beecham Pharmaceuticals, 709

Swedeland Road, King of Prussia, PA 19406,

USA

Correspondence e-mail:

cheryl_a_janson@sbphrd.com

# 2000 International Union of Crystallography

Printed in Denmark ± all rights reserved

�-Ketoacyl-acyl carrier protein (ACP) synthase III (FabH) is a

condensing enzyme active in the fatty-acid biosynthesis pathway of

bacteria. The enzymes of this pathway provide a set of targets for the

discovery of previously unknown antibiotics. FabH from Escherichia

coli has been crystallized in two crystal forms using the sitting-drop

vapor-diffusion technique. The ®rst form crystallized in the

orthorhombic space group P212121, with unit-cell parameters

a = 63.1, b = 65.1, c = 166.5 AÊ ; the second form crystallized in the

tetragonal space group P41212, with unit-cell parameters a = b = 72.7,

c = 99.8 AÊ . A ¯ash-cooling technique using no cryoprotectant was

utilized in obtaining data from the second type of crystals.
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1. Introduction

Fatty-acid biosynthesis in E. coli is an impor-

tant step in membrane synthesis. The enzymes

involved are individual polypeptides in this

organism, whereas in higher organisms these

enzymes are domains in multienzyme

complexes. Fatty-acid biosynthesis is a cyclic

procedure where two-carbon units are added

to a growing chain. FabH is the initiating

enzyme and catalyzes the condensation of

acetyl-CoA with malonyl-ACP (acyl carrier

protein) to yield acetoacetyl-ACP, CO2 and

CoASH. This condensation is followed by

reduction, dehydration and further reduction;

continuing cycles begin with condensation of

the growing chain (acyl-ACP) with malonyl-

ACP, a step also carried out by a �-ketoacyl-

ACP synthase (Cronan & Rock, 1996). In

addition to initiating the cycle, FabH is a target

for feedback regulation of the biosynthetic

pathway via product inhibition by acyl-ACPs

of various lengths. Acyl-ACP inhibition

increases with increasing chain length from 12

to 20 C atoms (Heath & Rock, 1996).

In recent years, the incidence of serious

health issues caused by increasing resistance to

available antibiotics has increased (Bax et al.,

1998; Travis, 1994). Thiolactomycin is a known

antibacterial agent which inhibits bacterial

fatty-acid synthases including FabH

(Magnuson et al., 1993). Therefore, FabH

should be a reasonable target for the design of

inhibitors with the potential to become new

antibacterial agents.

2. Methods and results

2.1. Protein expression and purification

Previously, E. coli FabH expressed with a

His-tag was puri®ed (Heath & Rock, 1996).

Here, a non-His-tagged E. coli FabH was used

which had been overexpressed in E. coli

DH10B cells using the pET29 (Novagen)

vector and puri®ed using Q-Sepharose,

MonoQ and hydroxyapatite chromatographic

steps at 277 K (Khandekar et al., 2000).

2.2. Crystallization

The sitting-drop vapor-diffusion method was

used for all crystallizations.

Initial crystallization conditions were found

using the sparse-matrix method of Jancarik &

Kim (1991) and then optimized. Protein

concentration was 11 mg mlÿ1 in 20 mM

Tris±HCl at pH 8.0, 50 mM NaCl and 1 mM

dithiothreitol. Droplets were formed using 2 ml

protein and 2 ml reservoir solution and were

equilibrated against 0.3 ml reservoir solution.

Form I crystals grew from a reservoir of 20%

PEG 8000 (Fluka) and 0.1 M HEPES at pH

7.5 as small plates which required separation

for data collection.

A second crystal form (form II, Fig. 1) was

grown with protein at 10 mg mlÿ1 in 20 mM

Tris pH 7.4, 50 mM NaCl and 2 mM dithio-

threitol and a reservoir solution containing

0.1 M magnesium chloride, 0.05 M Tris±HCl

pH 8.5 and 15% PEG 4000 (Fluka). These

crystals grew as tetragonal bipyramids, 0.2 mm

on a side. Both crystal forms were obtained at

room temperature (293±294 K) and grew in

about a week.

2.3. Data collection

X-ray diffraction experiments were carried

out at beamline 17-ID (IMCA) at the

Advanced Photon Source (APS). Crystals had

to be ¯ash-cooled at cryogenic temperatures

for data collection at this powerful synchrotron

beamline. The form I crystals were ¯ash-cooled
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in a cryoprotectant solution containing 80%

crystallization mother liquor and 20%

glycerol. They diffracted to better than 2.0 AÊ

resolution and a data set 97.1% complete to

1.95 AÊ resolution has been collected. There

are a total of 292 572 integrated measure-

ments, giving 50 198 unique re¯ections

(sixfold redundancy). The mosaicity of the

crystal is 0.7� and the Rmerge is 0.077. The

crystal belonged to the orthorhombic

P212121 space group, with unit-cell para-

meters a = 63.1, b = 65.1, c = 166.5 AÊ and one

FabH dimer per asymmetric unit. The crystal

has a VM value of 2.45 AÊ 3 Daÿ1, suggesting a

50% solvent content.

The form II crystals were much more

dif®cult to ¯ash-cool; the crystallization

mother liquor (15% PEG 4000) formed ice

upon ¯ash-cooling. Additions of glycerol or

ethylene glycol, oil, higher concentrations of

PEG 4000 etc. caused the crystals to dissolve

or the mosaicity to increase to unacceptable

levels. To ¯ash-cool these crystals, a standard

nylon loop from Hampton Research was

used, with the loop size carefully chosen to

be smaller than the diameter of the crystal

(<0.1 mm). The loop encircled one tip of the

diamond-shaped crystal and the crystal was

lifted out of the mother liquor so that the

crystal sat above the loop such that no

mother liquor was visible inside the loop.

The crystal was then ¯ash-frozen in a

nitrogen stream at 100 K. In half of the trials,

ice rings were seen in the diffraction images;

this did not prohibit data acquisition. In the

other half of the trials, the images were clear

and showed no ice diffraction.

Similar to the oil method described by

Hope (1990), this technique works by

excluding or minimizing the mother liquor

from the crystal surface. There is no oil used

in this method; the use of oil in this case

destroyed the crystal. This method has also

been used for crystals grown under high-salt

conditions, e.g. the crystals of varicella-

zoster virus protease grown from 2.5 M

NaCl, a structure which was solved at 3.0 AÊ

at room temperature (Qiu et al., 1997).

These crystals grew as hexagonal rods and

diffracted to 1.9 AÊ with synchrotron radia-

tion using this technique for ¯ash-cooling

with a loop size matching the diameter of the

crystal (unpublished data). Since no changes

were introduced into the crystal solution,

this technique is ideal for crystals that are

sensitive to environmental changes, such as

FabH.

A data set for the form II crystal has been

collected to 1.9 AÊ resolution and 99.9%

compleness. There are a total of 303 763

measurements, resulting in 21 724 unique

re¯ections (14-fold redundancy). The

mosaicity of the crystal is 0.9� and the Rmerge

is 0.060. The crystal belongs to the tetra-

gonal space group P41212, with unit-cell

parameters a = b = 72. 7, c = 99.8 AÊ . There is

one FabH monomer per asymmetric unit,

with a VM of 1.9 AÊ 3 Daÿ1 and about 35%

solvent content. Structures for both crystal

forms have been determined (Qiu et al.,

1999); these will provide a structural basis

for inhibitor design.

Our thanks to Dr Ward W. Smith for

assistance in data acquisition and to Drs

Robert Daines, George Glover, Sherin

Abdel-Meguid and Dr Smith for their

support of this work. We also thank Dr

Charles Rock of St Jude's for providing the

original FabH construct. Thanks also to the

IMCA staff for assistance in data collection.

Data were collected at beamline 17-ID (or

17-BM) in the facilities of the Industrial

Macromolecular Crystallography Associa-

tion Collaborative Access Team (IMCA-

CAT) at the Advanced Photon Source.

These facilities are supported by the

companies of the Industrial Macromolecular

Crystallography Association through a

contract with Illinois Institute of Technology

(IIT), executed through the IIT's Center for

Synchrotron Radiation Research and

Instrumentation. Use of the Advanced

Photon Source was supported by the US

Department of Energy, Basic Energy

Sciences, Of®ce of Science under Contract

No. W-31-109-Eng-38.

References

Bax, R. P., Anderson, R., Crew, J., Fletcher, P.,
Johnson, T., Kaplan, E., Knaus, B., Kristinsson,
K., Malek, M. & Strandberg, L. (1998). Nature
Med. 4, 545±546.

Cronan, J. E. & Rock, C. O. (1996). Escherichia
Coli and Salmonella. Cellular and Molecular
Biology, 2nd ed., edited by F. C. Neidhardt, pp.
612±636. Washington, DC: ASM Press.

Heath, R. J. & Rock, C. O. (1996). J. Biol. Chem.
271, 10996±11000.

Hope, H. (1990). Annu. Rev. Biophys. Biophys.
Chem. 19, 107±126.

Jancarik, J. & Kim, S.-H. (1991). J. Appl. Cryst. 24,
409±411.

Khandekar, S. S., Konstantinidis, A. K., Silverman,
C., Janson, C. A., McNulty, D. E., Nwagwu, S.,
Van Aller, G. S., Doyle, M. L., Kane, J. F., Qiu,
X. & Lonsdale, J. (2000). Biochem. Biophys.
Res. Commun. 270, 100±107.

Magnuson, K., Jackowski, S., Rock, C. O. &
Cronan, J. E. Jr (1993). Microbiol. Rev. 57,
522±5542.

Qiu, X., Janson, C. A., Culp, J. S., Richardson, S. B.,
Debouck, C., Smith, W. W. & Abdel-Meguid,
S. S. (1997). Proc. Natl Acad. Sci. USA, 94,
2874±2879.

Qiu, X., Janson, C. A., Konstantinidis, A. K.,
Nwagwu, S., Silverman, C., Smith, W. W.,
Khandekar, S., Lonsdale, J. & Abdel-Meguid,
S. S. (1999). J. Biol. Chem. 274, 36465±36471.

Travis, J. (1994). Science, 264, 360±362.

Figure 1
Crystals of E. coli FabH, form II. The size of the
largest crystal is 0.2 mm on an edge.


