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Purification, crystallization and preliminary X-ray

crystallographic analysis of Arabidopsis thaliana
dynamin-related protein 1A GTPase-GED fusion
protein

Plant-specific dynamin-related proteins play crucial roles in cell-plate formation,
endocytosis or exocytosis, protein sorting to the vacuole and plasma membrane
and the division of mitochondria and chloroplasts. In order to determine the
crystal structure and thus to obtain a better understanding of the biological
functions and mechanisms of dynamin-related proteins in plant cells, the GTPase
domain of Arabidopsis thaliana dynamin-related protein 1A (AtDRP1A) fused
to its GTPase effector domain (GED) was crystallized in a nucleotide-associated
form using polyethylene glycol 3350 as precipitant. The hexagonal crystals (space
group P6,) had unit-cell parameters a = b = 146.2, ¢ = 204.3 A, and diffraction
data were collected to 3.6 A resolution using synchrotron radiation. Four
molecules, comprising two functional dimers, are assumed per asymmetric unit,
corresponding to a Matthews coefficient of 3.9 A’Da™! according to the
molecular weight of 39 kDa.

1. Introduction

Dynamins and dynamin-related proteins (DRPs) constitute a large
superfamily of GTPases that are found in animals, plants and bacteria
(Praefcke & McMahon, 2004). They play essential roles in core
cellular processes such as endocytosis and clathrin-mediated endo-
cytosis (Damke et al.,, 1994), post-trans-Golgi network trafficking
(Nicoziani et al., 2000), mitochondrial fusion and fission (Herlan et al.,
2003), peroxisome fission (Koch ez al., 2003), chloroplast morphology
(Gao et al., 2006), actin dynamics (Schafer et al., 2002) and pathogen
resistance (Praefcke & McMahon, 2004; Chen et al., 2011). Their key
features, which include large molecular size, high basal GTP hydro-
lysis and self-assembly into filamentous helices, distinguish members
of the dynamin family from other classical signalling and regulatory
GTPases (Praefcke & McMahon, 2004; Xue et al., 2011). Dynamins
and other structurally related family members primarily consist of a
GTPase domain, a middle domain and a GTPase effector domain
(GED) which regulates and responds to hydrolysis of the GTPase
domain (Hong et al., 2003; Gout et al., 1993). The GED and the N-
and C-termini of the GTPase domain form a so-called three-helical
bundle signalling element (BSE) that regulates dynamin function
(Chappie et al., 2009, 2010).

Currently, six dynamin-related subfamilies (with 16 members in
Arabidopsis thaliana), named DRP1-6, have been identified in plants
based on their predicted domain structures, amino-acid conservation
and functional analyses (Bednarek & Backues, 2010; Hong et al.,
2003). Among these plant DRPs, the members of the DRP1 sub-
family are referred to as the ‘plant-specific dynamins’ (Hong et al.,
2003). Currently, five of the 16 DRP members found in A. thaliana,
with similar molecular sizes ranging from 610 to 621 amino-acid
residues, are grouped into the Arabidopsis DRP1 subfamily and are
named AtDRP1A-ArDRPI1E. Although they share over 80% primary
sequence identity, the high variability in their tissue-distribution
profiles (Schmid ez al., 2005) suggests that they play distinct biological
roles in plant cells (Hong et al., 2003). AfDRP1A is localized to the
cytoplasmic surface of the plasma membrane to form cell plates in
cytokinetic cells (Hong et al., 2003; Kang et al., 2001; Gu & Verma,
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1997) and ArDRP1A may also play specific roles in the plasma
membrane (Kang et al., 2003) and cytoskeleton (Hong et al., 2003).
In addition, AfDRP1A has been shown to interact with AfDRP2B
(Fujimoto et al., 2008) and to form a complex which regulates not only
the fission of the neck of the clathrin-coated pit (CCP) but also the
maturation of the CCP during endocytosis in Arabidopsis cells
(Fujimoto et al., 2010; Huang et al., 2010). Moreover, AIDRP1A has
been shown to associate with PIN-FORMED (PIN) proteins, which
are restricted to the cell plate, to play an essential role in the estab-
lishment of cell polarity in a very recent report (Mravec et al., 2011).
However, the structure and mechanisms of A{DRP1A are poorly
understood. In order to obtain functional and structural insights into

Figure 1
A single crystal of AIDRP1A GG in a hexagonal crystal form.

plant-specific DRPs, we have engineered a GTPase-GED fusion
protein from AfDRP1A (hereafter termed AfDRP1A GG); here, we
report the purification, crystallization and preliminary crystallo-
graphic studies of AIDRP1A GG.

2. Protein expression and purification

The coding sequence for AfDRP1A was amplified by PCR from a in-
house A. thaliana cDNA library. Four primers, 5-CGCGGATCCA-
TGGAAAATCTGATCTCTCTG-3', 5-CCGCTCGAGTCACCAA-
TCCGAGATCGATGCTGTT-3, 5-CATGGTACTGACAGCCGG-
GTCGATCCAGCAATCATGGAGAGA-3 and 5-GACCCGGC-
TGTCAGTACCATGTGCAATAGGCTTTCCAAGGCGA-3', were
designed and used to generate an AfDRP1A fusion protein consisting
of residues 1-316 of the GTPase domain and residues 585-606 of
GED fused by a flexible linker with the primary sequence HGTD-
SRV as suggested from human dynamin (Chappie et al., 2009). The
PCR conditions were as follows: 30 cycles of 1 min at 367 K, 1 min at
328 K and 2 min at 345 K. The purified PCR products were digested
with BamHI and Xhol and then inserted into the expression vector
pGEX-6p-1 (GE Healthcare) with the same digested sites. After
transformation into Escherichia coli DHS5c«, the cloned fragments
were completely sequenced (Zhou et al., 2010). The recombinant
plasmid was transformed into E. coli BL21 (DE3).

The transformed cells were cultured at 310 K in LB medium
containing 100 mg 17" ampicillin. When the ODg, reached 0.8, the
culture was cooled to 289 K and induced with 0.5 mM isopropyl S-p-
1-thiogalactopyranoside (IPTG). After overnight induction, the cells
were harvested by centrifugation at 5000g for 10 min at 277 K. The

Figure 2

A typical diffraction pattern of an AIDRP1A GG crystal. The exposure time was 5 s, the crystal-to-detector distance was 200 mm and the oscillation range per frame was 0.5°.

The diffraction image was collected on a MAR 165 CCD detector.
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cell pellets were resuspended in lysis buffer consisting of 20 mM Tris—
HCI pH 8.0, 150 mM NaCl and disrupted using an ultrahigh-pressure
cell disrupter (JNBIO, Guangzhou, People’s Republic of China) at
277 K. The cell debris was removed by centrifugation at 20 000g for
30 min at 277 K. The GST-tagged protein was purified by GST-
glutathione affinity chromatography, cleaved with PreScission
protease (GE Healthcare) and eluted with a buffer consisting of
20 mM Tris pH 8.0, 150 mM NaCl. Purified monomeric AtDRP1A
GG sample was concentrated in a buffer consisting of 20 mM Tris—
HCI pH 8.0, 150 mM NaCl, 2 mM EGTA, 4 mM MgCl,, 1 mM DTT.
The yield of AtDRP1A GG was 2-3 mg per litre of bacterial culture.

Previous studies have shown that the interaction between the
GTPase domain and the GED domain is important for regulating
dynamin function. To generate AtfDRP1A GG dimers, the sample was
further incubated for 30 min at 310 K with 2 mM GDP, 1.5 mM AICl,
and 15 mM NaF to produce the transition-state mimic AlF;. The
AtDRP1A GG solution was then loaded onto a Superdex 200 column
(GE Healthcare) to isolate dimeric fractions.

3. Crystallization

Freshly prepared dimeric At{DRP1A GG samples were concentrated
to Smgml~" in a buffer consisting of 20 mM Tris—-HCl pH 8.0,
150 mM NacCl. Screening for initial crystallization conditions was
performed by the hanging-drop vapour-diffusion method using
commercially available crystal screening kits from Hampton Research
(Crystal Screen, Crystal Screen 2, PEG/Ion and SaltRx) at 291 K.
Droplets consisting of 1 ul protein solution (5 mgml™) and 1 ul
reservoir solution were equilibrated against 500 pl reservoir solution
in 24-well plates.

After 3 d, hexagonal prism-shaped crystals of various sizes were
observed under five conditions from Crystal Screen and PEG/Ion.
Most of these initial crystals showed only limited diffraction. Further
crystallization optimization was performed by carefully adjusting the
concentration of precipitant and buffer pH together with the protein
concentration in 120 droplets. Eventually, a condition consisting of
160 mM sodium formate, 16% (w/v) polyethylene glycol 3350, 40 mM
magnesium chloride, 6% (w/v) 2-propanol, 20 mM HEPES pH 7.5 was
found to produce large single crystals with dimensions of 100 x 100 x
300 um (Fig. 1) within 2 d. However, these well shaped crystals still
diffracted poorly and most of them only showed diffraction to 4.5 A
resolution. Large numbers (over 100) of these crystals were carefully
screened to find a crystal with better diffraction.

4. X-ray diffraction analysis

The ArDRPIA GG crystals were transferred into mother-liquor
solution supplemented with 15%(v/v) glycerol, placed directly into
a nylon loop and cooled in a cold nitrogen stream at 100 K. X-ray
diffraction data were collected on beamline 1W2 of Beijing
Synchrotron Radiation Facility (BSRF) at a wavelength of 1.0000 A
using a MAR 165 CCD detector. The crystal belonged to space group
P6,, with unit-cell parameters a = b = 146.2, ¢ = 204.3 A (Fig. 2). The
raw data were processed with the HKL-2000 program suite (Otwi-
nowski & Minor, 1997).

Molecular replacement was performed using the crystal structure
of the human dynamin GG dimer (PDB entry 2x2e; Chappie et al.,
2010), which shares 35% sequence identity with AfDRP1A, as the
initial search model. This procedure was performed using Phaser
(McCoy et al., 2007), but no obvious and correct solution was found
according to the rotation and translation functions (Z scores of <4).

Table 1

Data-collection and refinement statistics.

Values in parentheses are for the highest resolution shell.

Unit-cell parameters

a=b(A) 146.2
c(A) 204.3
a=p(°) 90.0
y(©) 120.0
Space group P6,
Wavelength (A) 1.0000

Resolution (A)

Total No. of reflections
No. of unique reflections
Completeness (%)
Average I/o(I)

RmcrgcJ" (%)

50.00-3.60 (3.66-3.60)
218698 (10900)

28872 (1454)

100.0 (100.0)

62 (34)

14.4 (44.8)

+ Ruserge = Dy 3 M (kT) — (I(RKD)| /Y0 Yo, 1, (kD). where (I(kD)) is the mean of the
observations [;(hkl) of reflection hkl.

As the GED is often found in variable conformations in dynamin-
family members, this is not surprising. A modified model which
consisted of the GTPase domain of human dynamin alone was sub-
sequently used to find the correct molecular-replacement solution
and gave clear rotation (rotation Z score = 6.5) and translation
(translation Z score = 9.6) function pairs for four monomers (two
functional dimers). Assuming that there are four molecules per
asymmetric unit, this gives a Matthews coefficient of 3.9 A’ Da™! with
a solvent content of 40.6% (Matthews, 1968) considering the mole-
cular weight of 39 kDa. Clear electron density for the GED could also
be observed. Further structure refinement and manual building of
GED is currently under way. The final statistics for data collection
and processing are summarized in Table 1.

All crystallization work was performed in the Structure Biology
Laboratory at Tsinghua University. This work was supported by the
National Natural Science Foundation of China (grant Nos. 31100208
and 31000332), the Ministry of Science and Technology 973 Project
and the National Major Project.
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