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Abstract

A bleomycin-binding protein (BLMA) produced by bleomycin-
producing Streptomyces verticullus was crystallized in a form
suitable for X-ray diffraction analysis using the vapor-diffusion
method. Crystals were grown at pH 5.7, in 0.2 M NH, actate
and 0.1 M Na acetate, using 30% PEG 4000 as a precipitant.
They belong to the orthorhombic system, with space group
P2,2,2, cell dimensions a = 54.90, b = 67.94, ¢ = 35.60 A, and
one BLMA molecule in the asymmetric unit. The crystals
diffract X-rays well and the diffraction intensity data was
collected up to 1.5 A resolution with a merging R value of
0.054 at beamline 6B of the Photon Factory. The diffraction
data set is 94% complete.

1. Introduction

Bleomycin (Bm), produced by Streptomyces verticullus (Ume-
zawa, 1974), is an important anti-tumor antibiotic which causes
cell death as a result of multiple strand scissions by direct
interaction with tumor and bacterial DNA’s. The Bm-producing
microorganism must be protected from the lethal effect of its
own product. We have cloned and sequenced a gene, designated
bimA, which confers resistance to Bm from Bm-producing S.
verticullus ATCC15003 (Sugiyama et al., 1994). The gene
bimA encodes a Bm-binding protein (BLMA) with a molecular
mass of 13 197 (Sugiyama ef al., 1994, 1995). Another gene
encoding a Bm-binding protein, designated Shble, has been
cloned from Streptoalloteichus hindustranus the microbe
producing tallysomycin which is a Bm analogue (Gatignol,
Durand & Tiraby, 1988). This microorganism belongs to the
family Actinoplanaceae which is taxonomically distinguished
from Streptomyces. We have generated a monoclonal antibody
against BLMA and examined the immunological homology
between the BLMA and the Shble proteins, showing that Shble
protein does not cross react with the monoclonal antibody
against BLMA (Sugiyama et al., 1995). In addition, a
polyclonal antibody raised against the Shhle protein did not
cross react with BLMA (Sugiyama ef al., 1995). Thus, although
these Bm-binding proteins are functionally the same, they differ
in immunological response. We have compared the translated
protein sequences from the genes encoding blmA and Shbie
protein and shown that the homology between these proteins is
close to 60% (Sugiyama et al., 1994).

The Shble protein has been crystallized (Rondeau, Cagnon,
Moras & Masson, 1989) and its X-ray structure has been
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determined at 2.3 A resolution (Dumas, Bergdoll, Cagnon &
Masson, 1994). However, the successful crystallization of the
binding complex between the Shhle protein and Bm has not
been achieved, alternatively, a Shhle protein—antibiotic complex
model, based on a proposal three-dimensional model of the
Shble protein and the chemical structure of Bm molecule, has
been proposed.

BLMA is a small acidic protein which binds to positively
charged Bm under physiological conditions presumably by
electrostatic interactions. If a crystallographic analysis of
BLMA could be performed at higher resolution than for the
Shhle protein, more detailed information about the mode of
antibiotic binding could be obtained. In the present study, we
obtained crystals of BLMA that give diffraction intensity data at
the high resolution necessary for studying the mode of Bm
binding.

2. Materials, methods and results

To obtain large amounts of BLMA purified to homogeneity, the
following scheme for production and purification of the Bm-
binding protein was developed: Escherichia coli HBI10I1
harboring the plasmid pKM10 (Sugiyama er al., 1995), which
contains b/mA under the control of the tp promoter, was used
for the production of the protein. The bacteria were cultured in
M9 casamino acids medium (Sambrook, Fritsch & Maniatis,
1989). At the exponential phase of growth, 3-indoleacrylic acid
(IAA) was added to the medium to induce gene expression
under the control of the trp promoter. The bacterial cells from
201 of culture broth were harvested and washed with buffer I
(5 mM Na phosphate, pH 7.2). The washed cells were ground
with quartz sand and extracted with buffer 11 (10 mM sodium
phosphate pH 7.2, 1 mM EDTA, 1 mM phenylmethyl sulfonyl
fluoride and 5% glycerol). Cell debris and quartz sand were
removed by centrifugation at 16 000g for 20 min. The super-
natant was dialyzed against 50 mAf Na acetate buffer (pH 5.0)
and loaded on a CM-Sepharose column equilibrated with the
same buffer. The fraction containing BLMA was collected and
dialyzed against buffer I and then solid ammonium sulfate was
added to 20% saturation. The solution was kept for 1 h in an ice
bath with gentle shaking and then centrifuged at 25 000g for
20 min. The concentration of ammonium sulfate in the
supernatant was increased to 80% and the precipitate was
collected by centrifugation at 25 000g for 20 min and dissolved
in buffer III (10 mM sodium phosphate pH 7.2, 1 mM EDTA
and 10% glycerol). The solution was then loaded on a DEAE-
Sepharose column equilibrated with the same buffer. Elution
was with a 0-0.5 M NaCl linear gradient in buffer 11l and the
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