
 

 

https://sid.ir/1790
https://sid.ir/1797
https://sid.ir/1798
https://sid.ir/1799
https://sid.ir/1800
https://sid.ir/1788
https://sid.ir/1703
https://sid.ir/1706
https://sid.ir/1708
https://sid.ir/1707
https://sid.ir/1789


Arc
hive

 of
 S

ID

   
 

  
   

 
  
 

 

Corresponding Author E-mail:  Mo.darbandi@um.ac.ir                                                                  1086 | Page 
                                                          
                                                                                                                                                                                                      
                                                                                                                                     

Available online at http://www.ijabbr.com 

International journal of Advanced Biological and Biomedical Research 

Volume 2, Issue 4, 2014: 1086-1089 

Effects of humic acid on Ti2O nanoparticle biosynthesized by Lactobacillus delbrueckii 
subsp. 
 
Mohammad Darbandi1*, Ali Reza Astaraei2, Alireza Karimi3, Amir Lakzian4 
 
1M.Sc. student of Soil Science Department- College of  Agriculture- Ferdowsi University of Mashhad- 
MASHHAD –IRAN. 
2Associate Prof of Soil Science Department- College of  Agriculture- Ferdowsi University of Mashhad- 
MASHHAD –IRAN. 
3Assistant Prof of Soil Science Department- College of  Agriculture- Ferdowsi University of Mashhad- 
MASHHAD –IRAN. 
4Prof of Soil Science Department- College of  Agriculture- Ferdowsi University of Mashhad- MASHHAD –IRAN. 
*Corresponding author: Email: Mo.darbandi@um.ac.ir 
  
ABSTRACT 
Biological systems provide many examples of specifically tailored, nanostructured molecules with highly 
optimized properties and characteristics. These biomaterials are composite materials and consist of an 
inorganic component and a special organic matrix. Crystalline bacterial cell surface layers (S-layers) are 
the outermost cell envelope component of many eubacteria and archaea and are composed of 2D 
crystalline arrays of identical protein or glycoprotein subunits. Present study was carried out to study the 
biosynthesis of Ti2O, in the presence of Lactobacillus sp with two concentrations (0 and 450µM) of 
humic acid (HA). The products obtained were analyzed with XRD and Dynamic Light Scattering (DLS) 
analyzes. Results showed that HA resulted in reduction of percentage of Ti2O particles under 30nm, also 
the percentage of Ti2O particles above 30nm was increased 
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Introduction 
 
Biological systems provide many examples of specifically tailored, nanostructured molecules with highly 
optimized properties and characteristics. These biological materials can be used in their native form 
directly extracted from the living systems, or they can be processed after extraction and modified to their 
desired form. Thus, the biological material can be seen as a nanophase system in its own right and as the 
starting point for producing other novel nanophase systems. The formation of these materials in vivo is 
often owing to a biologically controlled mineralization process that produces materials with well-defined 
characteristics. Many multicellular organisms produce hard materials, such as bones, shells and spicules 
using inorganic materials to build complex structures (Lowenstam,1981). These biomaterials are 
composite materials and consist of an inorganic component and a special organic matrix; the organic 
matrix has a vital influence on the morphology of the inorganic compound. Single-celled organisms also 
use inorganic materials to produce cermet or orgmet composites, formed either intracellularly or 
extracellularly. Examples of biologically controlled mineralization in single-celled organisms are the 
magnetotactic bacteria, which represent a heterogeneous group of procaryotes with a variety of 
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morphological types. The vast majority of magnetotactic bacteria, including cocci and rods, as well as all 
cultivable vibrios and spirilla, are members of the α-Proteobacteria (Schueler et al., 1999; Spring, 1995) 
They all intracellularly synthesize magnetic nanocrystals in magnetosomes. The formation of magnetic 
particles within biological membranes is of great interest, and small highly uniform synthetic particles are 
grown under closely controlled conditions. Crystalline bacterial cell surface layers (S-layers) are the 
outermost cell envelope component of many eubacteria and archaea and are composed of 2D crystalline 
arrays of identical protein or glycoprotein subunits (Schultze et al., 1992). Humic substances, a common 
component of soil and natural water bodies, are the primary metal-complexing chelates and, hence, 
perform a vital function in the environmental fate, bioavailability, toxicity, and mobility of heavy metals 
in the biosphere (Lowenstam, 1981; Pinheiro et al., 2000) Liu and Gonzalez (Liu, 2000) and Jin et al. 
(1996) demonstrated that a high complexation capacity of humic acid for metals and the strength of 
binding is in the sequence of Pb > Cu > Cd. Liu and Gonzalez (Liu, 2000) also showed that pH and ionic 
strength are the most important variables in controlling metal complexation with humic acid. Titanium 
dioxide (Ti2O) nanoparticles form may be one of the most important materials for photocatalysts, 
cosmetics, and pharmaceuticals (Sun et al., 2004). In present study, Lactobacillus sp. was used to assess 
its potential as putative candidate bacterial genera for the synthesis of Ti2O nanoparticles (abbreviated 
hereafter n-Ti2O). Furthermore, we tried to explore the effect of Humic acid on Ti2O nanoparticle 
biosyntesis. This effort has also been made to understand the mechanism of nanotransformation of 
accomplishing biosynthesis.  
 
Materials and methods 
 
2.1. Synthesis of Ti2O nanoparticles using Lactobacillus sp. And humic acid 
Lactobacillus cells were allowed to grow in MRS Broth suspension culture for 36 h and this was treated 
as source medium. A small portion of medium (25 ml) was diluted four times by adding 75 ml of sterile 
distilled water containing nutrients. This diluted culture solution was again allowed to grow for another 
24 h. Now, 10 ml of 0, 4.5 mM of humid acid was added to the culture solution, then 0.025(M) TiO(OH)2 
solution was added to the solution. and it heated on steam bath up to 60 ◦C for 10–20 min until white 
deposition starts to appear at the bottom of the flask, indicating the initiation of transformation. Now the 
culture solution was cooled and allowed to incubate at room temperature in the laboratory ambience. 
After 12–48 h, the culture solution was observed to have distinctly markable coalescent clusters deposited 
at the bottom of the flask. 
2. 2. Preparation of Humic acid 
A humic acid stock solution was prepared by dissolving solid humic acid in water for 24 h under stirring 
and then centrifuging the solution to remove insoluble solids. Due to the limited solubility of solid humic 
acid, the actual dissolved humic acid concentration in the solution differed from the initial mass 
concentration and, thereby, was determined by absorbance measurement at 254 nm using a (WPA 
ligtwave_S 2000 UV_VIS spectrometer). Calibration was conducted using humic acid prepared according 
to the protocols in Saito et al.[8] and Shao-Wei Bian et. al. [11]. 
2. 3. Characterization 
The formation of Ti2O nanoparticles was checked by X-ray diffraction (XRD) technique using a X-ray 
Diffractometer (XMD300 Modle, UNISNTIS, Germany made, tube "Cu" detector "Ni") with CuKα 
radiation λ = 1.5405Ǻ over a wide range of Bragg angles (20◦ ≤2θ ≤80◦). Also the size of particles was 
checked by Cordoun Dynamic Light Scattering (DLS).   
 
Result and discussion 
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The results of DLS analysis presented in Fig.1 shows the HA resulted in reduction of percentage of 
particles under 30nm, also the percentage of particles above 30nm was increased. The increase in sizes 
may be due to the adsorption of HA onto the exterior of cells that may result in higher loading to the cells 
(Emile et al., 1999) it can explain the reduction in percentage of particles under 30nm. Metal complexes 
adsorbed to the surface of a bacterium in the process of food vacuole formation are subjected to acidic 
digestive processes (Fok, 1998) that may result in mobilization of metal bound to organic complexes, 
providing a mechanism for increased metal uptake in these organisms. Ultimately, since HA is competing 
with bacteria and extracellular polysaccharides for free metal, the proportion of metal associated with 
various compartments will depend on the relative number and strength of the binding sites on the HA, the 
bacteria and their exudates, as well as the environmental conditions such as pH and ionic strength (Emile 
et al., 1999). 

 
 

 
Fig. 1: DLS results of 0 and 450 µM of HA that added to Lactobacillus sample 

 
 
The X-ray diffraction profiles of Ti2O-nanoparticles synthesized by using Lactobacillus sp. and 
HA. (Fig. 2]. The XRD patterns showed the presence of broad peaks. The broad peaks indicated 
either particles of very small crystallite size, or particles are semi crystalline in nature. The lattice 
parameters as obtained for Ti2O-nanoparticles. 
 

 
Fig. 2: XRD pattern of Ti2O nanoparticle synthetized by Lactobacillus sp. in presence of HA 
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Further, the lattice parameters were found almost same for both the XRD pattern, they were 
found to vary at the fourth decimal place. The apparent particle size of n-Ti2O was estimated by 
analyzing the X-ray diffraction peak broadening, using Scherer's equation:  
                                              Ph k l = 0.89λ/β1/2 cosθ (1) 
where β1/2 = full width at half maximum. It is found that the size of the n-Ti2O estimated from 
the XRD data to be in fairly good agreement with the size estimated by the DLS analysis. 
Conclusion 
The present biosynthetic method is truly a green cost-effective approach, capable of producing 
Ti2O nanoparticles. The synthesis of n-Ti2O might have resulted due to pH-sensitive membrane 
bound and carbon source dependent Eh in the culture solution. 
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