
GeneDn: for high-level expression design of
heterologous genes in a prokaryotic system
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Abstract
Results: Based on the mathematical model of high-level
expression of heterologous genes in prokaryotic vector
pBV220, we developed a program GeneDn for high-level
expression design of natural and synthetic genes.
Availibility:  The program is written in Turbo Pascal 7.0. The
source code and related material are available upon request.
Contact: wujj@nic.bmi.ac.cn

Introduction

Due to its many advantages, Escherichia coli is still a valu-
able organism for the high-level production of recombinant
proteins. However, in spite of the extensive knowledge of the
genetics and molecular biology of E. coli, not every gene can
be expressed efficiently in this organism (Makrides, 1996).
Among the factors regulating gene expression, the secondary
structure of translation initiation region, the promotors, the
Shine–Dalgarno sequence, the codon usage, and the number
of bases between SD sequence and initial codon ATG are
widely investigated. However, all these conclusions are
qualitative and analyzed separately. In order to investigate
the comprehensive effects of these factors, a mathematical
model of high-level expression of heterologous genes was
constructed (Li and Wu, 1997).

Algorithms and implementation

In order to construct the mathematical model (Li and Wu,
1997), we collected relevant data from 22 heterologous genes
expressed in pBV220 vector and classified them into two
groups. If the expression level of a heterologous gene is
greater than or equal to 20% of the total cellular protein, it is
called high-level expression; otherwise, it is called low-level
expression. In 22 heterologous genes, there are 13 genes be-
longing to the high-level expression class and nine genes
belonging to the low-level class. Based on this classification,
we obtained the following comprehensive equations

LESC = –13.64013 + 12.85459 ×X – 0.36121 × G5 –2.03769 × G3 (1)

HESC = –21.82053 + 16.42926 ×X + 0.29896 × G5 –2.84227 × G3 (2)

where X is a CAI value for the 18bp of 5′ end of the hetero-
logous gene, and G5 and G3 are the free energy of the
secondary structure of the regions –30 ∼ 39 and 30 ∼ –39 of
5′ and 3′ ends respectively (5′ region –30 ∼ 39 stands for the
30bp in the vector just before initial codon ATG and 39bp in
heterologous gene including initial codon ATG. 3′ region
30∼ –39 for the 30bp in the heterologous gene including
TAA and 39bp in the vector just after terminal codon TAA).
If the heterologous gene inserted into the pBV220 vector
satisfies the following conditions: the number of bases
between the Shine–Dalgarno sequence and the ATG is from
5 to 11, G5≥–4.0 Kcal/Mol, G3≤–11.4 Kcal/Mol (i.e. the goal
is to have a weak secondary structure in the 5′ end and a
strong structure in the 3′ end), LESC<HESC and the three
codons in 3′ end (including TAA) are codons with high
RSCU value (RSCU:relative synonymous codon usage,
Sharp and Li, 1987), then high-level expression can be
obtained and the expression level is more than 20% of the
total cellular protein. The correct rate of backward analysis
for selected 22 heterologous genes is 95.5% (i.e. 21/22). In
addition, four other heterologous genes expressed in
pBV220 vector have also been correctly classified.

Based on the above model and the following data and
methods: REBASE (Roberts and Macelis, 1997), the
sequence of pBV220 vector (Zhang et al., 1990), codon
adaptation index (CAI, Sharp and Li, 1987), Turner free
energy‘s rule (Zuker, 1989), the method for ambiguous match
(Raghava and Sahni, 1994) and the prediction of RNA
secondary structure based on the random stacking of helical
regions with discriminate level α=0.01 (Li and Wu, 1996,
1998), the program GeneDn for high-level expression of
heterologous genes including natural and synthetic genes was
developed which mainly contains the following procedures.

At first, GeneDn reads the protein sequence into the com-
puter memory in text file or SWISS-PROT name. The output
of the GeneDn is an exact DNA sequence retranslated from
the protein sequence which is ensured to accommodate as
many unique restriction sites for ‘modular mutagenesis’ and
codons with high RSCU value as possible. Then, two restric-
tion endonucleases not found in the exact DNA sequence
from the multiclone sites of pBV220 vector are selected as
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the 5′ and 3′ end endonuclease sites of heterologous gene and
a recombinant plasmid was constructed. The secondary
structures of the regions –30 ∼ 39 and 30 ∼ –39 of 5′ and 3′
ends are considered and their free energy is indicated by G5
and G3. At last, the codon adaptation index X of 18bp of the
5′ end is calculated. If G5, G3 and X satisfy the condition of
high-level expression of heterologous gene, the process of
gene design is completed. Otherwise, automatic and manual
methods including the replacement of synonymous codons
or point mutation are used to adjust the secondary structure
of 5′ and 3′ ends.

In order to demonstrate the ability of the program GeneDn,
the design of Human CD28 (SWISS-PROT CODE:
CD28_HUMAN) is computed. Here we specially introduce
the design of high level expression of ricin A chain.

When the ricin A chain was inserted into the pBV220
vector directly between EcoRI and BamHI sites, we
observed no expressed protein on SDS-PAGE compared to
the marker. When we analyzed the 5′ and 3′ RNA secondary
structure with GeneDn, we obtained the data (G5=–4.4
Kcal/Mol, G3=–11.2 Kcal/Mol and X=0.2638) which is
consistent with the low-level expression. To obtain high-level
expression, we adjusted the secondary structure of the 5′ and
3′ ends of the ricin A chain by designing two PCR primers
based on the model and obtained the data (G5=–0.3 Kcal/Mol,
G3=–13.0 Kcal/Mol and X=0.2638). After a simple
calculation, we obtain LESC<HESC. Therefore according to
the model, the ricin A chain can be highly expressed with
expression level more than 20% of total cellular protein. In

fact, we have verified this and the expression level is 23% of
the total cellular protein (Pei et al., 1998).
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