BBRC
Biochemical and Biophysical Research Communications 297 (2002) 1008–1010
www.academicpress.com

Crystallization and preliminary X-ray diﬀraction studies
of cobra venom b-nerve growth factor
Lichuan Gu,a Yuequan Shen,a Sujuan Xu,a Yuyan Shu,b Tao Jiang,a and Zhengjiong Lina,*
a

National Laboratory of Biomacromolecules, Institute of Biophysics, Chinese Academy of Sciences, Beijing 100101, China
b
Guangxi Medical University, Institute of Snake Venom, Nanning 530021, China
Received 15 August 2002

Abstract
b-Nerve growth factor (b-NGF) is a 118 amino acid residue polypeptide with an important role in the survival and development
of certain neuronal populations. A b-NGF puriﬁed from cobra venom was crystallized by the hanging-drop vapor diﬀusion method.
The crystals belong to the tetragonal space group P41 21 2 (or its enantiomorph P43 21 2) with unit-cell parameters a ¼ b ¼ 61.75, c ¼
. X-ray data from these crystals were collected to 3.2 A
 resolution. Analysis of the packing density shows that the asymmetric
154.40 A
unit probably contains two molecules. The self-rotation calculation implied that a b-NGF dimer might exist in the asymmetric unit.
Ó 2002 Elsevier Science (USA). All rights reserved.
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b-Nerve growth factor (b-NGF), i.e., 2.5 s NGF is a
118 amino acid residue polypeptide. It is the most important subunit of the 7 s NGF which is an inactive
multisubunit complex of two a subunits, two b subunits,
and two c subunits [1]. The 7 s NGF is stabilized by
Zn2þ cations can be autocatalytically dissociated in the
absence of this cation. Then the three diﬀerent subunits
are released. Being active in the absence of the other
subunits, b-NGF plays an important role in the survival,
development, and diﬀerentiation of sympathetic and
embryonic sensory ganglia [2]. It belongs to a family of
structurally and functionally related molecules referred
to as the neurotrophins. Besides NGF there are four
other family numbers: Brain-derived neurotrophic factor (BDNF), Neurotrophin-3 (NT-3), neurotrophin-4
(NT-4), and neurotrophin-5 (NT-5). Being similar with
its four other family members, b-NGF carries out
physiological activity through binding to its two cell
surface receptors, TrkA and p75 [3,4].
The NGF structure was ﬁrst determined for the protein extracted from submaxillary glands of mice [5]. The
crystal structure of the murine NGF consists of three

antiparallel pairs of b strands, together forming a ﬂat
surface. Two subunits associate through this surface
forming a stable dimer. Four loop regions may determine
the diﬀerent receptor speciﬁcities. Subsequently, the
structures of the bis-desocta1–8 form of murine NGF and
human NGF in complex with human TrkA-d5 were reported [6,7] and they revealed similar structural features.
Snake venom is an abundant, economics and humane
source for NGF. In fact, NGF was originally isolated
from snake venom [8]. Snake venom NGF shows the
same physiological function as does the submaxillary
glands NGF and has sequence identity of 63% compared
with murine NGF. Some residues presumably important
for physiological function or binding receptor for murine
b-NGF vary in the snake b-NGF [9,10]. The crystallographic studies of venom NGF become attractive.
However, no crystal structure of snake venom NGF was
reported yet. In this paper, we report the crystallization
and preliminary X-ray crystallographic analysis of a
b-NGF from venom of Chinese cobra, Naja kaouthia.

Materials and methods
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The b-NGF provided for crystallization was extracted from the
venom of Naja kaouthia (collected from Guangxi Province, China)
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Table 1
Data-collection statistics for cobra venom b-NGF
X-ray source
)
Wavelength (A
Temperature (K)
Space group
)
Unit-cell parameters (A
)
Resolution (A
Completeness (%)
Rmerge (%)
I=rðIÞ
Total observations
Independent reﬂections
Fig. 1. Crystal of cobra venom b-NGF with dimensions of
0:6  0:5  0:4 mm.

according to the procedure outlined previously [11]. The sample
(10 mg ml1 ) was screened at 293 K against Hampton Crystal Screen
and Crystal Screen 2 using hanging-drop vapor diﬀusion by mixing 2 ll
protein solution with 2 ll reservoir solution [12]. Microcrystal emerged
in Hampton Crystal Screen condition # 21 (0.1 M KH2 PO4 , 0.1 M
NaH2 PO4 , 2 M NaCl, and 0.1 M MES, pH 6.5). Crystals were optimized through adjusting the concentration of precipitants. The optimal
crystallization conditions for growing crystals suitable for X-ray
analysis were as follows: the droplet containing 3 mg ml1 protein,
0.2 M KH2 PO4 , 0.2 M NaH2 PO4 , 0.5 M NaCl, and 0.05 M MES as
buﬀer (pH 6.5) was equilibrated over the reservoir solution containing
0.5 M KH2 PO4 and 0.5 M NaH2 PO4 . Single crystals appeared within
one week with a maximum size of 0:6  0:5  0:4 mm (Fig. 1). The
 resolution.
crystals diﬀract to 3.2 A
Diﬀraction data were collected on Mar 345 Research Image Plate
) at 293 K. A total of 180
area detector with Cu Ka radiation (1.5418 A
 were collected from a single crystal (1° oscilframes of data to 3.2 A
lations and 720 s exposure time per frame). During the collection no
obvious radiation damage was observed. The data were processed
using programs DENZO and SCALEPACK [13].

Cu Ka
1.5418
293
P 41 21 2 or P 43 21 2
a ¼ b ¼ 61:75, c ¼ 154:40
3.2
100 (100)
16.0 (41.4)
20.3 (8.4)
140,761
5386

Values in parentheses are for the highest resolution shell (3.31–
). Rmerge ¼ Rh Ri jIðh; iÞ  hIðhÞij=Rh Ri Iðh; iÞ, where Iðh; iÞ is the
3.20 A
intensity of ith measurement of the reﬂection h and hIðhÞi is the mean
value of the Iðh; iÞ for all i measurements.

structures the active dimer might be still preserved in the
crystal of b-NGF from cobra venom. It was reported
that the b-NGF structures display structural ﬂexibility
[6]. The crystallization conditions and space group
of the crystal reported here diﬀer from those of other
b-NGF crystals. Thus the structure determination of
b-NGF in this new crystal form may also increase our
understanding of the structural ﬂexibility of the protein.
The crystal structure determination of b-NGF from
cobra venom by X-ray crystallography is underway
now.

Results and discussion
Auto-indexing revealed that the crystal belongs to
tetragonal space group P41 21 2 or its enantiomeric
. The data set in
P43 21 2 with a ¼ b ¼ 61.75, c ¼ 154.40 A
 contains 140,761 observations of
the range 20.0–3.2 A
5386 unique reﬂections and has an Rmerge of 16% (41.4%
for the last shell) and completeness of 100%. I=r ðIÞ for
this data set was 20.3 (8.4 for the last shell). Details of
the data-collection statistics are summarized in Table 1.
Analysis of the packing density shows that 2–3 molecules in the asymmetric unit would yield a reasonable
solvent content,
with two molecules being most likely
3 Da1 ; Vsolv ¼ 56:6%) [14].
(Vm ¼ 2:83 A
A self-rotation function calculated using the POLARRFN program (CCP4 suit) revealed a prominent
peak (3:5rÞ appearing at 38.4% of the height of the
crystallographic peaks (Fig. 2) for section j ¼ 180°. This
indicated the presence of a non-crystallographic twofold
symmetry axis lying in the plane orthogonal to the
crystallographic fourfold axis and deviates 23° from the
a axis. The self-rotation function calculation implied
that being similar to the previously reported b-NGF

Fig. 2. Self-rotation function (j ¼ 180° section) for NGF crystals reveals a peak corresponding to a non-crystallographic twofold axis at x
 and a resolution
of 90° and u of 23°. An integration radius of 25 A
 were used in the calculation.
range of 10–4 A
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