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Our Project

According to previous preparation, we express 
carbonic anhydrase in Escherichia coli and modify it 
by error-prone PCR, which is a widely used directed 
evolution technique. We obtain several mutants and 
measure their enzyme activity successfully. 

The structure of these mutants was predicted and 
analysed by means of bioinformatics. And we 
constructed phylogenetic lgenic trees of different 
species inc luding target  species of carbonic 
anhydrase. 

Background

• Microbial induced calcium carbonate precipitation 
(MICP) is a natural phenomenon that microorganisms 
form calcium carbonate deposits in their surrounding 
mic roenvi ronmen t  th rough metabo l i sm.  Most 
microorganisms in nature can generate cementation 
substances through their own metabolic activities, 
causing cementation between particles, thus improving 
the strength of soil and reducing its water permeability. 
M i c r ob i a l  c e me n t  ha s  t h e  ch a r ac t e r i s t i c s  o f 
environmental protection, economy and efficiency, and 
has become a research hotspot in the fields of biology, 
civil engineering and environment. 

• There are two key enzymes for biomineralization, 
namely urease and carbonic anhydrase.  Urease 
hydrolyzes urea to increase cell pH and carbonate 
concentration, forming alkaline conditions for calcium 
carbonate deposition.

• MICP research has been focused on screening strains 
with higher urease activity, in order to quickly produce 
CO3

2– by accelerating the decomposition of urea, but the 
activity of carbonic anhydrase of the strain has been 
ignored. 

Design & Results

Bioinformatics analysis of mASCA

• The gene sequence analysis(Fig.1) and 3D structure 
prediction(Fig.2) of mASCA was conducted with Phyer2 
protein structure server. After finding the populations 
with high sequence similarity using Blastp server in 
NCBI, the sequences were aligned and the tree was built 
us ing  the  ne ighbor  jo in ing  method  in  sof tware 
Mega(Fig.3).
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Fig. 3
 Evolutionary relationships of carbonic anhydrase of Aliivibrio 

salmonicida and other relevant species.

• The carbonic anhydrase of the target species Aliivibrio 
salmonicida has the closest evolutionary relationship with 
the protein corresponding to Aliivibrio fischeri, and the 
f u r t h e s t  e v o l u t i o n a r y  r e l a t i o n s h i p  w i t h 
Gammaproteobacterial bacterium. It is in a relatively late 
evolutionary position, and the gene separation is late from 
other proteins.

Analysis of physical and chemical 
properties of mASCA

• We mainly analyzed the effect of Ca2+ concentration on 
mASCA expression and found the optimum Ca2 + 
concentration. In conclusion, 110mg/L Ca2+ concentration 
should be selected as the value of the subsequent 
evolution and expression process as the most suitable 
choice.

Effect of Ca2+ concentration on bacterial growth

Effect of Ca2+ concentration on specific enzyme activity of CA

Design & Results

Analysis of error-prone PCR results

• We used the optimum condition of error-prone PCR with 
the number of cycles is 35 and the expected mutation 
value is 6 per 1000bp. 

Values of the enzyme expressed by the mutant bacterial strains and by the 
original bacterial strain.

• Then we constructed the plasmids that contained error-
prone PCR products and successfully transformed into E. 
coli  BL21. At last,  We determined the activity of 
recombinant enzymes obtained from 10 mutant bacterial 
strains and the original bacterial strain. No.0 is the 
original bacterial strain while the No.1 to No.11 are the 
mutant bacterial strains.

Discussion

• In this experiment, the carbonic anhydrase gene was 
successfully expressed and mutated. After mutating， 
the enzyme activity of Ep2 ncreased greatly, indicating 
that this method was effective in the evolution of 
carbonic anhydrase.

• At present, many researchers have used genetic 
engineering methods to heterologous express urease 
from different species，and previous studies have 
shown that urease is also feasible. Not only that, we 
as lo mutated the carbonic anhydrase gene in 
Escherichia coli  based on the error-prone PCR 
technology, and screened the mutant strains from the 
established carbonic anhydrase mutation library.

• Urease and carbonic anhydrase have synergistic 
effects in MICP, and both of them can produce 
mutations under error-prone PCR, which has a certain 
possibility of co-evolution. 

• In the future, we will sequence the mutants in order to 
identify the mutation sites and introduce mutated 
carbonic anhydrase gene and non-mutated carbonic 
anhydrase gene into Escherichia coli, and even use 
EvolvR system to conduct multi-window directed 
evolution of the urease gene, so that the evolved 
urease and carbonic anhydrase can cooperate in MICP. 
It may improve the relatively low urease activity in E. 
col i  and improve  the e ff ic iency o f  bac te r ia l 
mineralization, which is more efficient and suitable for 
laboratory research or ecological engineering, civil 
engineering and other fields.
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