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Expression o Bidogically Active Neurotrophin - 4 of
Giant Panda in Escherichia coli
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Abstract : The neurotrophin- 4 (NT - 4) gene plays an important role in the protection of the damages resuited from epilepsy,

which is an inportant cause of death in the pandas. The geromic DNA ooding for the NT - 4 gene o the gant panda was cloned
into expresson vector pGEX - 4T - 3 under the control of a tac pronoter , and expressed in Escherichia cdi. After purification ,

the recombinant NT - 4 of the panda wasfound to be biologicaly active in the PC12 neurite outgrowth assay. We sugged thet this
technique may doffer afeadble means of gene therapy for the gant pandas suffering from epilepsy.
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The gant panda ( Ailuropoda melanoleucaone) is  cell death, neuron degeneration and muscle pasms™ .

the mog endangered goecies in the world with only about
1000 individua's in the wild!* ). Epilepsy is one of the
nog important reaons for abrormd  desth o the
panda® Epileptic seizures could exert severe and
lading irfluence on the neurd sysem such as neurond

Previous gudy on 50 wild pandas indicated that 8 % of
the pandas sufered from epilepsy with a death rate of
10 %!°!. The disease has threatened the survival of panda
due to its serious damage to the nenous sygem , and
there is ill ro efective method for treatment!® 7.
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The NT - 4 gene is known to protect the hippocam
pus and cortical neurons from the dameges of excitation
toxin and traumetic brain injury!® 1. Therefore , it may
a9 be helpful to the pleross and protection of the damr
ages resulted from epilepsy. In humans, the biclogicaly
active NT - 4 is a ronocovaent hormmodimer , with the
noromers cond ging of 130 aa with three intrachain disul-
fide bridges formed by sx Cygeine (Cys) resdues The
noromer begins dter an Arg- X - X - Arg cleavage s=
quence , and the DNA sequence encoding the nmoromer is
a snge exon, which makes it feasble to clone the NT -
4 gene from geromic DNA directly!™? .

To gudy the function of NT - 4 on the panda nerve
sydem, we cloned the coding sequence of NT - 4
nonomer and expresed it in E. cdi with partidly lu-
ble product. The expressed product was purified and its
neurotrophic activity was ocorfirmed by in vitro assy.
This sudy is a prdimnary attenpt to develop gene therar
py for optical epilepsy in pandas

1 MATERIALS AND METHODS

1.1 Maerids

Two sanples of frozen liver tissue were donated from
the Chengdu Research Base for ant Panda Breeding
(Chengdu, 9chuan Province, China) . The pGEM - T
vector and E. coli drain were obtained from Promega
(Madion, WI, USA. ). Expresson vector and E. cdli
drain was from Pharmacia (Hong Kong, China) . PC12
cell swere obtained from Shanghai Ingitute of Cell Biolo-
@/ , the Chinese Academy of Sciences (Shanghai , Chi-
na) . Qutathione sepharose 4B microSin column was
from Pharmecia.
1.2 Extraction of the genome DNA

Hgh qudity geromic DNA was iolated from frozen
kidney tissue with routine pherol - chloroform method!™!.
1.3 Ilation of the panda NT - 4

A par o PCR primers (N1, 5 - CCCCGQCCAACG
CQCACCCGEC - 3 ; N2, 5 - CTCCAGAGAACTCG
CTATTC- 3') was desgned with the program Primer
Premier 5.0 to anplify a 609 bp fragment gpanning the
NT - 4 noromer coding sequence! ™!, PCR was performed
in a tota wlume of 501 containing 25 ng tenplate

DNA , 30 prrol of each primers, 1.25 mM Mgd,, 0.2
mM of each dN'TPs, 1 % Taq polymerase bufer , and 1.5
unit Taq™ polymerase , with cycling parameters as follow
ing: 35 cyclesaf 94 for 1 min, 50 for 1 mn, 72
for 1 min, and then 72 for 10 min. Asptic manipula
tion and negative control were used to prevent PCR ocornr
tamination. The target product of PCR was recovered from
1.0% agarose g usng PCR fragment recovery Kit
(Takara) , and ligated into pGEM - T Vector , then trans
formed into the E. cdi JM109. Podtive recombinants
were identified with blue/ white screening.  Sequencing
was carried out on the Megabase 1000 sequencer with a
dye - labdled dd - NTP sysem (Amersham Pharmacia
Biotech) .
1.4 Sequence andyds

Sequence dignment was performed usng the Me
gAlign routine by Audd Method in DNASar package
(DNASTAR, Inc. , Madion, WI) , and datigtical andy-
dswas performed with the DNAQ ub package (Xiongeng
Cheng, Ithaca, NY) .
1.5 Gondruction of expresson vector

Arother pair of PCR primers (E1, 5 - GCGATC
CATGGGGGTGAGCGAGACAQCACCA - 3 ; E2, 5 -
QCGAATTCGACCCGACCAGICCG- 3') were desgned
based on the initid sequencing results (PCR product 412
bp) , tagging redriction Stesof BamH and EcoR  a
the 5 ends regectivaly. PCR anplification was performed
to obtain the whole NT - 4 gene including the redriction
dtes After the PCR product and pGEX - 4T - 3 (Phar-
macia Biotech) were digesed with BamH and EcoR
pGEX - NT - 4 was achieved with ligation, verified by
PCR and enzyme digedion. The obtained pGEX - NT- 4
was then trandormed into hog bacterial E. coi BL21
cdls
1.6 Bxpresson and purification of panda NT - 4 mature
protein

A dnge recombinant colony containing pGEX - NT
- 4 was picked out and inoculated in 5 m of 2 x YT
medium (1.6 % tryptone, 1.0 % yeas extract, 0.5%
Nad , pH 7.0) , a 37 overnight with vigorous agiter
tion. The culture was then diluted 100 times with fresh
pre - heated 2 x YT medium, and incubeated at 28 with
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shaking until the absorbance (600 nm) reached O.6.
IPTGwas added to the cultural lution to afina concerr
tration of 0.6 mM and incubation continued for an addi-
tiona 2 hours Bacteria oollection and lyds was under-
taken acoording to the GST Gene Fuson Sysgem Technica
Manua (3rd Edition) . GST- NT- 4 fuson protein was
purified from the supernatant of the bacterid lysate usng
Qutathione Sepharose 4B , and digesed with thrombin to
renove GST. Bxpressed product was visudized on 10 %
DS- PACE gd dained with coomasse brilliant blue
1.7 Biologca activity assy

The NT - 4 olution was derilized by filtration
through a 0. 22 mfilter. The biologicd activity was as
sayed by observing neurite outgronth from PC12 cells dter
the purified NT - 4 o the gant panda (10 ng) was
added. Cdlsliving in RAMI1640 with 15. 0 % FBS were
incubated a 37 in a GO, anogphere. Blank assay was
done with o NT - 4 added to the cells ™).

The DNA fragment including the sequence encoding
the NT - 4 nmoromer and hilateral sequence was anplified
successdully, udng primers N1 and N2. The sequences
determined from the 2 samples agree with each other conr
pletdy. The result of aignment showed that the smilarity
o the whole precursor sequence between the panda gene
and human honologue was 89. 5 %. There were 41 base
subditutions including 28 trandtions and 13 transver-
sons In the deduced amino acid sequence anadys's, only
6 *nxe mutations were found in al of the 41 mutations,
with nog of the amino acid subditutions occurring be-
tween two resdueswith smilar sde chains, that is, conr
Frvative subditutions The noromer darted dter an Arg
- X - X - Arg deavage squence, and the dx Cys
res dues gppeared in the same dtes as the human protein.
In addition, a threonine codon (including 3 consecutive
nucleotides) was found inserted in panda NT - 4 =
quence , and the mutation in 61¢ base introduced a new

2 RESWTS CQysreddue (Fig 1) .

1 GGGGTGAGCGAGACAGCACCAGCAAGTCGCCGGGGAGACCTCGCTETGTGTCATGCGETC
1 GVSETAPASRRGETLAVEDAYV

61 TGTGGCTCGGTGACAGACCGCCGGACAGCCETGGACCTGCGCEGGCETCAGGTGGAGGTG
21 d 6w VvVTDRRTAVDLRGRETVESF/

121 CTGGCTGAGGTTCCTGCCECTGGAGGCAGCCCTCTCCGCCAGTACTTCTTTGAGACCCOC
41 LGEVPAAGGSPLROQYFTFETHR

181 TGCAAGGCSACAGCGCCACCGAGGAAAGTGCCCCTOGTCGEE6TGEG6GAGGCTGCCEE
61 d x aDpsaTEESAPGCGCGCGCGCCIR

*

241 GGTGTGGACCGGAGGCACTGGGTGTCTGAGTGTAAGGCCAAGCAGTCCTACGTGCGGGCA
81 G VDRRHWYVSEKEKAKQSYVRA

301 TTGACCGCTGATGCCCCGGECCGTCTAGGCTGGCGATGGATTCGAATTCACACTGCCTGE
101 LT ADA ‘$ GRVGWRW¥IRIDTALW
361 GTCTGCACGCTCCTCAGCCGGACTGGTCGGGCC

121 vidTtirirsRrRTGR A

Fg 1 Nudeotiode sequence and the deduced amino acid sequence of the NT - 4 noromer o the gant panda
The Cys reddues are boxed; The dar refersto the inserted Thr resdue; The arrows refer to the sense mutations

© 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



16 Acta Theridogica Sinica 24

Primer pair El/ B2 introduced desred redriction
dtesof BamH | and EcoR | a the 5 ends of the NT - 4
gene successully. After the PCR product and pGEX - 4T
- 3 was digeted with BamH | and EcoR |, the desred
ligation forming pGEX - NT - 4 was achieved , and veri-
fied by PCR and enzyme digestion (Fig. 2) . Induced by
IPTG, the engineering bacteria (BL21/ pGEX - NT - 4)
yielded the fuson protein GST- NT- 4 of 40 kD , agree
ing perfectly with the expectation. Sl ubility analys sindi-
cated the expressed fudon protein was partiadly luble
(Fig. 3) . After digegion with thrombin and purificar
tion , we obtained panda NT - 4 a a concentration of 12
ug/ ml.

In the biologca assy, PC12 cdl divison sopped
following with augmentation of cel dze. In addition,
syngpse was observed , which was nog remarkable 72
hours dter the recombinant protein was added. No
synapse gopeared in the blank control experiment (Fg.
4) . The assays denondrated that the purified NT - 4
protein exhibited normal activity , which isthefirg gep in
developing a conprehensve gene thergpy for epilepsy in
the gant panda.

M

———

Fg. 2 PCRtes and redriction mgp of pGEX - NT- 4
M. DNA nolecular weight marker ; 1. PCR product of NT- 4 (412kp) ;
2.pGEX - NT- 4; 3. pGEX- NT- 4 dgeted with BamH | and EcoR |

kD

Han

Fg.3 DS- PAGE andyssd the expresson and purification
of the gant panda NT - 4

M. Protein molecular weight merker ; 1. Totd cel lystedf E. cdi BL21 corr
taning pGEX - 4T - 3withinductiondf IPTG; 2. Totd cdl lysted E. cdli
BL21 containing pGEX - NT - 4 without induction of IPTG; 3. Supernaant
o cdl lyste of E coli BL21 containing pGEX - NT - 4 with induction of
IPTG; 4. Sedimentation of cdl lystedf E. coi BL21 containing pGEX - NT
- 4 with induction of IPTG; 5. Totd cell lyste of E. coli BL21 containing
pGEX - NT- 4 with induction of IPTG; 6. Purified NT - 4 of gant panda.
The arrows refer to the expressed fuson protein GST- NT- 4

Fg 4 Biologcd activity assay of the exressed NT - 4 of the gant panda
a: Syngpe outgronth from PC12 cdls a three days dter addtion of
NT- 4; b: No syngpse outgroath from PCI12 cdlsin the blank control

3 DISCUSSION

NT- 4 belongs to the family of neurotrophic factors
(NTs) , which al play inmportant roles in the differentiar
tion, development , growth and regeneration of nerve sys
tem'*®]. Different NTswork in different ways The NT - 4

24 © 1995-2004 Tsinghua Tongfang Optical Disc Co., Ltd. All rights reserved.



1 Reo gang & a : BExpresson of Biologcaly Active Neurotrophin - 4 of Gant Panda in Escherichia cdli 17

protein has two receptors, low - dfinity p75 and high -

dfinity TrkB , athough it mainly works through activating
TrkB with autophoghorylation. The NT - 4 is found
widdy digributed in the centrd and periphera nervous
sytem!™ 81, During the development of nerve sysem,
NT - 4 can be secreted not only by pogsynaptic cells, but
d hy the neuron itself with autocrine™. In addition
the NT - 4 protein can a9 be obtained from the adjacent
cels, such as agrocytes, oligodendrocytes and microdia,,
with paracrine. Previous gudies indicated that the NT - 4
oould protect both hippocanpa and cortical neurons from
damage by excitation toxin and traumetic bran in
jury'™ ™ However | it is cumbersome and time - corr
suming to extract NT - 4 from panda ti ssues due to limited
quartities Therefore, it is necessary to produce NT - 4
through genetic eng neering methods

Bpilepsy is a goup o reated clinica syndromes,
invlving abrnormal neurodectrica activity. This hetero-
geneity poses many difficultiesfor therapy and prevention.
Sudies found that ssizure could induce the expresson
change of the NTs and their receptors (egecialy BDNF,
NT- 4 and their comon receptor trkB) in the prosen-
cephalon. This suggests that the NTs could play inportant
roles in the control of seizure®?!. Thus, NT- 4 ispo
tentidly dgnificant to cure the epilepsy if a proper form
and method of gpplication is developed.

Inour gudy, the gene coding for the NT - 4 was
cloned and expressed aiming a the epilepsy of the gant
pandas. Sequence analyss showed that only sx sense mu-
tations occurred in the 41 base subditutions, compared
with the mature panda NT - 4 protein of human. The ex-
pressed product in E. cdi was partidly sluble and the
activity determined by PC12 cdl line was ddinite. On
this condition , extringc NT - 4 could be used directly , or
the NT - 4 gene could even be inplanted with gene therar
py to accelerate nerve regeneration and induce the exten-
gon of dameged syngpses Asareault , the damege result-
ed from the epilepsy could be recovered. The successul
expresson of recombinant NT - 4 with intact biologica
activity now makes gene thergpy for the gant panda poss-
ble for the fird time.

Panda is © sendtive to dimulaion from enviror

ment. Panic, loudness and ome other grong gimulation
can al lead to the attack of epilepsy. This sudy of NT -
4 of the gant panda ams to make foundetion for the gene
thergpy o the panda epilepsy. We have obtai ned recombi-
nant NT - 4 protein of the gant panda with biologica ac
tivity in vitro. Further gudies will be carried out to test
the protective and redorative dfects of the NT - 4 on
ome nmode animals, like mouse that sufers from smilar
disease.

Present gudies of the gant panda mainly focus on
rearing, reproduction, and behavior , while very few -
forts on functional genes have been reported!®!. Above
al , this gudy may hdp enrich the conservation genetics
dudies related to the gant panda
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