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Abstract

Abstract

Energy shortage and environmental pollution are two of main challenges to
human being in sustainable development in China and the whole world. With the
increase of population and the sustainable development of modern industrial process, a
limited non-renewable fossil fuels such as coal has been unable to support the huge
demand for energy in the world. To developing the new, clean, environmental
protection and sustainable alternative energy become the main solutions to the two
challenges. Using the biomass which is widely existed in the nature as precursor,
through certain transformation and utilization, could transform solar energy into fuel
and harvest chemicals. Those biorefinery theory has been widely accepted and studed.
Lignocelluloses are the most abundant resources in the earth. To convert this kind of
cellulose to sugar by cellulases and then fermentated to fuel is the crucial technology
for bioenergy and biorefinery.

Escherichia coli (E. coli) has been widely used as the expressing system of
recombinant proteins in genetic engineering with its following advantages: a
well-studied genetic background, simple cultivation conditions, fast growth, low cost
and easy for scaling-up. Using this expressing system to express exogenous cellulases
become an important means for large-scale in ductrial production. However, there are
two shortages: one is the low activity of cellulase producted by E. coli and the other is
the limited ability of secreting macromolecules of E. coli, which need to break the cell
and collect the enzyme. Those process will increase the cost and reduce the enzyme
activity. In order to solve the problems, our studies have focusing on increased the
original activity and spontaneously released the enzyme. The major results are shown
as follows:

(1). This study used E. coli to express cellulase gene cel5 from Bacillus subtilis
DB168, the specific activity of recombinant cellulase was 1.471 U/mL. The random

mutation method, Error-prone PCR has been used to inprove the CMCase, All the
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mutant strains were screened by CMC plate and three strains with higher activity were
selected. From the sequencing of three positive strains and other two strains, the results
showed the direct mutagenesis points on G12D, B23T, K214Q, N140D, N170D amino
acids exist the key sites on Cel5 activity.

(2). Professor Y.H.P. Zhang has reported the mutation of K446E and K454E
could improve the enzyme activity of Cel5 from B. subtilis. We have done some efforts
to achieve the mutation on Cel5, but no satisfactory results obtained. Only one strain
showed the K446E amino acid mutated, but it had an extra 13 amino acids sequence
inserted.

(3). Because catalytic domain (CD) and cellulose binding modular (CBM) are two
critical points affecting cellulase activity, we devoted to self-assembly of the CD1
from cel5 and most effective CBM1, CBM2 from gene EG5, CBH1 of Trichoderma
reesei. The cellulase in plasmid pET28a did not show obvious expression through
SDS-PAGE analysis. When changed to construct the genes in plasmid pET32a, the
CMCase reached 1.692 U/mL, which is higher than that of the original gene.

(4). In order to solve the problem to harvest cellulases through cumbersome
process, fusion of lysis gene, i.e., E7 colicin to five callulases (cel5, CD1, E1, CD3,
KPEG) have constructed in pET28a and pET32a, respectively. The cell growth,
SDS-PAGE analysis and enzyme activity of all recombinant strains further induced by
L(+)-arabinose. As a result, the Ilysis module in pET28a-Bac-cel5-lysis,
pET28a-Bac-CD1-lysis and pET28a-KPEG-nosp-lysis worked successfully and cell
lysis to realease cellulases spontaneously. Comparing the difference between the three
successful strains and other strains, lysis gene E7 colicin functioned well only when the
isoelectric point of the recombinant protein is higher than 6.65. As a conclusion, the

higher the isoelectric point is, the better lysis effect the strain has.

Key words: Biomass; Cellulase; Directed evolution; Self-assembly; Simultaneous

release; E. coli
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