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Abstract: All bacteria and archea (with few exceptions) have an outermost covering of ‘Surface’ layer proteins which is having 

unique property of  recrystallization or self assembly in suspension, in air-liquid or liquid-solid interphase and having uniform 

pore size (2-8nm). These proteins are having many functions on bacterial surfaces like adsorption of exoenzymes and protection 

of cell.  The unique properties of S layer proteins viz. uniform pore size, weak non covalent interactions, large surface area and 

to recrystallise on various surfaces (eg.copper grids, silica plates) can be used in applications, viz. ultrafiltration, vaccines, 

biosorption, immobilization and synthesis of  Nanoparticles. This review focuses on the general properties, methods of isolation, 

characterization and applications of S layer proteins specially in synthesis of inorganic nanoparticles, as they give uniformly 

shaped and sized tailor-made nanoparticles  when fixed on a inert surface (as uniform pores are present on their surfaces). 

Keywords: Bacteria, archea, S layer protein, tailor-made nanoparticles. 

 

I.INTRODUCTION 

While studying  bacterial surfaces, surprisingly,  it was found that, despite  differences between Gram positive, Gram negative 

and archeal cell surfaces, in all three types of bacteria, an outer membrane which is proteinaceous, interacts with external 

environment and is commonly known as S (surface) layer protein.[12] This is a crystalline structure contributing to 

approximately 15% of total bacterial proteins. Generally S-layer proteins are weakly acidic (pI 4 - 6) and contain a high 

proportion of uncharged non polar amino acids(Hydrophobic) as they are present on outermost surface of a bacterial cell and 

have very low or no Sulphur containing amino acids. Naturally their functions are determined based on the adsorption sites for 

exo-enzymes. They increase virulence in pathogenic bacteria and protect the bacteria from some bacterial parasites. This 

structure of S layer was first observed in bacteria of the genus Spirillum in 1953 [58],[68]. 

Crystalline structure and pore size (2-8 nm) of these S-Layer proteins have lead to several applications in many fields 

like, ultrafiltration, immobilization, vaccines, biosorption, and nanotechnology. This review reveals the study on S-layer 

proteins and their applications particularly focusing on synthesis of tailor-made nanoparticles.[39],[68] Nanotechnology is a 

study of production of nanopaticles (bottom up and top down) and their uses in the field of medicines, chemical sciences and 

molecular electronics. Conventional methods for synthesis of nanoparticles involve physical and chemical methods.[28] These 

can be partially replaced by using S-layer proteins, as they provide weak covalent interactions with a large surface to weight 

ratio and uniform pore size. Thus S layer protein on an inert surface, can act as porous surface of required shape and size. (as S- 

layer are having a property of recrystallization and form self assembled structures of various shapes with uniform pore size of 2-

8 nm).[53] S layer protein can form weak non covalent interactions which can act as adsorbent for a substrate (Salt form of 

inorganic material whose nanoparticles can be produced) and can be detached easily after nanopaticles formation.[11] 

 

II.UNIQUENESS OF S LAYER PROTEIN 

S-layer protein are the outer protenacious covering of all the bacteria with few exceptions. They are made up of single protein or 

glycoprotein specific for that particular bacteria. [50] .These proteins are arranged on a surface with a lattice symmetry which is 

of following types[53],[11] Fig. 1, 2 and 3 depicts the ultrastructure and properties of S layer proteins. 

1) oblique (p1, p2)  

2) square (p4),  

3) hexagonal (p3, p6)  

In archaea hexagonal symmetry is predominant [38]. S-layers are 5 to 25 nm thick, and they reveal a rather smoothouter surface 

and a more corrugated inner surface. In archaea pillar-like outgrowth were observed on the inner surface of S-layer lattices [33], 
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[43],[ 45],[ 46]. Molecular weight of S-layer is in the range of 40 -200 kda [68]. Promoters of S-layer gene are very strong 

because if bacteria have generation time of 20min and S-layer is fully covering the surface of Bacteria then it should be 

synthesized in a very short time, its rate is 500 S-layer subunits per second continuously incorporating in to the existing S-layer. 

[68] At neutral pH, crystalline structures of S layer proteins  are weakly acidic and content of hydrophobic amino acids is also 

high. Besides these general characters, there are some unique characters of S-layer proteins  which make them indispensable for 

the  synthesis of  tailor made nanoparticles. They are as follows- 

1)  They have a property of recrystallizing as closed monolayers onto solid supports, at the air/water interface, on lipid films, 

and on liposomes even after detaching from bacterial cell surfaces 

2) Pore size on S-layer are having uniform size (2-8 nm) and of same morphology 

3) Different functional groups are arranged in very precise fashion which provide uniform weak binding forces on S-layer 

proteins [68] 

 
 

Fig. 1 Self assembly of S layer protein in different phases a) in suspension b) in air liquid c) in solid liquid[15] 
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Fig. 2 Schematic drawing of different S layer lattice [10] 

 

 
 

Key- 

 

 
                              
Fig. 3 Schematic illustration of major classes of prokaryotic cell envelopes containing crystalline cell surface layers i.e.S-layer (glyco)proteins.[41] 
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III. ISOLATION AND CHARACTERIZATION OF S LAYER PROTEIN 
a) Isolation of S layer proteins 

For isolation of S layer proteins it is very important to detach it from the cell surface. It can be achieved by following 

methods  

1) Treating the cells with high concentrations of Hydrogen bond breaking (chaotropic)agents like guanidium 

hydrochloride or Urea[30] 

2) Using chelating agents like EDTA  [12] 

3) By altering the pH of the medium. [12] 

4) Breakdown of Peptidoglycan layer  by lysozyme [31] 

5) Treatment with LiCl followed by centrifugation [2, 62] 

6) By treatment with Glycin hydrochloride. [15] 

7) By applying pressure( 16,000 lb/in
2
) [15] 

 Extraction of S layer with guanidium hydrochloride leads to more loss of viability as compared to extraction with LiCl 

[62] 

 Most commonly applied methods for isolation are given below in fig.4 

 

                                        
 

 
Fig. 4 Methods of isolation of S layer protein 

 

 

 

By using Lithium chloride

Bacterial cells are grown for 18 hr 

Harvested and washed once with 
distilled water

10-15 mg of the moist pellet were 
suspended per ml of 5M LiCl and 

kept at 00C for 15min

Centrifugation were carried out at 
30,000g for 15 min 

Supernatant were designated as crude 
extract  (S layer envolopes)

By applying pressure

( 16,000 lb/in2)

Bacterial cells are grown for 18 hr(as 
older cultures may sometimes loose S 

layer, 

after harvesting washed with 20mM Tris 
buffer(pH8)

1 gm washed cells are resuspended in 
10ml 20mM tris buffer then DNase and 

RNase are added cell suspention is  
passed trough French pressure cell 3 

times by applying pressure( 16,000 lb/in2)

Intact cells are removed by 
centrifugation 6,000g 30min  

Supernatant is again centrifuged to 
collect S layer envolopes at 40,000 g for 

30 min
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After isolation it is necessary to purify S-layer protein for further characterizations. Some methods followed for purification are 
[15] 

1) Ultrafiltration  

2) Dialysis 

3) Column Chromatography( DEAE-Sepharose) 

B. Characterization 

S layer have to be characterized to understand their detailed structure of pores, their size and recrystallization pattern so that 

they can be used in different applications. Table 1 lists the bacterial strains with their strain no, S layer lattice symmetry and 

application. Because of very small size it is very difficult to characterize S layer proteins.Some techniques used for 

characterization are as follows: 

1) Chemical characterization is done by  SDS-PAGE gel electrophoresis to find out how many subunits are present in the 

protein and molecular weight of the protein[15],[ 62] 

2) Structural characterization is done by [42], [62] 

 SEM/TEM imaging of freeze-etched cells given in fig.5 and 6. 

 Negative staining  

 atomic force microscopy (AFM) 

 

 

   

 

Fig. 5 Computer enhanced TEM image of isolated S-Layer                     Fig. 6 Electron micrograph of a freeze-etched preparation showing a  

from D. radiodurans, from image at left. (Inset) Fourier   whole cell Thermoanaerobacter thermohydrosulfuricus  with a hexagonally 

transformation of image at left.[71]    ordered S-layer lattice. [31] 
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Table 1- List of bacterial strains with their strain no., S layer lattice symmetry and application[30], [32],[ 65] 
 
Sr. No. Species Strain Lattice 

symmetry 

Applications Reference 

1.  Aeromonas hydrophila TF7 L2  64 

2.  Aeromonas salmonicida A 450 L2  9 

3.  B. alvei CCM 2051 L2  Uultrafiltration 

Membranes 

 Vaccines 

 Act as Matrices  in 

functional molecule 

Immobilization,  

 Biosorption of metals 

eg.lead, Uranium, 

copper, Aluminium. 

 Synthesis of 

nanoparticles 

3 

4.  B.aneurinolyticus - L4 1 

5.  B.anthresis - L6 65 

6.  B.brevis CCM 1089 L2 30 

7.  B.cereus ATCC 4342 L4 16 

8.  B.circulans CCM 1084 L2 50 

9.  B.circulans CCM 2048 L4 50 

10.  B.coagulans E36-68 L2 48 

11.  B.fastidiosus - L4 20 

12.  B.licheniformis NM 105 L4 63 

13.  B.macroides Strain A L4 20 

14.  B.polymixa CCM 1459 L4 50 

15.  B.polymixa NCIB 4747 L4 8 

16.  B.psychrophilus W16A L4 20 

17.  B.schlegelii DSM 2000 L4 55 

18.  Bacillus sps. KL8 L6 25 

19.  B.sphaericus P-1S L4 26 

20.  B.sphaericus CCM2120 L4 50 

21.  B.stearothermophilus 39 strains L6,L4,L2 34 

22.  B.stearothermophilus PV72 L6 50 

23.  B.stearothermophilus E465 L4 60 

24.  B.stearothermophilus NRS 2004/3a L2 51 

25.  B.stearothermophilus 3a/V1 L2 51 

26.  B.stearothermophilus 3c/p2 L2 51 

27.  B.stearothermophilus PV72/p2 L2 51 

28.  B.thuringinsis 4045 L2 28 

29.  Campylobacter fetus,ssp.fetus  L4  Vaccines 5 

30.  Campylobacter fetus,ssp.fetus 23B L6 66 

31.  Campylobacter fetus,ssp.fetus 82-40LP3 L6 15 

32.  Campylobacter fetus,ssp.fetus 84-91 - 15 

33.  Corynebacterium glutamicum ATCC 17965 L6  42 

34.  Lactobacillus acidophilus ATCC 4356 -  Biosorption 7 

35.  Lactobacillus brevis ATCC 8287 L2  Immobilization 70 

36.  Lactobacillus helveticus CNRZ 1269 L2  36 

37.  Sufolobus acidocalcarius  L6  Synthesis of titanium 

nanoparticles 

68 

38.  Thermoanaerobacter kivui DSM 2030 L6  44 

39.  Thermus thermophilus HB-8 L6,L4  22 
L2-oblique, L4-square, L6- hexagonal  Note- Applications are generalised not strain specific 
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IV. APPLICATIONS OF S LAYER PROTEIN 

Uniform pore size and recrystallization property of S layer proteins leads to its wide applications in many fields. This 

applications can be broadly discussed as follows- 

 

a) Recombinant S layer proteins- 

Naive S layer proteins can directly be used or they can be genetically modified as recombinant proteins specially in 

Nanotechnology where they must be tollerent to exteme temperature and pressure conditions. Genetically modified S-layers 

have applications in various fields eg. SbsB-streptavidin fusion protein (fusion of S-layer protein from Geobacillus 

stearothermophilus and streptavidin expresed in E.Coli) have 80% biotin binding capacity. [11]  Recombinant S-Layer protein 

can act as  fluorescent Biomarkers, S layer proteins with controlled fluorescence properties can be constructed by Recombinant 

DNA technology. They can also be used for building nanopatterned biofunctional surfaces and in drug and delivery system [39] 

 

b) In Vaccines- 

S layer proteins function as virulence factor only in gram negative bacteria thus in them it can be used as vaccines as it has all 

the cell surface display molecules (epitopes). But for gram positive bacteria and some strains of gram negative bacteria (in 

which direct s layer is not much effective vaccine) modified S layers or recombinant S layer proteins can be used as vaccines. 

Examples of some S layer used as vaccines are B.antrasis ,Campylobacter fetus for chickens, Bacillus subtilis, clostridium 

tetani(recombinant). [23],[40],[68] 

 

c) In Biosorption- 

In this process many methodologies are applied for Biosorption of heavy metals acting as xenobiotics. S layer present on 

bacteria are having adsorbing capacity for heavy metals due to presence of surface motifs. It was observed that s layer of 

B.sphaericus strain JG-A12 has been found to show a high capacity of uranium biosorption. [35] Along with uranium, 

biosorption of copper, gold, and cadmium by S layer is observed [47] 

 

d) In immobilization- 

For immobilization matrices of 1-2 µ microparticles are required, thus S layer microparticlea (SMP) can be used. [49] 

Amperometric, and optical biosensors matrices can be constructed by using S layer proteins.[37],[39],[ 52] 

  

e) In Ultra filtration 

Fragments of S layer, layered on microfiltration membrane can be used in ultra filtration as they have uniform pore size. [70], 

[40],[25] This application can reduce the cost of ultrafiltration but is still in developing phase. 

 

f) Synthesis of Nanoparticles – 

Nanotechnology,  is the study of production and use of nanoparticles. Nanoparticles are the inoraganic nanostructures (size < 

100nm) of metals. Because of small size they are having greater surface area as compared to larger molecules hence are more 

reactive species. They are having vast applications in medicines, chemistry and molecular electronics.  

 

V.USE OF S LAYER PROTEIN IN PRODUCTION OF TAILOR MADE NANOPARTICLES 

Conventional physical and chemical methods used for the synthesis of nanoparticles are of two types top down and bottom up 

approach which involves very high temperature thermal cycles, reactions involving application of high pressures, requirement 

of vacuum chambers, which are not ecofriendly, and are having disadvantages like getting nanoparticles of broad size 

distribution(10-1000nm), varied particle shape, and impurities. Table 2 gives the general procedure followed for the chemical 

and physical synthesis of nanoparticles listing their advantages and disadvantages.  
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Table 2-General procedure followed for the chemical and physical synthesis of nanoparticles their advantages and dusadvantagesis as follows [27],[4] 

 
Sr. 

No. 

Method Advantages  Disadvantages Nanoparticles 

Synthesized 

a) Chemical Methods 

1) Chemical reduction 

 

Simplicity and 

availability 

large amount 

of admixtures remain in a 

colloid system along with 

nanoparticles, High temperature 

Au (2-5nm), 

Ag(3.3-4.8) 

2) Reactions in micelles, emulsions, 

and dendrimers 

synthesizing 

particles of definite 

sizes 

Temperature dependant stability 

and application of high pressure 

Bi(3.2nm),rhodiu

m(2-3nm), 

Cu(7nm) 

3) Photochemical and radiation-

chemical reduction 

No impurities, can 

be done in low 

temperature 

Radiations are used Ag(2-3nm),  

4) Cryochemical synthesis - Requirement of Very low 

temperature (4–12 K) reactor , 

difficult to determine reagent 

ratio, Varied particle size in 

micro and macro level 

- 

5) Sonochemical method 

 

Bimetallic 

nanoparticles can be 

synthesized 

particles of average diameter 

less than 50 nm can be 

synthesized 

Au-Pd, Fe, Cu 

6) Microwave method 

 

simplicity, 

ease of operation, 

high yield, short 

time requirement 

Particle size is large 

(90nm to 260nm) 

Cu 

7) Electrochemical method No vacuum systems 

like other physical 

methods, low costs, 

simple operation, 

high flexibility, pure 

product and 

ecofriendly 

Particle size is large 

(29nm to 200nm) 

Cu 

8) Solvothermal method 

 

Pure nanocrystals  

are synthesized 

High temperature and pressure 

requirement 

Cu 

b) Physical methods 

1) Pulse laser ablation/deposition 

 

Small particle size 

(2-50nm) 

Vaccume chamber and high-

power pulsed laser beam 

required 

Cu 

3) Pulsed wire discharge method 

 

high production 

rate and high energy 

eficiency 

Very expensive, Vaccume 

chamber requirement 

Cu 
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b) Biological Synthesis of Nanopartcles- 

These physical and chemical methods can be replaced by ecofriendly biological methods. 

The biological synthesis of nanoparticles which is still in developmental stages for large scale production of nanoparticles 

mainly involve biotransformation by live microorganisms or plant extract [54,30]. Which is requiring very large quantity of 

biomass of fungi or plant and nanoparticles formed are not uniform in size (12-25nm). A unique property of self assembly is 

depicated by S layer. Size of  pores of self assembled S layer ranges from 2-8nm hence the S layer lattices represent the perfect 

arrangement for metal assembly thus providing uniform nanoparticles on S layer template. 

Procedure for the synthesis of tailor-made nanoparticles from S layer proteins is given schematically in fig. 7 and 8. [56] 

 

 

                                          
                      

 

 

 
  

Fig.7 Flowsheet for production on tailor- made nanoparticles. 

 

S layer coated grids are dipped in a solution  containng metal  salt(eg. 
AgCl2 for  silver) or vapourized metal is passed from its surface so that it 

gates coated with Metal

modification of some groups on S layer( if required depending upon the 
metal whose nanoparticles are to be synthesised)

Recrystalization of this S layer protein on solid supprt like electron 
microscope grids, silica, galium arsenide, glass, carbon or polymers and 

chemically fixing the s layer on the support

Isolation of S layer protein

Physical/ chemical method

Bombardment of  radiations(eg. electrons) or reduction or oxidation of 
metal is carried out and  electron microscopic studies are performed to 

observe the nanopaticles formed  

Ecofriendly Biological method

Coated with  biomass of microorganism or Dipped in Plant Extract or 
in plate cotainig growth of microorganism in liquid media , electron 

microscopic studies are performed to observe the nanopaticles formed  
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Fig.8 Schematic illustration of metal nano-particle formation using S-layers 

 

VI. CONCLUSION 

S-layer proteins are surface proteins present on all prokaryotic cell surfaces with few exceptions. They have unique properties 

like self assembly/ recrystallization in solid- liquid and air interphases after detachment from the cell. After recrystallization 

they give uniform pore size in between 2-8nm and can reform in to wide variety of shapes. These properties make them 

applicable in various fields like vaccine development, biosorption, recombinant DNA technology, ultrafiltration and 

Nanotechnology.Synthesis of tailor made nanoparticles by using S-layer proteins is successfully done in case of Au [55] and 

many other metals.  

 

VII. Future Prospect 

In future we can hope for the development of ecofriendly Biological methods for nanoparticle synthesis by S-Layer proteins. 
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