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Abstract: 
Display of peptide sequences on the surface of bacteria is a technology that offers exciting applications in 
biotechnology. An interesting application area is the display of metal-binding peptide on the surface of bacteria for 
sequestration of toxic metals in water and waste water.CS3 pili is surface organelle of Enterotoxigenic E.coli and 
suitable system for display of heterologous peptide. 
 In this study a novel cell surface display system for metal uptake was developed using CS3 pili. Hexa histidin 
peptide was displayed on the surface of  E.coli, This peptide was used for the reason that it is good chelater for 
divalent metal ions. The recombinant bacteria could find use in uptake of heavy metals from environment. 
Key word: bacterial display, CS3pili, biosorbent. Hexa histidine   
Introduction: 
A rapidly emerging research field involves bacterial surface expression of metal binding 
peptides for generation of potential novel biosorbents to remove the toxic metals from waste 
water. Bacterial sequestration of toxic metals has previously been investigated using 
nonengineered bacteria, but recombinant DNA technology offers the possibility of improving 
the metal binding capacity of the bacteria (Wernerus,2004 , Gadd, 1992)Surface display of the 
metal-binding peptides / proteins might be beneficial if the bacteria are to be used as 
bioadsorbents in the bioremediation of industrial waste water. Histidine-rich metal binding 
peptides have frequently been used to create more potent bioadsorbents (.Sousa, 1996 Kotrba, 
Xu and Lee, 1999). 
Several bacterial display systems based on the outer membrane proteins, fimbriae and flagella 
have been developed (Wernerus, 2004). Fimbriae have some advantages over other carrier 
molecules because they extend from the bacterial surface and readily accessible to the 
environment. In addition, fimbriae are also composed of hundreds of identical subunits and may 
be presenting in large on the cell surface. A suitable system for display of heterologous peptide 
is CS3 fimbriae.CS3 tolerates insertions of heterologous peptides at permissive sites exposed to 
external medium without loss of function (Yakhchali, 1997, and Hosseini, 2003).In this study 
hexahistidin peptide was cloned into CS3 operon and expressed as a CS3 hybrid pili for 
adsorption of heavy metals.  
Material and Methods: 
Strains, plasmids and general procedures; E.coli K12 strains DH5α and TG1 were used as 
the recipient of all plasmids. Plasmid pPM4556 and pPM4567 containing mutant of CStH 
(Major fimbrial subunit) and CS3 operon were used for construction and expression of 
CStH::his6 respectively. CFA medium (Casamino acids l0gr, Bacto yeast extract 1/5gr, MgSo4, 
3H2o 0.05gr Mncl2, 4H2o 0.005gr, ddH2o 1litre) and LB medium were supplemented with 
200mg/ml Ampicilin were used for culture of bacteria and expression of hybrid Cs3 pili. 
Recombinant DNA techniques were carried out according to standard protocols (J.Rook and 
D.Russel, 2001). 
Construction and expression of hybrid CStH:: His6 protein;Permissive sites of the CStH for 
insertion of foreign peptide have been determined using protein analysis programs (Saffar, 
2003).  
The PCR reaction was done with M13 forward primer and CTA GTC TAG ATG GTG ATG 
GTG ATG GTG TGT ATC AGA AAC ATT TGT ACT primer containing His6 and PFU DNA 
polymerase at 52° C annealing temperature. 
Plasmid pPM4567 containing CSt operon was digested with Aoc1 and BamH1 enzymes. The 
4295bp DNA fragment containing assembly genes of CSt operon was isolated and fused to the 
CStH hybrid gene to introduce hybrid CSt operon.Accuracy the cloning was checked with 
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restriction enzyme analysis.  Expression of His6 and CS3 hybrid pili were monitored by dot blot 
analysis.  
Bacteria harboring hybrid CSt operon was cultured on CFA agar for expression of pili. Whole 
cell bacteria and crude hybrid pili (Yakhchali, 1997) were transferred to two individual 
nitrocellulose membranes. One membrane was used for detect on His6 and another for CS3. 
After drying and blocking with 5% skim milk  in wash buffer for 2h, one of the membrane was 
probed with polyclonal antiserum prepared against CS3 pilus and another with mouse anti His6-
proxidase conjugated Immunoglobulin and visualized with  solution of 4-chloro-1-haphtholwith 
hydrogen peroxidase and BM chemiluminescence Blotting substrate (POD) as enzyme substrate 
respectively. 
Results and discussion: 
By determining the expose area and secondary structure of CStH, five areas with high 
hydrophobicity and configuration as coil have been considered as permissive sites for insertion 
of foreign epitopes (fig 1). One of these areas was candidated for insertion of hexahistindin 
peptide.In the previous work a Xba1 site has been introduced in this area using site directed 
mutagenesis (Yakhchali, 1997). 
The PCR product containing His6 was digested with EcoRI and cloned at EcoRI, Sma1 site of 
CStH sequence. CStH::His6 was confirmed using standard recombinant DNA methods such as 
restriction enzyme analysis and sequencing. The plasmid containing hybrid CStH::His6 gene 
named Pys60. The Pys60 plasmid was digested with Aoc1, BamH1 enzymes and the large 
fragment was recovered. In addition, plasmid pPM4567 was digested with Aoc1, BamH1 DNA 
restriction enzyme. Assembly genes CSt operon that has a 4295 bp was recovered and cloned to 
the Pys60 as in frame fusion with CStH::his6. Cloning of the operon was confirmed with 
digestion by restriction enzyme and named as Pys75. 
Expression of hybrid CS3::his6:  bacteria harboring pys75 was cultured on the CFA medium 
.whole cell bacteria and hybrid pill preparation were blotted on to nitrocellulose membrane and 
reacted with polyclonal antibody against CS3 pilus (Fig 2). Expression of hybrid pili was 
monitored in compare to the negative (bacteria without CS3 operon) and positive (E.coli 
harboring pPM484 contain CS3 operon) controls. The results showed a strong reaction of the 
protein with anti-Cs3 indicating expression of the Cs3.In addition, expression hybrid pili in LB 
medium was investigated, Which was  low(fig 2). (Fig 3) shows the results of the dot blot of the 
whole cell bacteria and hybrid pili preparation probed with anti His6-peroxidase conjugated 
rabbit immunoglobulin. Expression of his tag was monitored in compare with the negative 
control (bacteria without CSt operon) and positive control (a pre approved his-tagged protein). 
The results showed the expression of the poly histidine as a hybrid protein. It was assumed that 
the hybrid pili were display on the surface of the E.coli due to the application of the whole cell 
bacteria on the nitrocellulose membrane and its reaction with anti-poly histidin. 
 The ability of the cells expressing CS3:: His6 to remove heavy metals are investigating. 
Insertion of a hexa his chain at a permissive site of the CS3 pilli showed the flexibility of Cs3 
for display of foreign peptide .Hexa his peptide was used for the reason that it is good chelater 
for divalent metal ions. This peptide has frequently been used to create more potent 
bioadsorbents (Wernerus, 2004).  
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Fig 1:permissive site for insertion of foreign peptide at CStH 
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fig2 : Dot blot analysis of  expressed  CS3  recombinant gene 1,2,3)whole cell of bacteria at CFA agar   4,5,)protein 
extraction of pili   6)positive control l 13)negative control 7,8,9) )whole cell of bacteria at LB  10,11,12) )whole cell 
of bacteria at CFA broth 
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Fig3: Dot blots analysis of expressed Hix6 recombinant gene. 1,2,3)whole cell of bacteria   4,5,6)protein extraction of 
pili  8)positive control l 7)negative control l 
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