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A recombinant form of aminopeptidase N (molecular weight 99 kDa) from

Escherichia coli was crystallized by the hanging-drop vapour-diffusion method

using ammonium sulfate as a precipitating agent. The crystals belong to the

hexagonal space group P3121, with unit-cell parameters a = b = 120.5, c = 171.0 Å.

The crystals are most likely to contain one molecule in the asymmetric unit, with

a VM value of 3.62 Å3 Da�1. Diffraction data were collected to 2.0 Å resolution

using Cu K� radiation from a rotating-anode X-ray generator.

1. Introduction

Aminopeptidase N (EC 3.4.11.2) belongs to clan MA and family M1,

which contain one zinc ion per molecule. The enzyme is well

conserved in a variety of species, such as mammals, insects, plants and

bacteria. Aminopeptidase N possesses broad substrate specificity and

releases most N-terminal amino-acid residues. Together with certain

endopeptidases, aminopeptidase N plays a predominant role in

peptide degradation for utilizing amino acids as nutrients. Addi-

tionally, aminopeptidase N is known to possess significant physio-

logical functions as a receptor without employing its enzymatic

activity. For instance, human aminopeptidase N, which has been

identified as a CD13 antigen, acts as a receptor for coronaviruses such

as the transmissible gastroenteritis virus and human coronavirus

229E (Delmas et al., 1992; Curtis et al., 1992), while Bombyx mori

aminopeptidase N serves as a receptor of Bacillus thuringensis

Cry1Aa toxin (Yaoi et al., 1997). The Escherichia coli aminopeptidase

N shares 13.6 and 13.4% sequence identity with its human and

B. mori homologues and is an enzyme with a molecular weight of

99 kDa whose N-terminal order of preference is for Arg, Lys and Ala.

The enzyme shows some activity for an N-terminal Pro residue,

although the reaction is rather slow. This enzyme was first purified

from E. coli K-12 in 1982 and its catalytic properties were assessed

using Ala-p-nitroanilide as a substrate (McCaman & Villarejo, 1982).

The enzyme was reported to be a monomeric acidic protein

containing at least one sulfhydryl group, essential for catalytic

activity, which was readily inhibited by p-chloromercuribenzoate.

Subsequently, the activity was also found to be inhibited by

o-phenanthroline, puromycin, bestatin and amastatin. It has been

also shown that the enzyme has aryl amidase and peptidase activities

similar to those of aminopeptidase M from mammalian tissues

(Yoshimoto et al., 1988). The nucleotide sequence of the pepN gene

encoding aminopeptidase N of E. coli was sequenced and an open

reading frame coding for a protein of 870 amino-acid residues was

identified (Foglino et al., 1986). The aminopeptidase N contains a

His297-Glu298-Xaa-Xaa-His301- (where Xaa is any amino-acid

residue) sequence motif, which is a signature of a zinc-binding region.

Despite the length of time since the discovery of aminopeptidase N,

its three-dimensional structure has not yet been determined.

Therefore, to clarify the enzyme structure and the recognition

mechanisms of a wide variety of N-terminal amino-acid residues of

substrates, we constructed a plasmid to overexpress the recombinant

enzyme for X-ray crystallographic study. This is the first report of the
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crystallization and preliminary X-ray crystallographic analysis of

aminopeptidase N.

2. Experimental

2.1. Expression and purification

The pepN gene was isolated from the Kohara clone 219 (Kohara et

al., 1987). The phage DNA was digested with PstI and XhoI and the

3.4 kbp fragment containing the pepN open reading frame was cloned

into the same restriction sites of pBluescript II SK(�) to produce

pAN14. The nucleotide sequence of this clone was confirmed by

DNA sequencing using the ABI Prism 3100 Avant Genetic Analyzer

using the BigDye Terminator v.1.1 cycle sequencing kit and the open

reading frame of 2610 bp was identical to the published sequence

(GenBank accession No. M15273).

E. coli XLl-Blue transformed with the pAN14 plasmid was aero-

bically cultured in 20 l N-broth containing 50 mg ml�1 ampicillin at

303 K for 17 h using a jar fermenter (MBS). The cells were suspended

in 20 mM Tris–HCl buffer pH 7.0 and were disrupted by sonication in

an ice bath using an Ultrasonic Disruptor (UD200, Tomy). The cell

lysate was centrifuged at 22 540g for 20 min to remove cell debris.

2%(w/w) protamine sulfate was added to the supernatant in a

dropwise fashion (to remove chromosomes and viscous material),

resulting in 16 mg per gram of wet cells. After centrifugation at

22 540g, the supernatant was fractionated with ammonium sulfate

from 35 to 70% saturation. The precipitate was dissolved in 20 mM

Tris–HCl buffer pH 7.0 containing 35% saturated ammonium sulfate

and the enzyme solution was applied onto a Toyopearl HW65C

column equilibrated with the same solution. Enzymes were eluted

with a linear gradient of ammonium sulfate concentration from 35 to

0% saturation. The enzyme was then purified in a DEAE-Toyopearl

column equilibrated with 20 mM Tris–HCl buffer pH 7.0 using a

linear gradient from 0 to 0.5 M sodium chloride. The purified enzyme

was homogeneous on SDS–PAGE and was dialyzed against 20 mM

Tris–HCl buffer pH 7.0, concentrated to 28.0 mg ml�1 using Centri-

prep YM-30 (Millipore) and stored at 193 K.

2.2. Crystallization

Initial screening of the crystallization conditions was performed

using the sitting-drop vapour-diffusion method at 277 and 293 K using

sparse-matrix screens (Jancarik & Kim, 1991) based on the

commercially available Crystal Screens I and II (Hampton Research

Inc.) and Wizard Screens I, II and III (deCODE Genetics Bio-

structures). Two crystal forms were obtained. One form grew in 24 h

using 20%(w/v) PEG 3000 and 100 mM sodium citrate buffer pH 5.5

as reservoir solution. The other form was grew over 12 d under

conditions consisting of 10 mM cobalt chloride hexahydrate, 1.8 M

ammonium sulfate and 100 mM MES buffer pH 6.5. The crystal-

lization condition that includes ammonium sulfate as a precipitant

and which yielded reasonably diffracting crystals was optimized

further using the hanging-drop vapour-diffusion method at 293 K. A

3 ml droplet of 28.0 mg ml�1 protein solution mixed with the same

amount of reservoir solution was equilibrated against 500 ml reservoir

solution (1.75 M ammonium sulfate and 100 mM MES buffer pH 6.4)

to give good-quality crystals of aminopeptidase N.

2.3. Data collection

X-ray data from the native crystal were collected at 100 K with a

Rigaku R-AXIS IV++ detector using Cu K� radiation, which was

generated by a Rigaku MicroMax007 rotating-anode X-ray generator

with Osmic confocal focusing mirrors operated at 40 kV and 20 mA.

For data collection under cryogenic conditions, crystals were soaked

for several tens of seconds in a solution containing 30%(v/v) glycerol,

1.75 M ammonium sulfate and 100 mM MES buffer pH 6.4. Crystals

were mounted in a nylon loop and flash-cooled at 100 K. Diffraction

data from a crystal which had been soaked in 0.1 mM ethylmercuri-

thiosalicylate for 12 h were collected in a similar fashion. The data

were processed and scaled using MOSFLM (Leslie, 1992) and

SCALA from the CCP4 suite (Collaborative Computational Project,

Number 4, 1994).

3. Results and discussion

The open reading frame of pAN14 consisted of 2610 bp coding for

870 amino-acid residues. The purified aminopeptidase N showed a

single band of 91 kDa on SDS–PAGE, which is slightly lower than the

calculated value of 98 918 Da.

Prism-shaped crystals appeared after a week of incubation (Fig. 1)

and grew to maximum dimensions of 0.4 � 0.4 � 0.3 mm after a

couple of weeks. From the data obtained, the crystal was determined

to belong to space group P3121, with unit-cell parameters a = b = 120.5,

c = 171.0 Å, � = 120�. Assuming the presence of one molecule per
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Figure 1
Crystals of aminopeptidase N as grown by the hanging-drop method. The average
dimensions of these crystals were 0.3 � 0.3 � 0.3 mm.

Table 1
Data-collection statistics.

Values in parentheses are for the last resolution shell.

Native EMTS†

Data collection
Space group P3121 P3121
Unit-cell parameters

a = b (Å) 120.5 120.6
c (Å) 171.0 170.8

Radiation source Cu K� Cu K�
Wavelength 1.5418 1.5418
Resolution range (Å) 50–2.0 (2.11–2.00) 50–2.1 (2.21–2.10)
No. of unique reflections 183279 (26223) 82603 (11499)
Completeness (%) 97.7 (95.4) 98.2 (194.6)
Redundancy 3.1 (3.0) 3.9 (3.6)
Rsym‡ 0.064 (0.209) 0.081 (0.239)
Mean I/�(I) 14.0 (4.6) 12.9 (4.3)

Derivative data
Rdiff§ 0.132
No. of derivative sites 3
Figure of merit 0.404

† ETMS, ethylmercurithiosalicylate. ‡ Rsym =
P

hkl

P
i jIhkl;i � hIhklij=

P
hkl

P
i Ihkl;i ,

where I is the observed intensity and hIi is the average intensity for multiple
measurements. § Rdiff =

P�
�jFPHj � jFPj

�
�=
P
jFPj, where |FPH| and |FP| are derivative

and native structure-factor amplitudes, respectively.



asymmetric unit, the Matthews coefficient VM was calculated to be

3.62 Å3 Da�1, indicating a solvent content of approximately 66%

(Matthews, 1968). These values are within the range typical for

protein crystals (Kantardjieff & Rupp, 2003).

Statistics of data collection are summarized in Table 1. These data

indicate that the crystals were of sufficient quality for X-ray structural

analysis. The crystals showed no significant decay upon exposure to

X-ray radiation.

The SOLVE program (Terwilliger & Berendzen, 1999) was used to

determine the positions of three mercury sites, to refine the heavy-

atom parameters and to calculate the initial phases, which resulted in

a mean figure of merit of 0.404 at 10–2.5 Å resolution. We tried to

solve a phase problem by the single isomorphous replacement

method, but the phasing power was insufficient to determine the

structure. We plan to solve the crystal structure using the multi-

wavelength anomalous dispersion method with a synchrotron-

radiation source or using the multiple isomorphous replacement

method together with other heavy-atom derivatives.
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