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ABSTRACT

AIM: To obtain high-level expresson of nonfusion recombinant human bascfibroblast growth factor (rhbFGF).
METHODS: hbFGF cDNA was prepared from thetota RNA of embryonic brain tissue. As atemplate, the
obtained gene was used to cl one nonfusion rhbFGF. New primers were employed to ater the trandation initiation
region (TIR) and reduce the G+C content through nuclectide change. Using pET-3C as vector, the cloned rhbFGF
was expressed in BL21 (DE3). RESULTS: rhbFGF was expressed in E cdi up to 30 % of the tatdl cellular protein.
Cation exchange and heparin affinity chromatography were employed to purify thetarget protein from the superna
tant of becterialysate. The bioactivity of the purified rhbFGF was identicd withthe gandard bFGF. CONCLUSION:
Modification of TIR isan effective means to increase nonfuson expresson rate of recombinant proteins, such as

rhbFGF, in E coli.

INTRODUCTION

Human basicfibroblast growth factor (hbFGF) is
a potent mitogen for many mesenchyma or neuroecto-
derm-originated cells. Asasingle-chain protein, hbFGF
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has 146 amino acids and pl of 9.6, and M, is about
17 200. The hbFGF dDNA isa 155-amino acid variant.
Natural bFGF was isolated initidly from pituitary
extracts. Exogenoudy, bFGF can hed wound, cure
bone damage, graft vascul a, and regenerate lens, etc.
In addition, as neuronotrophic factor, bFGF plays an
important rolein nerve sydem. In animal study, bFGF
can prevent the brain from injury of ischemia and
reperfusion in ratg®.

It is dmost impossible to obtain sufficient bFGF
from animal tissues due to its extremely low quantity
and high expense. Therefore, genetic technology has
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been employed to produce bFGF at low cost.

In the last decade, insertion of a short exogenous
genein upstream of bFGF gene to produce recombi-
nant bFGF is a popular practice. Used this fuson
technique, the host rhbFGF peptide can be stabilized
and expresd effectively. However, fuson bFGF is
limited to only externa usein clinic due toits potentia
immunoreaction. Therefore, nonfusion rhbFGF is
preferred. Unfortunately, no nonfuson bFGF grain
with expression rate of above 10 % of tota cellular
proteinisavailable.

MRNA trandation efficiency is critical in foreign
gene expressonin E coli. Trandationinitiation region
(TIR) is defined as the beginning 70 codon-proxi mal
nucl eatide contai ning important information for expres-
son initiation?. Secondary structure of mRNA con-
trols gene expression. It has been well established that
therecognition of critica steswithin TIR by ribosomal
RNA can be serioudy dalled in an excessvely sable
secondary structure, and consequently the initiation of
trandation is impeded!?.

Evidences have shown that the reduction of G+C
content will decrease the sability of secondary struc-
turé¥- On the other hand, according to the codon pre-
ference of host bacteria E coli, the usage of preferred
codons will enhance thetrandation initiation'?.

Intergration of the af orementi oned factors modi-
fiesthe TIR. In this experiment, an appropriate ex-
pressonsystem includingpET-3c and BL21 (DE3) was
selected, the primer of changed stesis designed to con-
druct the TIR.

MATERIALSAND METHODS

Regriction enzymes Bgl Il, Nde I, and BamH |
wer e purchased from Takara Company (Japan). Taq
DNA polymerase wasfrom Promega Company (USA).
PCR purification kit, gd extraction kit, and Miniprep kit
for plasmid extraction were obtained from Qiangen
Company (USA).

Vector and host E coli grain, BL21 (DE3), and
expression vector, pET-3c, were provided by Bioengi-
neering Ingitute of Jnan University. Primer was syn-
thesized by Shanghai Bioasa Company (China).

RNA extracts and RT-PCR By usng acid
guanidium i sothi ocyanate-phenol -chlorof orm extraction
methods, the total RNA was prepared from 100 mg
human embryonic brain. Oligonucleotideprimers were
synthesized according to bFGF coding sequence. The
designed upstream primer, bFGF-F, is5 ATG CAGGCC
GGG AGC ATC3' accordingto GENBANK while the
down upstream primer, bFGF-R,is5 TCA GCT CTT
AGC AGA CAT 3. bFGF-R was used for reverse
transcription. PCR was conducted in a sequential
procedure: (1) 94 T_for 4 min; (2) 32 cyclesat 94 TC
for30s 60T for30s 72T for 30 (3) 72T for
10 min.

Modified TIR primer desgn The upstream
primer, bFGF-MF, is5 ATGC TAG CAT ATG GCT
GCT GGT AGT ATT ACAACCCTGCCGGCGCTG
CCGGAA GAT GGT GGT AGT GGT GCA TTCCCG
CCGGGCCACTTCAAG 3 . Thedowndream primer,
bFGF-MR, is5" TGCAAGA TCTTTAGCTCTTAGC
AGA CAT TGG AAG3' .

Sequence analyss Nucleotide sequence of the
modified bFGF was sequenced by Takara Company.

Congruction of expresson vector including
bFGF cDNA With RT-PCR bFGF astemplate and
bFGF-MF and bFGF-MR as primers, PCR production
was performed as follows: (1) 94 T for 30 min; (2) 32
cyclesat 94 C for 30s, 58 12 for 30 s, 72 1_ for 30
s, (3) 72 T for 10 min. The obtained product was cut
by Bgl Il and Nde |, and cloned into pET-3C to obtain
pPET-hbFGF (Fig 1-3).

Induction and expresson of rhbFGF The ob-
tained vector was transformed into BL21 (DE3). Cdls
were grown in LB medium with addition of IPTG at
mid-log time of cultivation. The level of expression
was determined using SDS-PAGE followed by
denstometor scanning (Fig 4).

Purification of recombinant bFGF BL21 (DE3)
cellswere harvested by centrifugation and ultrasoni-
caly ruptured. The supernatant of theliquid mixture of
the cell debris was fed to the appropriate chromatogra-
phy columns (Fig 4, 5).

Bioassay of mitogenicity of recombinant hbFGF
By usng MTT method, the mitogenic effect of hbFGF
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Fig 1. Theprocess of recombinant pET-hbFGF.

Fig 2. Analysis of pET-hbFGF by restriction enzymatic
digestion. Lane Marker: Lamda DNA/Hind 11l (Takara
Company). Lane?2: pET-3C plasmid. Lane3: pET-hbFGF
plasmid. Lane4: pET-hbFGF/BamHI+Hdel. Lane5: RT-
PCR production of hbFGF. Lane6 Marker: 100 bp DNA
ladder (Takara Company).

on 3T 3 fibrobl asts was quantified in a 96-well plate.

RESULTS

Reaultsof RT-PCR Asindicated in the agarose
gel, bFGF produced by RT-PCR was about 468 bp
(Lane5 of Fig 2).
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Fig 4. SDS-PAGE analysis of thebacteria lysate. Lane 1:
low molecular protein marker (PharmaciaCompany). Lane
2: control, BL21 (DE3)/pET-hbFGF. Lane3: BL21 (DE3)/
PET-hbFGF induced by IPTG in test tube culture. Lane4:
BL21 (DE3)/pET-hbFGF induced by IPTG in fermentation
culture Laneb5: purified hbFGF after two-stepspurification.

Induction, expresson, and identification of
rhbFGF Based on SDS-PAGE assay followed by den-
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Fig5. rhbFGF purified by cation exchange column (A),
then purified by heparin affinity column (B).

sitometry scanning, the amount of synthesized hbFGF
reached 30 % of the total cellular protein.

Purification of rhbFGF protein Using cation
exchange and heparin affinity chromatography, from
the supernatant of the bacteria lysate, the rhbFGF was
purified. Thepurity of the obtained rhbFGF was con-
firmed as high as 95 % by SDS-PAGE. Bioassay of
mitogenicity suggested that the bioacti vity of the ob-
tained rhbFGF wasidentica with that of the sandard
bFGF (not shown).

DISCUSSION

Mature bFGF is a single chain pol ypeptide with-
out glycosylation, and issuitable to be expressed in
E coli. Inthisstudy, BL21 (DE3) & pET-3C systems
are employed to express hoFGF. pET-3C vector con-
tains a promoter, which can be exclusvely recognized

by T7 RNA polymerase. BL 21 (DE3) isageneticaly
engineered E coli grain containing the T7 RNA poly-
merasegene with LacUV5 promotor. With pET-hbFGF
transformed into BL21 (DE3) vector, | PTG was uti-
lized to induce E coli to express T7 RNA polymerase.
The hbFGF gene was then transcribed through interac-
tion with T7 promotor.

Trandation efficiency of foreign genesin E coliis
grongly influenced by the secondary structure of TIR.
The rangeof TIR has not been grictly defined. Ganoza
et al suggested that the 70-mer-long AUG-proxima
nucl eoti des were important to initiate synthes s of
protein?.

In this sudy, the G+C content of the first 20
amino acids was esimated. The result showsthat up
to 78 % of the gene iscomprised of G+C. Thissug-
geststhat the steble TIR structure drameatically decreases
theinitiation efficiency of thetrandation. Therefore,
without the change of amino acid sequence, modifica
tion of TIR is necessary.

In our system, the upstream sequence rel ated to
AUG of hbFGF in pET-3c contains T7 promotor and
SD sequence. The eaborately designed T7 promotor
and SD sequence are not to be altered. Furthermore,
TIR in different genes has distinctive location. The
5 end of the hbFGF coding sequence was thusfocused.
Particular nucleotidesin thefirst 20 codons of the hbFGF
5 sequencewere modified.

Moreover, the codon preference in E coli mud be
considered. The excessve amount of the rare codons
in bFGF TIR reaultsin reduction of half-lifeof mRNA,
premature termination of the trandation, wrong frame
shift during the translation, etc®. Based on computer-
aided analyss, thegtart codon AUG isfoundin U type
structure. hbFGF mRNA is thus difficult to be
trandated. Therefore, an extralong primer was de-
sgned to cover 60 bp of the5 sequence of hbFGF.
More preferred codons were employed to minimize the
G+C content.

TIR modification isan effective tool to enhance
the expresson level of nonfuson hbFGF. However,
incluson body identified in E coli lysate impliesthat
rhbFGF can be obtained from both supernatant and in-
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cluson body. To increase rhbFGF concentration in . . s 2,

supernatant, further computer-aided experiments are \ 3,

necessary to evaluate different TIR models. ( \ 510632; 2
, 510641. )
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