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Introduction 

 
Today in the world, land available for the construction 

are decreasing day by day due to industrialization and 

rapid growth of populations. Hence, peoples are moved 

to use problematic weak grounds for the constructions. 

Use of these problematic grounds for the construction is 

an engineering challenge due to associated low bearing 

capacity and excessive settlement. Hence, proper ground 

improvement is mandatory before the construction to 

ensure a safe and economical construction. Available 

ground improvement techniques have some draw backs 

including environmental issues. Mainly, chemical or 

cement grouts have been used effectively to treat loose 

sands. However, larger amount of CO2 is released to the 

environment during the cement production and most of 

chemicals use for grouting are toxic for the environment. 

Under these circumstances, some current geotechnical 

engineers are seeking for a biological approach as an 

alternative to the present grouting techniques. Among the 

bio-mediated soil stabilization techniques, microbially 

induced carbonate precipitation (MICP) has gained much 

attention as an efficient and ecofriendly ground 

improvement technique.  

In MICP process, biogenic CaCO3 is formed due to 

the hydrolysis of urea using enzyme urease which is 

produced by ureolytic bacteria as given in the equation 1-

3. Urease is a nickel containing multi subunit enzyme 

which is belongs to the family of amidohydrolases and 

phosphotriestreases (Holm and Sander, 1997). 

 

CO(NH2)2 + H2O
Urease
→    H2NCOO

− + NH4
+  (1) 

H2NCOO
− + H2O → HCO3

−  +  NH3                  (2) 

Ca2+ + HCO3
− + NH3 → CaCO3 + NH4

+           (3) 

 

A number of laboratory and field experiments have 

proved that MICP has capability to improve the strength 

and stiffness of soil effectively (Montoya & Dejong, 

2015; Dejong et al., 2014; Gomez et al., 2014). 
Therefore, now engineers are moved to think about the 

ways to improve the efficiency of the MICP process 

effectively and sustainably. Several attempts have been 

taken by adding some additives such as fiber, fly ash and 

magnesium. However, there are lot of pros and cons can 

be seen in using these additives. Introduction of the 

biomacromolecules into the MICP process would be an 

interesting approach which is closely related to the 

environment. In this research work, attempt has taken to 

introduce the biomacromolecules in to MICP process in 

order to improve the efficiency of the CaCO3 formation 

and enhance its applicability to soil improvement. To 

fulfill this purpose, experiments were carried out by 

using synthetic and natural biopolymers. Also, 

introduced a novel fusion protein which can be used to 

facilitate the organic-inorganic hybrid material 

formation.  

 

Effect of synthetic polypeptides on the 
CaCO3 formation and sand solidification 
using MICP method 
 

Synthetic polypeptides are linear polymers consisted 

with repeating sequence of certain amino acids which are 

linked by peptide bond and which can be functioned 

similar to the natural polypeptides. In the current study, 

effect of the cationic and anionic synthetic polypeptides 

on the MICP process was investigated. Poly-L-lysine and 

poly glutamate were used as a cationic and an anionic 

polypeptide respectively, to elucidate the effect of the 

polymers on CaCO3 formation induced by hydrolysis of 

urea by ureolytic bacteria, Pararhodobacter sp. CaCO3 

precipitation experiments were conducted in the presence 

or absence of poly-L-lysine/poly glutamate under 

different bacteria concentrations (OD600).  

Results revealed that precipitate increased with the 

bacteria concentration with and without polymer. 

Increase in urease activity with increasing cell 

concentration leads to increased precipitation, and causes 

rapid nucleation and growth of CaCO3 at high bacterial 

cell concentrations. Also, poly-L-lysine has positive 

effect on CaCO3 formation and gave higher amount of 

precipitate while no significant effect was found in poly 

glutamate addition. Electrostatic interaction between 

positively charged poly-L-lysine and negatively charged 

HCO3
− ions would lead to the enrichment of HCO3

− ions 

in local regions, resulting in CaCO3 crystal nucleation 

and growth (Xie et al., 2005). 

Morphology of the crystals were analyzed by using 

scanning electron microscope (SEM). Poly-L-lysine 

drastically changed the morphology of CaCO3 crystals 

into ellipsoidal shaped calcite crystals while 

rhombohedral or polyhedron shaped calcite crystals were 

dominant without additives as shown in the Figure 1. 

Morphology change would be mainly due to the change 

in the conformation of poly-L-lysine chain from random 

coil to α-helix under alkaline condition (Yao et al., 2009). 

In contrast, poly-glutamate inhibited the CaCO3 crystal 

nucleation and growth and stabilized the spherical 

vaterite crystals. Negatively charged carboxyl group in 

the poly-glutamate bonded to the Ca+2 in the solution 



easily and formed a large scale local supersaturation in 

the vicinity which led to formation of the vaterite 

crystals. 

 
 

 

Sand solidification experiments were conducted with 

and without poly-L-lysine under different experimental 

conditions. By reinjection of the bacteria, higher 

unconfined compressive strength (UCS) could be 

achieved than the bacteria inject once as shown in the 

Figure 2. Reinjection of bacteria after 7 days effectively 

maintained a high urea hydrolysis rate, which directed to 

higher CaCO3 precipitation and higher UCS. For all the 

cases, it can be seen that the strength of the sand column 

decreased from top to bottom.  This may be due to the 

higher urease activity near the inlet, caused by 

accumulation of the bacteria near the injection point.   

Most interesting finding is by adding poly-L-lysine, 

higher UCS value was achieved than that of without 

poly-L-lysine. Positively charged poly-L-lysine could 

possibly assist the formation of the better bridge between 

sand particles and cell surface, both of which are 

negatively charged. Also poly-L-lysine helps to increase 

the ionic strength of the solution and improves the 

adsorption of the bacteria on sand particles which 

assisted to have a better cementation (Nawarathna et al., 

2018).  

 

 
 

Effect of natural biopolymer on the CaCO3 
formation and sand solidification using 
MICP method 

 
Though cationic synthetic poly-peptide has positive 

effect on sand densification and CaCO3 crystallization, 

associated higher cost make it little inefficient. Chitin is 

one of the most abundant natural biopolymer available in 

nature mainly in exoskeleton of arthropods, marine 

diatoms, and certain types of algae (Nisticò, 2017). 

However, chitin has limited number of field applications 

due to its huge insolubility and complications in 

processing. Therefore, number of byproducts have been 

developed from chitin. Chitosan is one of the most 

important derivative of chitin which is obtained by the 

deacetylation of the chitin by chemical hydrolysis under 

different alkaline conditions or by enzymatic hydrolysis 

(Croisier and Jérôme, 2013). Chitosan was used as 

natural biopolymer for our experiments.  

CaCO3 formation catalyzed by ureolytic bacteria was 

examined as described in the case with poly-L-lysine 

with and without addition of chitosan. Higher amount of 

precipitate was obtained by adding chitosan than that of 

without chitosan. Precipitate with chitosan consisted 

precipitated CaCO3 and precipitated chitosan hydrogel. 

Chitosan formed its hydrogel under alkaline condition 

(Liu et al., 2015) created by the hydrolysis of urea. Weak 

alkaline condition is more favorable for chitosan to 

precipitate as its hydrogel by the hydrogen bonds and 

hydrophobic interaction between molecules (Nilsen-

Nygaard et al., 2015). 

According to the SEM images shown in Figure 3, at 

lower cell concentrations, rhombohedral calcite crystals 

was obtained along with chitosan hydrogel while 

distorted-shaped calcite crystals with poly crystalline 

particles were formed at higher cell concentrations. 

Chitosan could provide nucleation sites for CaCO3 

crystals to nucleate and growth. Also, distorted shaped of 

the crystals are due to the binding of the -OH and -NH2 

functional groups of the chitosan on to the surface of the 

crystals. 

 

 

 

 

 

 

 

 

 
 

 

Sand solidification experiments were conducted with 

and without chitosan under different chitosan 

concentrations and the different bacteria injection 

intervals. Figure 4 shows the estimated UCS values for 

all of the solidified samples. By adding chitosan, strongly 

cemented sand specimen could be obtained than that of 

without chitosan. Compare with the case of without 

chitosan, UCS of the top of the sample has been increased 

by 38 %. Chitosan hydrogel would assist to the formation 
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Figure 1: Morphology of the CaCO3 (a) Without poly-

L-lysine (b) With poly-L-lysine 
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Figure 2: Estimated UCS values of solidified sand 

samples 

Figure 3: Morphology of the CaCO3 with chitosan (a) 
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B- Bottom; M-Middle; T- Top of the sample   



of a better bridge between sand particles and leading to 

better cementation and higher strength. Thicker hydrogel 

was formed under the higher chitosan concentrations, 

which led to form better bridge than the case with lower 

chitosan concentration.  

 

 

 

 

 
 
 
Development a novel fusion protein to 
fabricate organic-inorganic hybrid material  
 
Biominerals are organic-inorganic hybrid materials 

which is an essential component in living organisms to 

support specific functions (Kumagai et al., 2012). 

Compare with the non-biogenic minerals, biominerals 

have extensive physical and optical properties due to the 

incorporation of the organic materials. Hence, scientists 

have moved to mimic the concept of biomineralization in 

order to produce organic-inorganic hybrid materials. In 

this research, we developed a novel fusion protein which 

can be used to efficient precipitation of CaCO3 on the 

chitin matrix. Proposed protein was constructed by 

introducing calcium binding peptide (CaBP) into the 

chitin binding domain (ChBD). ChBD from the chitinase 

A1 from Bacillus Circulans WL-12 (Hashimoto et al., 

2000) was used as ChBD and as CaBP short sequence 

peptide which has been derived from the phage display 

technology was used (Gaskin et al., 2000). The gene for 

target fusion protein (CaBP-ChBD) was constructed and 

the target protein could be successfully expressed in E. 

coli. 

Ability of CaBP-ChBD to bind into the insolouble 

chitin was analyzed by measuring the protein 

concentration of the mixture of fusion protein and chitin 

with time. It was found that 80% of the CaBP-ChBD was 

bound to chitin particles within 3 hours. Interaction 

between the CaBP-ChBD and the chitin is most probably 

hydrophobic interaction. Similarly, Calcium binding 

assay was conducted by introducing CaCO3 into the 

CaBP-ChBD. Thirty percent of the CaBP-ChBD was 

adsorbed into the CaCO3 within 24 hours.  

CaCO3 precipitation experiments were conducted by 

hydrolysis of urea using extracted jack bean urease with 

and without addition of chitin and proteins (ChBD, CaBP 

and CaBP-ChBD). By adding chitin, small increment of 

the precipitate could be obtained than the case of without 

chitin. However, in the presence of protein, amount of 

precipitate increased drastically with and without chitin. 

Increment is more significant with the CaBP-ChBD and 

55% of the increment could be obtained. However, it was 

25% and 18% with ChBD and CaBP respectively. The 

behavior of the CaBP-ChBD mostly related to the amino 

acid sequence of the CaBP-ChBD. CaBP used in this 

experiment rich with the basic amino acid residues and 

poor with the acidic amino acid residues. This can be a 

one reason for the higher performance of the CaBP-

ChBD during the CaCO3 formation. It has been reported 

in the literature basic amino acids promote the CaCO3 

crystallization while acidic amino acids inhibit the 

CaCO3 crystal nucleation and growth (Njegić Džakula et 

al., 2018). However, only CaBP didn’t contribute 

significantly to the CaCO3 formation. Hence, associated 

ChBD would have a considerable influence on the 

formation of the CaCO3. Instead of the CaBP-ChBD, 

ChBD itself has an ability to upgrade the CaCO3 

formation. It is difficult to give exact reason for the 

behavior of the ChBD, however in nature CaCO3 

biomineralization mostly associated with the chitin 

binding protein or chitin. In the exoskeleton of the 

crustacean (Raabe et al., 2005) and the nacre of the 

mollusk shells (Sun et al., 2012), CaCO3 have been 

deposited upon the chitin matrix and this chitin matrix 

has a significant contribution for the morphology and 

polymorphism of the crystal.  

Morphology of the crystals changed drastically in the 

presence CaBP-ChBD into the ellipsoidal and dumbbell 

shaped crystals. Same morphology could be observed in 

the presence of ChBD also. With CaBP-ChBD chitin 

particles were completely covered with the dumbbell 

shaped CaCO3 crystals while without CaBP-ChBD fewer 

number of rhombohedral crystals have been deposited on 

the chitin particles. Formation of dumbbell, ellipsoidal 

and rod shape crystals are mainly due to the reassemble 

of the rhombohedral crystals and elongated into the C 

axis when the crystallization take place in the presence of 

low molecular weight additives (Didymus et al., 1993). 

 

Conclusion 

 

Effect of the biomacromolecules on the CaCO3 

crystallization and sand solidification was analyzed by 

using MICP method and found that poly-L-lysine 

promoted the CaCO3 crystal nucleation and growth and 

changed the morphology of the crystals into elipsoidical 

shaped aggregates. However, poly-glutamate exhibited 

negative impact on the CaCO3 crystallization and it 

inhibited the CaCO3 nucleation and growth and stabilized 

the vaterite crystals. In addition, by adding poly-L-lysine 

strongly cemented sand specimen could be obtained than 

that of without poly-L-lysine.  

Similarly, chitosan has positive effect on CaCO3 

crystallization and formed chitosan hydrogel act as a 

template to CaCO3 crystals to nucleate and growth. Also, 

chitosan hydrogel assisted to form a better bridge 

between the sand particles during the sand solidification. 

Therefore, well cemented sand specimen could be 

obtained by adding chitosan.  
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Novel fusion protein (CaBP-ChBD) was developed 

and expressed into E.coli successfully. CaBP-ChBD has 

better ability to bind into the insoluble chitin and it 

improved the efficiency of the CaCO3 formation by 55%. 

Morphology of the crystals also changed drastically into 

the dumbbell shaped crystals. Due to the excellent 

behavior of the CaBP-ChBD, it can be used in the 

geotechnical as well as biomedical engineering fields in 

order to develop organic-inorganic hybrid materials.  
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