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Abstract

By selecting the different combination schemes, a simple, fast and highly efficient method for separation and purification of nerve growth
factor (NGF) from venom of Chinese cobra s reported in this paper. This purification process consists of a two-step chromatographic separation
on DEAE-Sepharose F.F. anion-exchange medium followed by a Sephadex G-50 gel filtration. On reducing and non-reducing sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SDS-PAGE), the nerve growth factor obtained with this process proved to be homogeneous and
its molecular weight was separately estimated to be approximately 14.5 and 29.0kD, which was consistent with that reported in literature;
and on high performance size-exclusion chromatography and reversed-phase chromatography, its purity was about 99%. The yield of this
purification method was 0.51% and the nerve growth factor obtained had the activity of eliciting neurite outgrowth from chick embryonic
dorsal root ganglia. The optimum concentration of nerve growth factor was 5-100 ng/ml and the minimal concentration eliciting neurite
outgrowth from chick embryonic dorsal root ganglia was 5.0 ng/ml.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction matographic method, including Sephadex G-100, DEAE
cellulose, Sephadex G-75 and CM-Cellulose, to purify NGF
Nerve growth factor (NGF) is a protein necessary for the from snake venom in 19680,11] Subsequently, they re-
maintenance and development of sympathetic and sensonported a two-step purification procedure consisting of a gel
neurongl]. It can not only promote the fission of neuron but filtration step and a CM-cellulose colunjh2]. Furukawa
also determine the growth direction of neurons. It also plays and Hayashi isolated NGF frofaja naja atravenom by
an important physiological role in central nervous system the method of ion exchange chromatography followed by a
[2-4]. In addition, NGF can mediate an increase in choline gel filtration chromatography in the same ygE3]. Khami-
acetyltransase activity in neonatal rat forebriihand can dov et al. purified NGF from cobra venom by gel filtration,
prevent basal forebrain neuronal death after transection ofion exchange chromatography and preparative isoelectric
fimbria formix [6]. These findings have led to a suggestion focusing on thin layers of G-75 superfine Sephadex in 1985
that therapy with NGF for neurological disorders, such as [14]. Siigur et al. purified the NGF frorkipera berus berus
Alzheimer’s disease, Parkinson’s disease, etc., may be valuvenom by Sephadex G-100, DEAE Sephadex A-50 and chro-
able [7,8] and treatment of some peripheral neuropathies, matography focusing on PBE118 in 19865]. Khamidov
such as diabetes-associated polyneuropathy, with NGF mayet al. purified NGF by PM-10 filter ultrafiltratin, TSK-gel
also be beneficig]. medium, CM-cellulose and gel filtration on Sephadex G-75
Abundant NGF exists in snake venom. To obtain purified in 1989[16]. Smith et al. isolated NGF by the method of
NGF from snake venom, authors have used a variety of dif- gel exclusion chromatography followed by a reversed-phase
ferent methods. Hogue-Angeletti first used a four-step chro- chromatography in 199p17]. The same year, Kilnion re-
ported an Acti-Disk cartridge methdd8]. The Acti-Disk
mspon ding author. Tek:86-29-88303773; cartﬁdge contains.a microporous plastic shegt compqsed
fax: 186-29-88303772. of silica and polyvinyl chloride that can be activated with
E-mail addressbianliujjao@sohu.com (L.-j. Bian). various ion exchange and affinity ligands. And Koyama
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et al. purified NGF from the venom &fipera russelli rus- 15 min. Then the soluble fraction was collected and loaded
selli by Sephadex G-50, S-Sepharose and Blue Sepharos®n the chromatographic column.
CL-6B chromatographyl9]. In 1994, Horie et al. purified
NGF from Crotalus adamanteusenom by gel filtration 2.2.1. DEAE-Sepharose F.F. anion-exchange
on a Sephadex G-100, ion exchange on DEAE-Cellulose, chromatography
Blue Sepharose CL-6B and Monos colurf2®]. In 1995, In the first step, a DEAE-Sepharose F.F. chromatographic
Kostiza et al. separated NGF frohaja naja atravenom column (20cmx 3.5cm i.d.) was used to isolate and pu-
by using weak cation-exchange chromatography followed rify NGF from the venom of Chinese cobra. Buffer A was
by reversed-phase chromatograg@$]. Recently, Li et al. 50 mM Tris—HCI (pH 8.5), and buffer B was buffer A with
isolated NGF from Chinese cobra venom by Sephadex the addition of 200 MM NaCl. About 10 ml soluble fraction
G-50, DEAE Cellulose D-52, CM CL-6B and a Superose derived in the above was loaded on the DEAE-Sepharose
12 column in fast protein liquid chromatograpf82]. Xu F.F. column after equilibration with buffer A, then the col-
et al. purified NGF fromNaja naja atraby ion exchange = umn was washed with the same buffer for 50 min and eluted
chromatography, followed by a gel filtration process in fast with a linear gradient of 0—200 mM NacCl for 190 min. Fi-
protein liquid chromatographj23]. nally, the column was eluted with 100% buffer B for 60 min.
Although many purification methods of NGF from snake The flow-rate of mobile phase was 6.1 ml/min. UV absorp-
venom have been reported, all of them were complicated tion of the column effluent was monitored at 280 nm. Frac-
and time-consuming or could not be easily industrialized to tions were collected and the NGF activity of each faction
obtain purified NGF. To find an effective method of sepa- was assayed.
rating and purifying NGF from venom of Chinese cobra, a
combination of different chromatographic methods, such as2.2.2. Sephadex G-50 gel chromatography
Sephadex G-50, CM-Sepharose CL-6B, DEAE-Sepharose The dimension of Sephadex G-50 column was 150cm
Fast Flow, Heparin Sepharose CL-6B, etc., was used in3.5cm i.d. The buffer used was 20 mM PBS, pH 7.5 (buffer
this paper. A simple, high efficiency and high-yield two- C). A 65ml fraction with NGF activity obtained from
step chromatographic method, which includes a DEAE- DEAE-Sepharose F.F. column was loaded on Sephadex
Sepharose F.F. anion-exchange column followed a Sephadexz-50 column after equilibration with buffer C and then the
G-50 column, was established for the separation and purifi- column was eluted with buffer C. The flow-rate of elution
cation of NGF from venom of Chinese cobra. solution was 2.4 ml/min and the collected fractions were
monitored at 280 nm.

2. Experimental 2.3. SDS-PAGE

2.1. Materials and Instruments After each step of chromatographic purifications, the

DEAE-Sepharose Fast Flow, CM-Sepharose CL-6B fractions including NGF were confirmed on reducing
Sephadex G-50 (Middle), Sepharose CL-6B, CM-Cellulose sodium dodecyl sulphate polyacrylamide gel electrophoresis

32, Heparin Sepharose CL-6B and Sephadex G 25 (Mid- (SDS—PAGE). The separating gel_ consisted of 13% poly-
dle) were purchased from Amersham Pharmacia Biotech acryla'mlde anq the electrophoresis voltage was 105V. The
AB (Uppsala, Sweden). The venom of Chinese coblaid following proteins were gsed as mol_ecular Wel_ght markers:
naja atrg) was obtained from Guang Zhou venom institute Phosphorylase b, albumin, ovalbumin, carbonic anhydrase,
(Guang Zhou, P.R. China). Tris, bovine serum albumin and YyPSIn mhlbltor andx-lactalbumin. Gels were stained with
molecular weight marker proteins were from Sigma (St. Coomassie Blue R-250. _
Louis, MO, USA). DMEM medium was from Gibco BRL. The purmed NGF was simultaneously anglyzed Wlth
All the other chemicals were of analytical grade or better. Nnon-reducing SDS-PAGE. The electrophoresis conditions
Biologic LP chromatography system and Mini-protein II Were the same as the reducing SDS-PAGE except the load-
Electrophoresis Cell were obtained from Bio-Rad (USA). ing buffer withoutB-mercaptoethanol.
LC-10A high performance liquid chromatography, Diol-300 ] . ) )
size-exclusion column and VP-ODS reversed-phase column2-4- Analysis of high performance size-exclusion and
were from Shimadzu corporation (Kyoto, Japan). Water eversed-phase columns
Jacket CQ incubator was from Shellab (Oregon, USA). o )
UV-9100 Spectrophotometer was from Rui Li Instrument _ 1he fraction including NGF collected from Sephadex

Corporation (Peking, P.R. China). G-50 was simultaneously analyzed with a high perfor-
mance size-exclusion column and a high performance
2.2. Isolation and purification of NGF octadecylsilyl reversed-phase column. Size-exclusion chro-

matography was performed on a Shim-pack Diol-300
Crude cobra venom 4.9 g was dissolved in 10 ml buffer gel column (25mmx 7.9mm i.d.) with a pre-column
A (50 mM Tris—HCI, pH 8.5), centrifuged at 12,000rpm for (10 mm x 4.6 mm i.d.), the elution solution was 20 mM
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sodium phosphate buffer (pH 7.5) with the addition of following combinations of chromatographic methods were
200mM NacCl. Reversed-phase chromatography was per-evaluated.

formed on a Shim-pack VP-ODS column (15 nxé.6 mm
i.d.) with a pre-column (10 mm 4.6 mmi.d.). Elution buffer

A was HO with the addition of 0.1% (v/v) trifluoroacetic
acid, elution buffer B was acetonitrile with the addition of
0.1% (v/v) trifluoroacetic acid. The column was eluted with
a linear gradient of acetonitrile ranging from 0 to 100%
(v/v). Both the flow-rates of mobile phase were 1.0 ml/min,
and UV absorptions of proteins were monitored at
280 nm.

2.5. Protein concentrations

In Fig. 1, route A is a traditional purification method.
It consists of a three-step chromatographic method of
Sephadex G-50, CM-Cellulose 32 and Sepharose CL-6B.
However, this method can usually be used only in lab-scale
separation and cannot be applied in a large-scale process
because a low-capacity and time-consuming Sephadex
G-50 separation was used in its first step. In a typi-
cal separation program in ours laboratory, a combina-
tion of a 150cmx 10cm i.d. Sephadex G-50 column,
a 100cmx 5cm i.d. CM-Cellulose 32 column and a
150cmx 5cm i.d. Sepharose CL-6B column were used
and 5.0g crude venom of Chinese cobra was applied. The

Protein concentrations were determined by the method of whole separation process took about 137.5h and 15mg

Bradford with BSA as a standard.
2.6. Assay of NGF biological activity

The NGF biological activity was detected by the method
of eliciting neurite outgrowth from chick embryonic dorsal
root ganglia[24]. The dorsal root ganglia dissected from
8-day-old chick embryos were incubated in the culture bot-
tle with the rat tail collagen. The tissue culture medium con-
sisted of TEMED and the fractions including NGF. Then the
culture bottle was incubated for 24 h in g@cubated with
5% CQO at 37°C.

3. Results and discussion

3.1. Selection of separation methods

To identify an effective method to isolate and purify NGF
from venom of Chinese cobra, as shown Rig. 1, the

Crude Venom
Dissolved
lCmtrifuged
A B c

v v v

Sephadex G 50  CM Sepharose DEAFE Sepharose F.F.
l CL-6B l
Cy Ca Cs
CM Celtulose 32 v v v

Sephadex G 25

l Desalted
Sepharose CL-6B

Sephadex G 50 Sephadex G 25

iDesalted

Heparin Sepharose
CL-6B

NGF

CM Sepharose
CL-6B
NGF

NGF, with about 96% purity, was obtained. In procedures
B and C, a CM Sepharose CL-6B cation-exchange col-
umn (20cmx 1.0cm i.d.) and a DEAE-Sepharose F.F.
anion-exchange column (20cm 3.5cm i.d.) were sepa-
rately used in the first step of the purification scheme. In CM
Sepharose CL-6B cation-exchange chromatography, buffer
A was 50 mM NaAc-HAc (pH 5.0) and buffer B was buffer

A with the addition of 0.8 M NaCl. In DEAE-Sepharose
F.F. anion-exchange chromatography, buffer A was 50 mM
Tris—HCI (pH 8.5), and buffer B was buffer A with the
addition of 200mM NacCl. Both the elution modes used
in cation-exchange chromatography and anion-exchange
chromatography were: 0-50 min, buffer A 100% (buffer
B 0%); 50-240 min, buffer B from 0 to 100% (buffer A
from 100 to 0%); 240-300 min, buffer B 100% (buffer
A 0%). The separation chromatograms for crude venom
in CM Sepharose CL-6B and DEAE-Sepharose F.F. were
shown inFigs. 2 and 3respectively. Fronfrig. 2, it can be
seen that at pH 5.0 most of proteins in crude venom exists
in a positive form and can be adsorbed in CM Sepharose
CL-6B column. Only a small fraction of proteins in crude
venom exists in a negative form, they cannot be adsorbed
by CM Sepharose CL-6B medium and flow out of the
chromatographic column along with the solvent front. The
biological activity detection shows that NGF exists in the

AU 3 ns 58
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300 0

0 100 (min) 200

Fig. 2. Chromatogram of crude venom on CM-Sepharose CL-6B column.
Sample: 0.5g crude venom of Chinese cobra. Column: 2&chDcm

i.d. Buffer A: 50 mM NaAc-HAc (pH 5.0); buffer B: buffer A plus 0.8 M
NaCl. Flow-rate: 0.5 ml/min. The elution gradient see text. The left vertical
axes: UV adsorption at 280 nm (AU). The right vertical axes: conductance

Fig. 1. The separation schemes of nerve growth factor from crude venom of mobile phase (mS/cm). Symbols 1, 2, 3 and 4 separately denote the

of Chinese cobra.

isolated chromatographic peaks.
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Fig. 3. Chromatogram of crude venom on DEAE-Sepharose F.F. column.

Sample: 499 crude venom of Chine_se cobra._ Column: 26cbcm Fig. 4. Chromatogram of the NGF fraction on Sephadex G-50 column.
i.d. Buffer A: 50mM Tris-HCI (pH 8.5); buffer B: buffer A plus 200mM gampe: 65 mI NGF fraction isolated from DEAE-Sepharose F.F. column.
NaCl. Flow-rate: 6.1 ml/min. The elution gradient see text. The left vertical ~qjumn: 150 cmx 3.5¢cm i.d. The elution buffer: 20mM PBS (pH 7.5).

axes: Uy adsorption at 280 nm (AU). The right vertical axes: conductance Flow-rate: 2.4ml/min. The left vertical axes: UV adsorption at 280 nm
of mobile phase (mS/cm). Symbols 1, 2 and 3 separately denote the (z\y The right vertical axes: conductance of mobile phase (mS/cm).
isolated chromatographic peaks. Symbols 1, 2 and 3 separately denote the isolated chromatographic peaks.

third and fourth peaks ifig. 1 Therefore, NGF cannot be 3.2. Separation of NGF from crude venom

effectively separated with the other components in crude

venom using CM Sepharose CL-6B medium. By contrast, 3.2.1. DEAE-Sepharose F.F. column

most of proteins in crude venom, as shownFig. 3 can Fig. 3illustrated the separation chromatogram of crude

be eluted in cationic form using a DEAE-Sepharose F.F. venom in DEAE-Sepharose F.F. column. It shows that on

column. And the biological activity detection shows that DEAE-Sepharose F.F. anion-exchange medium, most of pro-

NGF exists only in the second peak &fg. 3 There- teins and peptides in crude venom are eluted in cationic

fore, by using DEAE-Sepharose F.F. anion-exchange forms, which are poorly retained on this column (peak 1),

medium' most proteins can be removed from crude VenomWhile the other Components included in crude venom are

and NGF can be isolated in the second peakFigf. 3. mainly eluted in peaks 2 and 3. Only the second peak exhibits

Thus, DEAE-Sepharose F.F. anion-exchange medium wasNGF activity. Its SDS-PAGE is displayed in lane 4fa§. 5

adopted as the first step in the following purification Now that mostof the proteins and peptides, which do not ex-

procedures. hibit NGF activity, are not retained by the DEAE-Sepharose
In the next purification steps, three separation schemes,F-F. column, the followed separation steps is lessened.

C1,C; and G, to follow the first step were evaluated.

The affinity and electrostatic interactions between NGF 3.2.2. Sephadex G-50 column

and Heparin Sepharose CL-6B medium in schemetle The Separation Chromatogram of the fraction including

electrostatic interaction between NGF and CM SepharoseNGF activity, which is isolated from DEAE-Sepharose F.F.

CL-6B in scheme € and the size-exclusion effect for ~column, on Sephadex G-50 column is showiFig. 4.

NGF in Sephadex G-50 in scheme,Qvere used to sep- Flg 4 shows that the fraction with NGF aCtiVity obtained

arate and purify NGF from crude venom, respectively. from DEAE-Sepharose F.F. can be separated into three major

The mobile phase of affinity column (20cm 1.0cm peaks on Sephadex G-50. After pooling, the biology activity
i.d) was Tris—HCI, including NaCl (pH 8.5) buffer, and ©f each fraction was assayed. The results showed that the
the column was pulse eluted with 0, 0.25, 0.5, 0.75, 1.0, first and second peaks collected were the proteins with high
1.5M NaCl. The Chromatographic conditions of scheme molecular Welght and no NGF biOlOgical aCtiVity, while the
C3 were same as procedure B. The size-exclusion col- third peak was confirmed to have NGF biOlOgical aCtIVIty
umn (150cmx 1.3cm i.d) in scheme £ was washed  Their SDS-PAGE are separately shown in lanes 1 and 2 in
by 20mM PBS (pH 7.5). The results show that schemes Fig. 5.

C; and G not only have to adopt an additional desalt-

ing step but also cannot obtain the NGF with high purity, 3.3. SDS-PAGE of the collected fractions

and a subsequent isolation step must also be used. In

contrast, in scheme LCwe can not only obtain the NGF The SDS-PAGE of the fractions collected from DEAE-
with high-purity using only Sephadex G-50 column, but Sepharose F.F. and Sephadex G-50 columns is shown in
also the total separation time only was 26h, which is Fig. 5 It is known that the molecular weight of NGF in
one-fifth of traditional method. Therefore, schemg Was SDS-PAGE is about 14.5kD. Combining the biological ac-
selected as the one to separate and purify NGF from crudetivity results and the SDS-PAGE of the collected fraction of
venom. crude venom eluted from the DEAE-Sepharose F.F. column,
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Fig. 7. The chromatogram of NGF on Shimadzu Diol-300. Samplexl 15
peak 3 collected from Sephadex G-50. Column: 250 mm i.d. The
elution buffer: 20 mM PBS (pH 7.5) containing 200 mM NacCl. Flow-rate:
1 ml/min. UV detection at 280 nm (V).

Fig. 5. SDS-PAGE of the fractions collected from DEAE-Sepharose F.F.
and Sephadex G-50. Lane 1: mixture of peaks 1 and Bigf 4 Lane

2: peak 3 inFig. 4, Lane 3: molecular weight marker (from bottom to
top: 14.4, 20.1, 31.0, 43.0, 66.2 and 97.4kD, respectively); Lane 4: peak

. 3.4. Analysis of size-exclusion column and
2 of Fig. 3

reversed-phase column

) ) ) ] At the same time, the peak 3 collected from Sephadex
it can be seen that NGF was included in peak Figf. 3 G-50 was also analyzed with a Shimadzu Diol-300 size-
Because the peaks 1 and 2FRig. 4 cannot be effectively  excjysion column and a Shim-pack VP-ODS reversed-phase
separated on Sephadex G-50 column, SDS-PAGE of theircolymn. On Diol-300 column, it was found that the peak 3
mixture was carried out. The SDS-PAGE results indicate co|lected from Sephadex G-50 had a main peak and its purity
that NGF is not included in the first and second peaks elutedig apout 99.4%. And by calibration analysis with molecular
from the Sephadex G-50 column. However, the SDS-PAGE \yeight markers, the molecular weight of the peak 3 collected
of peak 3 inFig. 4, as shown in lane 2 iRig. 5, shows asin- — from Sephadex G-50 is about 29.0 kD, this result is consis-
gle protein band with a molecular weight of about 14.5KD, tant with that in non-reducing SDS-PAGE; on Shim-pack
corresponding to the reported molecular weight of N&3]. VP-ODS column, the peak 3 collected from Sephadex G-50
Therefore, in view of both the SDS-PAGE and the biological 5159 had a main peak and its purity is about 99.2%. The

activity results, it can be concluded that the peak 3 collected chromatogram of the peak 3 collected from Sephadex G-50
from Sephadex G-50 is the pure NGF from crude venom of , shimadzu Diol-300 and Shim-pack VP-ODS columns
Chinese cobra. The reducing and non-reducing SDS-PAGE 5, separately shown Figs. 7 and 8

of the NGF collected from Sephadex G-50 were simultane-
ously carried out. As shown in lane 1eiy. 6, a single band

is also observed in SDS-PAGE withogtmercaptoethanol.
And by comparing the mobility of band 1 with those of
marker proteins, the molecular weight of NGF collected
from Sephadex G-50 is estimated to be about 29.0 kD, which
is about twice that on reducing SDS-PAGE. This result is
consistent with the conjecture that NGF consists two peptide
chains, whose molecular weights are nearly iden{i24].

3.5. The results of purification

Table 1summarized the results of NGF purification by
using DEAE-Sepharose F.F. and Sephadex G-50 two-step
chromatographic methodable 2compared the results of
NGF purification presented in this paper with those reported
in literatures.

Volts
0. 0 : : LL~.+.~—M,0.0

0.0 50 100 150 20.0 25.0  min

Fig. 8. The chromatogram of NGF on Shimadzu VP-ODS. Samplgdl 50
Fig. 6. Reducing and non-reducing SDS-PAGE of NGF. Lane 1: peak 3 collected from Sephadex G-50. Column: 15mm.6 mm i.d.
non-reducing SDS-PAGE of NGF; Lane 2: molecular weight marker (from Buffer A: H,O plus 0.1% (v/v) TFA; buffer B: acetonitrile plus 0.1%
bottom to top: 14.4, 20.1, 31.0, 43.0, 66.2 and 97.4kD, respectively); (v/v) TFA; linear gradient: 0-30 min, acetonitrile from 0 to 100% (v/v).
Lane 3: reducing SDS-PAGE of NGF. Flow-rate: 1 ml/min. UV detection at 280 nm (V).
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Table 1

Purification of NGF from crude venom of Chinese cobra

Fraction Total protein (mg) Protein concentration (mg/ml) Yield (%) Increases in purity

Crude venom 4900 490 100 -

DEAE-Sepharose F.F 82 0.189 1.67 59.8

Sephadex G-50 25 0.015 0.51 196

Table 2

Comparison of NGF purification between the method presented in this paper and those reported in literatures

References Snake venom Purification schemes Yield (%) Purity (%) Times (h)

[12] Naja naja Sephadex G-56- dialysis + CM-cellulose 0.15 - >310

[13] Naja naja atra  Sephadex G-5@ lyophilization + CM-cellulose+ Sepharose 6B 0.50 - >150

[15] Naja naja Sephadex G-106- DEAE Sephadex A-50+ chromatography focusing 0.41 - >170

[21] Naja naja atra  CM-Sepharoset lyophilization + ProRPC 0.2-0.5 94.7 >27

[23] Naja naja atra  SP-Sephadex C-25 lyophilization, - - >140
dialysis + Sephadex G-106- resource S

This method Naja naja atra  DEAE-Sepharose F.F- Sephadex G-50 0.51 99.2 26

By using DEAE-Sepharose F.F. and Sephadex G-50 purification times and do not include the lyophilization
two-step chromatographic method, the time for isolating and dialysis times), the purity of NGF obtained is higher
NGF from venom of Chinese cobra is about 26 h, the purity than those reported in literatures (the majority of purities

of NGF obtained is about 99% in high-performance liquid
chromatography, and the yield of NGF is about 0.51%.
Therefore, the purification time of this method is much less
than those reported in literatures (the isolation times in lit-
eratures presented fable lare only the chromatographic

Fig. 9. The effect of NGF on 8-day-old chick dorsal root ganglia. (a)
Microphotograph of ganglia at optimum concentration of NGF (10 ng/ml);
(b) negative control, no NGF.

in literatures presented ifable lare electrophoresis purity
except referenc@1]), and the yield of NGF is more than
or not less than, at least, those reported in literatures.

The increases in purity in each purification step are shown
simultaneously ifrable 1

3.6. Assay of biological activity

After isolation using DEAE-Sepharose F.F. and Sephadex
G-50 columns, the NGF biological activity of each fraction
collected was assayed. The results showed that the second
peak in DEAE-Sepharose F.F. columrHig. 3and the third
one in Sephadex G-50 iRig. 4 exhibit NGF activity. The
optimum concentration of NGF is 5—-100 ng/ml and the min-
imal concentration of eliciting neurite outgrowth from chick
embryonic dorsal root ganglia is 5.0 ng/ralg. 9 shows the
effect of NGF on 8-day-old chick dorsal root ganglia.

4. Conclusion

Nerve growth factor is a unique growth factor which has
the ability to stimulate sensory neuron growth. However,
only a limited quantity can, so far, be obtained in disease
treatment for the traditional purification method can not be
industrialized. In the two-step chromatographic method pre-
sented in this paper, DEAE-Sepharose F.F. anion-exchange
medium with high adsorption capability was used in the
first step. Therefore, a large volume of crude venom of Chi-
nese cobra can be separated and purified at one time and
the low loading of other separation schemes reported in lit-
eratures can be overcome. And at the same time, because
only two-step chromatography, DEAE-Sepharose F.F. and
Sephadex G-50, was used to isolate and purify NGF from
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crude venom and the other methods, such as lyophiliza- [7] T. Mark, C. James, B. Armin, S. David, Pro. Brain Res. 138 (2002)

tion and dialysis, were not included in it, this purification
method can be more easily industrialized to obtain NGF in

large-scale than the traditional methods. This two-step chro-

matographic method was more efficient than the reported

401.

[8] C. Simona, G. Sabina, C. Antonino, Mol. Cellular Neurosci. 21
(2002) 15.

[9] H. Hellweg, H.D. Hartung, J. Neurosci. Res. 26 (1990) 258.

[10] R.A. Hogue-Angeletti, J. Chromatogr. 36 (1968) 535.

ones. Thus, the purification time can be shortened, the purity[11] R.A. Hogue-Angeletti, J. Chromatogr. 37 (1968) 62.
of NGF obtained can be raised. and even the loss of NGE[12] R.A. Hogue-Angeletti, W.A. Frazier, J.W. Jacobs, et al., Biochemistry

can also be reduced.
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