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INTRODUCTION
Protein crystallization followed by X-ray diffraction analysis is a
powerful tool to explore protein structure. Establishing the details of
diphtheria toxin’s (DT) cellular entry is relevant for understanding the
entry of several toxins and for the development of biomedical
applications of targeted drug delivery. DT has already been utilized as
a prospective anti-cancer agent for the targeted delivery of cytotoxic
therapy to cancer cells.
Aim: The aim of this study is to prepare crystals of full-length
diphtheria toxin for 3D structural characterization at different pH.
The resulting structure will be used as a reference for comparison
with mutants of interest in order to explain the functional differences
and their impact on potential drug therapy development.

METHODS
Full length DT was cloned in the pET22b vector and purified using a
His-tag (1). E. coliBL23DELysS cells were grown in LB medium to
OD600 = 0.6. Protein expression was induced by addition of 0.8 mM
IPTG. Cells were sedimented by centrifugation, resuspended in lysis
buffer (50 mM Tris-HCl, 300 mM NaCl, 5 mM imidazole) and
subjected to sonication on ice. Clarified cell lysate was incubated with
Ni-Agarose washed and the bound protein was eluted with 0.5 M
imidazole in the binding buffer. Eluted protein was purified by size
exclusion chromatography (Fig. 1A). Purified protein was quantified
by absorbance at 280 nm and purity was confirmed by SDS-PAGE
(Fig. 1B). Purified full-length DT, in 50 mM sodium phosphate, pH 8,
was concentrated to 13.6 mg/mL (0.23 mM). Proplex F3 (10 %w/v PEG
10,000, 0.1 M MES pH 6.5, 0.1 M magnesium acetate) and JCSG+ A9
(20 %w/v PEG 3350, 0.2 M NH4Cl) was used for crystallization.

RESULTS
N

Figure 1: Purification and purity evaluation of full-length
Diphtheria Toxin.
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Figure 1A. Protein eluted from Ni-agarose was passed through a
Superose 12 column 1 x 30 cm, flow rate 0.4 mL/min in 50 mM
sodium-phosphate buffer, pH 8. A single major peak with retention
of 17 mL consistent with that of WT full-length DT was observed.
Figure 1B. SDS-PAGE of the preparation showed the single band
with Mr of 58 kDa corresponding to the size of FL DT molecule.
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Figure 2: Generation of pure full-length DT crystals.
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Figure 3: Crystal structure obtained for the full-length
Diphtheria Toxin. Refined model of DT crystallized in Proplex
F3 media. Subunits A and B are colored blue and gold
respectively.
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Figure 2. Crystals of full-length DT obtained using 13.6 mg/mL of
protein. Visible light (2A) and UV images (2B) are shown on the left
and right respectively. Different crystal morphologies are observed
due to varying conditions. 2Ai and 2Bi are from Proplex F3 and
belong to a Triclinic P lattice. 2Aii and 2Bii are from JCSG + A9 and
belong to an orthorhombic P lattice.

The 3D structure of full-length DT obtained corresponds to
previously established structures.
The protocol that was developed serves as a prerequisite for
experiments to obtain crystals different full-length DT
mutants of interest and at varying pH.
Elucidating and comparing the 3D structures of wildtype
DT to mutants will serve important roles in explanation of
the functional differences.
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