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P37, an outer-membrane bacterial protein from Mycoplasma

hyorhinis, is a molecule whose presence on the surface of many

tumor cells correlates highly with increased neoplastic invasivity and

metastasis. P37 was overexpressed in Escherichia coli, puri®ed by

af®nity chromatography and crystallized. Useful single crystals for

X-ray diffraction structural studies have been grown by oil-

immersion methods from a solution of 40% PEG 4000, 0.1 M

ammonium bromide in a 0.1 M citrate buffer at pH 4.0. X-ray

diffraction data were collected at the F2 beamline at CHESS with a

crystal-to-CCD detector distance of 150 mm, collecting 1� oscillation

slices with an exposure time of 30 s per frame. A 212� sweep of data

(99.8% completeness) were collected from a single crystal under

cryoconditions, with a maximal useful diffraction pattern to 1.8 AÊ

resolution. The crystals are shown to be monoclinic and have been

assigned to space group P21, with unit-cell parameters a = 50.02,

b = 67.26, c = 59.89 AÊ , � = 108.29� and a scaling Rsym of 0.076 for

34 882 unique re¯ections. Packing considerations indicate that there

is one molecule per asymmetric unit. It is expected that in the near

future the structure of p37 will be obtained using phases from

traditional heavy-atom isomorphous replacement and/or halide-soak

methods. Elucidation of the structure of p37 may be paramount to

producing new antibody-based anticancer therapeutic agents.
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1. Introduction
The primary treatment strategies for cancer

are mainly concerned with the removal and/or

debulking of the primary tumor mass at its site

of origin and then killing as many of the

remaining cancer cells as possible. Unfortu-

nately, tumors shed a small percentage of their

origin cells, some of which ®nd their way

through the circulatory or lymphatic systems to

distant sites. These cells then go through a

complex and poorly understood process to

form new tumor loci called metastases, that are

most often the lethal component of cancer.

p37 is an outer-membrane bacterial protein

from Mycoplasma hyorhinis whose presence

on the surface of neoplastic cells has been

correlated highly with the metastatic nature of

these tumors. p37 was initially discovered in an

effort to heighten the immune response of

cancer patients by immunizing them with their

own surgically debulked tumors (Fareed et al.,

1988). Immunized patients were found, by

immunoblot analysis, to exhibit measurable

antibody titers against several antigens,

including a 38 kDa protein that had more

commonly been designated p37 (Dudler et al.,

1988). The actual puri®ed p37 protein has a

molecular weight of 43.5 kDa but migrates to

the 37 kDa mark on a silver-stained gel.

Addition of puri®ed recombinant p37 to the

culture media of both melanoma and prostate

carcinoma cell lines was shown to greatly

increase the invasivity of these cells (Boehlein

et al., 2002). Furthermore, localization of p37

on the tumor cell membrane as well as

neutralization of the metastatic potential of

these cells by monoclonal antibody addition

suggests that this protein does not require

additional mycoplasmal proteins to exert its

invasive effects. Similar ®ndings have been

reported using FS9 mouse sarcoma cells in

culture (Steinemann et al., 1984).

The M. hyorhinis operon that encodes this

403 amino-acid protein has also been shown to

contain the genes for two additional proteins

whose function is not yet known (Ilantzis et al.,

1993). Upon sequence analysis, it was revealed

that this operon shares 41% sequence

similarity to a periplasmic binding-protein-

dependent transport system as found in certain

Gram-negative bacteria (Dudler et al., 1988;

Gilson et al., 1988). This may indicate that p37

works as part of a mycoplasmal transport

system.

Although p37 has not been implicated

directly, mycoplasmal infection has been linked

to many cancers. One group of researchers has

reported that 48% of patients suffering from
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gastric cancer were also positive for M.

hyorhinis infection (Sasaki et al., 1995).

Another group was able to locate p37 in

paraf®n-embedded carcinoma cells by

immunohistochemistry and then indepen-

dently verify the presence of mycoplasma

DNA by PCR, indicating that greater than

50% of colon carcinoma, gastric carcinoma,

esophageal cancer and lung cancer samples

were positive for M. hyorhinis infection.

Other gastrointestinal af¯ictions such as

chronic super®cial gastritis, intestinal meta-

plasia and gastric ulcer have shown a 25%

mycoplasma infection rate (Huang et al.,

2001). These results indicate that p37 may be

linked to tumor invasivity and increased

metastasis as well as several gastrointestinal

disorders.

An interesting aspect of the possible

structure of p37 is its sequence similarity

with both hemagglutinin A (Sauter et al.,

1992) of avian in¯uenza virus and cathepsin

B (Jia et al., 1995) from Schistosoma

mansoni found using the web-based BLAST

server (Altschul et al., 1997). Residues 186±

343 of p37 have been shown to share a

partial pairwise sequence homology (33/159

residues) with the distal head domain (resi-

dues 118±271) of hemagglutinin A of avian

in¯uenza virus and residues 153±254 of p37

share a partial pairwise sequence homology

(38/100 residues) with several �-strands

(residues 228±329) of cathepsin B from

S. mansoni. A model based on the similarity

of p37 to hemagglutinin A has been built

and may be useful as a search model for

molecular-replacement phasing methods

(Boehlein et al., 2002).

In this paper, we report the puri®cation,

crystallization and preliminary X-ray

diffraction data analyses of p37. Structural

determination of the p37 protein will help in

understanding its function and could be used

to develop new antibody-based cancer

therapies.

2. Methods and results

2.1. Expression and purification

A 380-amino-acid truncated form of p37

was expressed and puri®ed by the method

described by Boehlein et al. (2002). This

truncated form did not express the

N-terminal 23-residue long signal peptide

and membrane-anchoring diglyceride. This

enables the expression of a more soluble

form of the protein. To express p37, the

coding region was ampli®ed by PCR and the

resulting cDNA was sequenced. This

product was then ligated into a pET31f1m1

expression vector and used to transform

BL21DE3pLysS bacteria. Cells were

selected for using ampicillin and chlor-

amphenicol resistance on agar plates and

freshly transformed colonies were used to

inoculate media.

The cells were lysed by vortexing the

pellet in 1/10 the original volume in a 20 mM

phosphate buffer pH 7.8, followed by soni-

cation for three 15 s cycles. The resulting

crude cell lysate was then centrifuged at

40 000g for 20 min at 277 K to remove cell

debris. The clear supernatant was then

subjected to ion-exchange chromatography

using the Econo-System (BioRad). A 5 ml

cation-exchange S column was attached to

the bottom of a 50 ml anion-exchange Q

column and equilibrated with 20 mM phos-

phate buffer pH 7.95 at a ¯ow rate of

2.5 ml minÿ1. The soluble cellular extract

was loaded on the column. The ¯ow-through

containing p37 was pooled. This pooled

sample was adjusted to pH 6.1 with 2 M

acetic acid and loaded onto a 5 ml cation

exchanger, Econo-Pac S cartridge, equili-

brated with 20 mM NaOAc pH 6.1. The

column was washed with 5% 20 mM NaOAc

pH 6.1 with 1 M NaCl (buffer B) and the p37

protein was eluted off the column with 15%

buffer B. The eluted sample was then

concentrated using a Centriprep 10 spin

column (Millipore, Bedford, MA, USA).

The purity and concentration of the p37

sample were assessed by silver-stained SDS

gel electrophoresis (Fig. 1) and UV spec-

troscopy optical density readings, respec-

tively.

2.2. Crystallization and X-ray analysis

Initial crystal screening used the hanging-

drop vapor-diffusion crystal-growth method

(McPherson, 1982) at room temperature

with conditions speci®ed in the Hampton

Research Cryoscreen kit. Preliminary crys-

tals were grown from a drop consisting of

2 ml of puri®ed p37 (10 mg mlÿ1 in 50 mM

Tris±HCl pH 7.5) and 2 ml of a precipitant

containing 0.085 M Tris±HCl pH 8.5, 0.17 M

sodium acetate trihydrate, 25.5%(w/v)

polyethylene glycol 4000 and 15%(v/v)

glycerol (condition No. 22, Hampton

Research Crystal Screen cryo-kit). Long thin

needle-shaped crystals (of dimensions

0.01 � 0.01 � 0.5 mm) were grown over-

night. In an effort to slow the crystal growth

and to attempt to grow larger crystals,

crystal trays were set up and placed at 277 K.

Unfortunately, this did not yield better

quality crystals. Hence, these initial crystals

were microseeded in 2 ml of puri®ed p37 and

5 ml of precipitant. This produced crystals of

larger size (0.03� 0.02� 0.06 mm), but they

were still very thin and dif®cult to

mechanically manipulate (Fig. 2a). A single

crystal was placed on a thin nylon crystal-

mounting loop (Hampton Research) and

¯ash-frozen (Oxford Cryosystems) for data

collection at 105 K. X-ray diffraction data

were collected using an R-AXIS IV++

image-plate system equipped with Osmic

mirrors and a Rigaku HU-H3R CU rotating-

anode generator operating at 50 kV and

100 mA. All data were collected using an

Figure 1
SDS silver-stained gel of puri®ed p37 sample used for
crystallization. Lane 1, low molecular-weight stan-
dards; lane 2, p37 sample (10 mg mlÿ1 in 50 mM Tris±
HCl pH 7.5).

Figure 2
Crystals of p37. (a) Thin needle-like crystals obtained
from initial crystallization screening. (b) Plate-like
crystals obtained from re®ned crystallization condi-
tions. Image (a) was taken with a Zeiss Axioplan 2
microscope under polarized light. Image (b) was
taken with a Bio-Rad 1024 ES confocal microscope
with an Olympus IX 70 transmission.
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exposure time of 5 min per image and an

oscillation range of 1.0�. The 2� angle was

®xed at 0� and the crystal-to-detector

distance was ®xed at 100 mm. Only 60

images were collected owing to X-ray decay

that caused sequential worsening of the

diffraction data. Of these images, only the

®rst 40 were indexed and scaled, using

DENZO and SCALEPACK (Otwinowski,

1992), as primitive orthorhombic (Laue

group P222), with unit-cell parameters

a = 52.65, b = 66.73, c = 119.72 AÊ . The data

were of poor quality, diffracting to 3.5 AÊ

resolution, and scaled with an Rsym of 0.213

(0.552 in the outer resolution shell) for 1704

unique re¯ections (27.4% completeness).

Because of this lack of data, an unambig-

uous space-group assignment could not be

made. Hence, because of the experimental

dif®culties associated with this crystal form

of p37 further studies were halted.

In an attempt to obtain more useful

crystals, a 600 ml sample of puri®ed p37

(10 mg mlÿ1 in 50 mM Tris±HCl pH 7.5) was

sent to the Hauptman±Woodward Institute

for automated crystallization screening

using the oil-immersion microbatch method

(Chayen et al., 1990). This method uses

fractions of microlitre quantities and surveys

1536 conditions over several weeks. These

results gave a lead condition which was

scaled up to be a practical procedure in the

laboratory. This was ®rst achieved by placing

2.0 ml of the puri®ed p37 sample in 2.0 ml of a

solution containing 40% polyethylene glycol

4000 (PEG 3350), 0.1 M ammonium

bromide, 0.1 M citrate pH 4.0 as the preci-

pitant under 1 ml paraf®n oil at 310 K in a

24-well Linbro plate (Hampton Research).

After a short time interval (less than 48 h),

clear plate-like crystals had grown. The

condition volumes were increased and

variation of the protein-to-precipitant ratio

®nally yielded optimal crystallization

conditions at 7 ml protein and 3 ml precipi-

tant. This produced crystals of dimensions

0.5 � 0.3 � 0.2 mm (Fig. 2b).

A single crystal taken from its well using a

nylon crystal-mounting loop (Hampton

Research) was ¯ash-frozen prior to data

collection at 105 K. X-ray diffraction data

were collected at CHESS F-2 beamline

(� = 0.9169 AÊ ) using the ADSC

Quantum 4 CCD detector

system. The crystal-to-detector

distance used was 150 mm and

the 2� angle was ®xed at 0�, with

a 1� oscillation angle and 30 s

exposure time for each frame.

212 images were collected to a

maximum useful resolution of

1.8 AÊ (Fig. 3). The data were

indexed and scaled using

DENZO and SCALEPACK

(Otwinowski, 1992), with the

assigned Laue group P2 and

unit-cell parameters a = 50.02,

b = 67.26, c = 59.89 AÊ , �= 108.29�.
The data set contained 34 882

unique re¯ections (99.8%

complete, 99.8% in the outer

resolution shell), resulting in an

Rsym of 0.076 (0.256 in the outer

resolution shell) (Table 1). By

inspection of the intensities of

the 0k0 re¯ections, we can infer

the assignment of a twofold

screw axis along the b axis that

implies the space group to be

P21. From the unit-cell volume and the

molecular weight of p37, a VM value

(Matthews, 1968) of 2.608 AÊ 3 Daÿ1 was

calculated for one molecule per asymmetric

unit (with a solvent fraction of

0.529 assuming a partial speci®c volume of

0.74 cm3 gÿ1) using CNS version 1.1

(BruÈ nger et al., 1998). Table 2 gives a full

summary of the data-collection statistics.

Although an initial attempt at molecular-

replacement phasing has been made using

the partial homology model of p37 (Boeh-

lein et al., 2002) as a search model, no clear

solutions were found from rotation- and

translation-function searches using CNS

version 1.1 (BruÈ nger et al., 1998). This failure

is most likely because the model is only `at

best' representing the N-terminal domain of

p37. Although more efforts will be made to

use the molecular-replacement method, we

have also started to use traditional heavy-

atom (Patterson, 1963) and halide-soak

techniques (Dauter et al., 2000) to phase the

data set.
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