
(
I

+

{

a

*

CHAPTER V:
0

DQ)'(4r MOLECULAR CLONING AND EXPRESSION OF- -^.[- - 
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5.0 ABSTMCT
A gene encoding the pre-pro-pediocin (pedA) was amplified in combination
with pedB using PCR technique from Ent. faecium FH-1 into E. coli ctoning
vector pTZ57R/T. The DNA fragment of 304 bp in size was subctoned from
pTZpedAB into the F. coli expression vector pRSET A. Nucteotide sequencing of
pRpedA/A confirmed the restoration of the reading frame. The protein

expression host, E. coli Bt21 (DE3) was transformed with the recombinant
ptasmid pRpedA/A and the T7 promoter was jnduced with 1 mM lpTG. The
presence of a 12.8 kDa fusion protein, tocatized in inctusion bodies (lB) at high
concentration, was confirmed by SDS-pAGE. ldentity of the recombinant fusion
protein, 6XHis-Xpress-PedA, after purification with Ni-NTA beads, was
confirmed by western btotting using anti-His antibody. Refotding of the
recombinant pediocin (rec-pediocin) sotubilized in 8M urea was carried out in a
refotding buffer consisting of 5 mM of p-mercaptoethanot and 1M glycine. The
resutts indicated that the refolded rec-pediocin etuted eartier on preparative

RP-HPLC than did the unfotded protein and moreover, exhibited antimicrobia.
activity against Listerio monolltogenes Scott-A. This activity was

approximately 25% less (per ng of protein, exhibiting definite zone of
inhibition) than that of the native oediocin.

The pedB gene coding for pediocin immunity protiin was amptified by PCR by

using the primers PED.IMM.F and PED.lrtAM.R bearing restriction sites Ncol anc

8amHl, respectivety. The PCR ampticon 336 bp in size obtained, was double

digested with Ncol/BamHl and cloned in-frame in the pQE60-HA tag vector,

that had been previousty digested with the same enzymes. The pQE60 vector

had been initiatty modified by addition of HA-tag at the C-terminal. end of the

cloning site, wherein the tag atlows immunological characterization of the

expressed protein. The recombinant ptasmid pQEpedll M was doubte digested

with EcoRl/Pvull and the released 1.2kb insert, sub-ctoned into the pUC19

doubte digested with FcoRl/Srnal. The nucleotide sequences of recombinant
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+ ptasmid pUCpedli4lil thus obtained confirmed restoration of the reading frame

in the pedB. The pQEpedlrViM recombinant was transformed into the E coli

M15 (pREP4) host and the gene was induced with 1 mM IPTG. Western btot

using anti-HA antibody indicated the presence of a 15 kDa protein as expected

and its multimeric forms of the recombinant protein in thb totat cett tysate,
albeit at low [eve[s.

It has been shown that the C-terminat of PedB is involved in biotogicat activity

and hence it was decided to fuse the tag at the N-terminal of pedB, to obtain

6Xhis-PedB fusion protein. The PCR primers, pedB.F and pedB.R as forward

and reverse primers respectivety bearing Pstl and EamHl restriction sites were

used for amptification of the gene. The ampticon and the pQE30 vector was cut

with the same enzymes prior to ligation. The recombinant ptasmid pQE3OpedB

was constructed and transformed into E coli M15 (pREP4) host and gene

expression was carried out by the addition of 1 mM IPTG. Expression of fusion
protein was analysed by SDS-PAGE. Ni-NTA purification of 6X His tag PedB was

also carried out. Dot-btot data indicated a high level expression of

recombinant PedB in induced cells as comoared to that in uninduced cetls.

Hydrophobicity profite of PedB protein indicated that there are atleast four

domains of amino acid sequence number 25-35, 40-60, 65-75 and 90-100

consisting of 10-20 amino acid each, representing membrane spanning

regions, which keep the protein in the cettular compartment and provides

protection by inhibiting pore formation in the membrane by its cognate

pediocin.
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3 5.1 TNTRODUCTTON Q
Antimicrobiat peptides, bacteriocins produced by l_AB have been the subject of
considerable research and industrial interest due to their potentiat as fooo
biopreservatives (Jack et ol. 1995; Nes et al. Z00Z). These ribosomally
synthesized antibiotics can be produced by heterotogous expression. The
devetopment of such systems offer a number of advantages such as higher
production levels over its native counterpart. Further, heterologous production

by food-grade LAB facititates biopreservative applications in food systems
(Axetsson et al. 1998; Rodriguez et a\.2002a). Moreover these proteins can be
obtained in targe quantities for their structural and biophysicat studies by the
recombinant route. E coli is the most widety and successfulty used host for
the production of large amounts of foreign protein for biochemicat/biophysica.

investigations. Recombinant proteins can be expressed in their native, active
states and purified by conventional means or by using purification tags. High
[eve[ of recombinant proteins expressed in E. coli tend to accumulate in
inctusion bodies (lB) due to the lack of required accessories for its fotding
into its native form.

Formation of lBs takes ptace mostly with cysteine containing proteins wherein

the reducing environment of the bacteriat cyiosot inhibits formation of

disutf ide bonds (Makrides 1996; Patra et a\.2000, Xie et al. 1998). However,

formation of lBs facititates easy and simpte recovery of highty expressed

proteins since they can be sotubitized by using high concentration of

chaotropic agents such as urea, guanidine. hydroctoride (Gdn-HCt),

thiocyanate,' satts, SDS, N-cetyltrimethylammonium chtoride and sarkosyl

(sodium f.,l-[auroy[ sarcosine), in combination with reducing agents like p-

mercaptoethanol, dithiothreitol and cysteine. The sotubitized proteins have

been refotded to their native state by using various refolding strategies.

These inctude the use of immobitized minichaperones, size-exctusion
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chromatography, redox- refotding buffer such as cysteine/cystine, glutathione

redox buffer etc (Litie et ol. 1998: phtra et at. 2000).

Antilisterial bacteriocin, pediocin PA-l disptays broad-spectrum bacteriocidat

activity against many Gram-positive and certain stressed Gram-negative

bacteria associated with food-spoitage and human pathogehesis. Bacteriocins

atso have potential application in controtting topical infections caused by

bacterial pathogens, and hence there is a need to produce these motecutes in'

a large scate for their potential applications (Mitter et ol. 1998). The

bacteriocin pediocin PA-1 operon encompasses four genes viz pedA, pedB,

pedC and pedD. These genes are transcribed as two overlapping transcripts

with a single promoter upstream of pedA (Marugg et ol. 1992; Venema et ol.

1995). Pediocin PA-1 is transtated as a 62 -aa precursor. This precursor

peptide is cleaved in wvo behind the double glycine residues of the teader
peptide, resutting in formation of the mature pediocin PA-1 motecute of 44 -

aa (Marugg et 01.19921. The peclD gene product is known to be essential for

the removal of 18 -aa teader peptide from the inactive pre-pediocin PA-1

precursor and generation of the active mature form of the peptide during

membrane translocation (Venema et al. 19951.

It is known that pedA and pedD are essential lor pediocin PA-1 production.

The pedA encodes the precursor of pediocin PA-1 and the pedD gene product

belongs to the group of ATP-dependant transtocators (Bukhtiyarova eL ol.

1994). However the functions of these gene products coutd not be estabtished

in Pediococctts because of ptasmid instabitity. Previousty, it has been shown

that pre-pediocin PA-1 can be secreted and processed in E coli in presence

ot pedC and pedD protein upon co-expression in the host (Venema et al. 1995).

Secretion and processing of pediocin requires a dedicated transport and

processing system comprised of an ABC export protein and an accessory

protein. lt is important that the use of these molecutes be exptored for the

heterotogous expression of pediocin. Pediocin has been heterologousty
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expressed in several strains of E. coli, Ped. pentosaceus, L. Ioctis. Lact. sake

etc., using the pedC and pedD genes. The antimicrobial activity of

heterologousty expressed pediocin was approximatety 25% less than witd type

(WT) to 2.5 fotd higher depending on the expression system (Horn et al. 1998).

Further, pediocin has been heterotogousty expressed usinggeneral secretory

pathways such as MBP-pediocin PA-1 in E. coli where in MBP-pediocin fusion

protein has been exptoited for screening of detetion mutants with varying.

antimicrobial activity and to demonstrate that the fusion of the mattose

binding protein to the signal peptide of prepediocin does not interfere with the

antimicrobial activity of the fusion protein (Ray et al. 1999). For heterotogous

expression of pediocin in LAB, the major drawback is that the pedA has to be

expressed in combination with pedB due to natural sensitivity of many of LAB

strains to pediocin (Axetsson et oI. 19981.

Pediocin immunity protein (PedB) is a 112 -aa protein with a deduced MW of

13 kDa, an isoetectric point of 8.10 with N and C-terminal domain possessing

hydrophitic pattern and central region that shows high degree of

hydrophobicity. Preliminary sequence analysis indicated that this protein does

not seem to be a membrane anchored lipoprotein and probabty coutd be a

membrane associated protein as seen in case of the Pepl immunity protein (Pag

et a|.1999). PedB has been heterologousty expressed using a strong

tactococcat promoter P32 in Ped. pentosoceus conferring resistance to,the

pediocin susceptibte host. Point mutations inducing frame-disruptions of the

pedB gene confirmed that PedB has a function in immunity (Venema et ol.

1995) .

'The immunity proteins of the pediocin famity range from 81 to 115 -aa

residues in size and disptay 5-85% sequence simitarity. Functional anatysis of

immunity protein of mesentericin Y105 and carnobacteriocin 82 indicated that

these proteins were located intracellutarty and their intracettular pool is
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divided into a smatt membrane associated

fraction. The C-terminal part of immunity

recognition of cognate bacteriocins (Dayem

Johnsen et a|.20041.

fraction and a large cytoptasmic
proteins are involved in specific
et al. 1996; Fimland et ol.20O7a:

a

The present literature suggests that mechanism of action / locatization of pedB

has not been demonstrated yet in detail. Further, there are no biochemicat
evidences showing its interaction with its target. such studies woutd need
production of large quantities of the protein that can be obtained through
heterotogous expression. computational anatysis provides an attractive toot for
the understanding of the structure and function of biomolecutes. The vast
data avaitabte in data banks facititates the analysis of structure and hetps
predict the functions of a given protein by comparison with those of a known
protein..

ln previous chapters, motecular and biochemicaI characterization ot
intergeneric pediocin PA-1 was carried out, Further, production of pediocin pA-

1 in WP medium by Ent. foecium PH-1 was demonstrated and its possibte use

for biopreservation was studied. This chaptei deats with the high tevet

expression of chimeric pediocin in E. coli, followed by a simpte singte step

purification and gtycine/ p-mercaptoethanol mediated in vitro refotding of.the

recombinant protein. Heterotogous expression of pedB in E. coli was also
carried out in order to obtain the pediocin immunity protein free from
pediocin. Further, computational anatysis of the deduced -aa sequences of

PedB was performed to predict possibte transmembrane domains and its

hydrophobicity profile.
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* 5.2 MATERIALS AND METHODS

5.2.1 Materials
5.2.1.1 F ine chemica ls
Ampicittin, Coomassie R250, PMSF, Triton X100 and TFA were purchased from

Sigma Co. (USA), IPTG, X-Gal, Getatin were purchased from'Himedia, Mumbai.

Ni2- beads were purchased from Qiagen (Hitden, Germany), p-mercaptoethanot,

DTT, lmidazole, TCA, Trizma-base and glycine were from SRL. BCIP, NBT'

reagents were purchased from Bangatore Genei.

5.2.1.2 DNA modifying "n-rrr", and antibodies

Restriction enzymes such as Accll, EcoRl, Pvull, Smal, Ncol, BamHl, Pstl (each

10U prt'l) were procured from Promega (USA). T4 DNA Ligase, (1OU Ft'l), CIAP,

1 U pl-l) from Promega (USA) and MBI Fermentas (Lithuania), respectivety.

Anti-HA epitope antibody was obtained from Boehringer Mannheim (Germany).

Anti-His"antibody was obtained from Research and Diagnostic Inc. (USA). The

secondary anti-rabbit lgG was obtained from Bangalore Genei.

5.2.'1 .3 Bacterial strains and cultivation medium
The bacteriat strains of E. coti DH5a, Bl21 (DE3): (FompT gol[don](lon) hso5o

1. _ (rB'mB', an E. coli B strain) a l" prophage carrying'the T7 RNA potymerase gene)

obtained from In Vitrogen (The Nethertands) and M15: pREP4, laclq (Qiagen,

. Germany) were used. These strains were grown in LB broth medium as give.n in

section (3.2.1.2). LAB strain of Ent. foecium PH'1 was grown in MRS broth and

. [ist. monocytogenes Scott-A was grown in BHI broth as mentioned previousty

(3 .2 .1 .2 ) .

a.
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|' 5.2.1,4 Plasmid vector

The E. co{i ptasmid vectors were used in this study are entisted in Tabte 5.1.

Table 5.1 : Vectors used for ctoning and expression of pediocin genes.

Vector Size (kb) and Purpose Reference/Source
selection marker

pUC19 2.6, Ampicitt in General Cloning New Engtand
vector Biotab

pTZ57R/T 2.6, Ampicittin PCR product MBI
cloning vector

pRSET-A 2.9, Ampicitin Expression vector ln Vitrogen

. pQE60 3.4, Ampicitlin Expression vector Qiagen

pQE30 3.4, Ampicittin Expression vector Qiagen

pREP4 3.7, Kanamycin RNA po(ymerase Qiagen
exoression vector

, 5.2.1. 5 Oligonucleotide primers

For the amptification of the pedAB gene, the fotlowing primers were used

' PedA.F 5' TTTGCCATG GAAAMATTGMAAATTAAC3' and
PED.IMM-R 5I CCC TTTATC AGG ATC CTT GGC TAG GCC 3'

. For the amptification of peclB gene the fottowing two sets of primers urcre

used. The restrictions site introduced are shown as bold italics.

Set l: PED.IIAM-F 5'GGG TGA ITC CAT 6GG TAA GAC TAA GTC GG 3'

PED.IMM-R 5'CCC TTT ATC AGG ATC CTI GGC TAG GCC 3' and

'  Set l l :  PedB.F 5 '  GGTGATTTGG ATCCIAAGACTAAGTCG3'

PedB.R 5'CCC CTI CTG CAGTAC TATTGG C3'
t
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The pedA gene amptifying the forward primer (PedA.F) was synthesized

by Sigma-Atdrich (USA) and the pedB gene amptifying primers were synthesized

at SRD, Frankfurt University, Germany. T7 reverse primer: 5'TM TAC GAC TCA

CTA TAG GG 3' (NEB 1248). This primer was provided by the DNA sequencing

facitity of DBT, New Delhi.

5.2.2 Methodology

5.2.2. 1 Molecular Biology techniques

5.2.2.1.1 DNA iso la t ion

Ptasmid DNA of pediocin producing strain of Ent. faecium PH-1 was isolated by
the method described previousty (Section 2.2.2.8.1). Ptasmid DNA from

recombinant E. coli was isotated by the method described by Birnboim anc

Doty (1979).

5 .2.2.1.2 PCR

Plasmid DNA of PH-l was used as a template for in vitro amplification. PCfl was

carried out using the standard protocol described previousty (section

3.2,2.6.5) for amplification of pedAB and pedB genes. The PCR components

and the condit ions were same as described in section 3.2.2.6.5.2 and Table

3 .2 .

5.2.2.1.3 Cloning and sub-cloning

The pedA and pedB genes were amptified together by PCR using primers

PedA.F and PED.IMM-R as forward and reverse primers and initiatty ctoned into

the pTZ57R/T vector and subsequently sub-ctoned into the Kpnll Hindlll site of

pRSET-A.. The subctoned fragment consists of gene coding for precursor

pediocin and the N-terminal portion of pedB gene.

The pedB gene amplif ied using primers PED.IMM-F and PED.I^M-R (set l) was

doubte digested with the enzyme Ncol and Bam Hl and gel purified using a

t

t

t

183



. l
I

Moleculor cloning ond expression of pedA ond pedB genes-

a-
Qiagen cotumn. lt was then Iigated to doubte digested (Ncol/BamHl),

dephosphorytated vector pQE6O.

The pecfB gene amptified using the primers PedB-F and pedB-R (set ll) was
double digested with the enzymes Bom Hl and Pstl and get purified using the

Qiagen cotumn. lt was then tigated to doubte digested (BamHl/pstl)

dephosphorylated vector pQE30. The recombinant ptasmid peEpedllAM was
double digested with the enzyme EcoRl and Pvull and the insert release
(-600bp) was gel purified and was tigated with the pUC19 vector which hao
atready been doubte digested with EcoRl/Smol and dephosphorytated. The
presence of recombinant ptasmid pUCpedimmQ thus constructed was confirmeo
by Accll digestion foltowed by get anatysis. pUCpedimme was subjected to bi-
directiona[ DNA sequencine.

5.2.2.1.1 DNA manlpulatlon

pUC derived recombinants were transformed in F, coli DH5cr and were selected

on LB agar, X-Ga[, Ampiciltin (100 pg mt-l) by btue/white screening as given in

3.2.2.6.3. E. coli DH5a was used for the plasmid amptif. ication and either Bt21

or M1 5 host was used for gene expression studies. The modified protocot

described in previous section (3.2.2.6.2) was used for the devetopment of

competency of E. coli strains.

5.2,2.1 .5 Gene expression studies

Gene expression was carried out using the inducer IPTG. The cetts were grown

ti[[ absorbance of 0.5 OD at 600nm. Subsequently,'1 mM IPTG was added and

the cett weie additionatty grown for 4 to 6h. . The expressed protein was

analysed.by SDS-PAGE and/or by western btotting described in subsequent

section.

I
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5.2.2.1 .6.Nucleotide sequencing and data analysis

3 For oligonucleotide designing, fusion protein transtation, nucleotide sequence

analysis etc. Clone Manager (Ver.5) programme was used. Nucleotide

sequencing of pedA gene was carried out at the DBT sponsored facitity at

University of Dethi, New Delhi and the pedB gene sequencing was carried out

at the University of Frankfurt/M, Germany.

. 5.2.2,1 .7 Computation analysis

Hydrophobicity ptot was determined by the method of Kyte and Dootittte
' (1982). The Tmpred was catculated using the programme availabte on the

web: www. ch. em bnet.org

t
5.2.2.2 Biochemical and i m munological techniq ues

5.2.2.2.1 RP-HPLC

Preparative RP-HPLC was carried out as described previousty for purification of

the pediocin (3.2.2.5.3). Refotded and unfolded rec-pediocins weie atso

anatysed by semi-preparative RP-HPLC.

5.2.2.2.2 SDS-PAGE

The procedure described by Laemmti (1970) was fottowed with certain
t - .

- modifications (Sambrook and Russell 2001). The stocks of acrytamide mixture

t (30:0.6%), 10% each of APS and sDS were prepared as described previously

(Section 4.2.2.5.2). Separating get buffer of 1.5M Tris HCt (pH 8.8) 'was

prepared. 1M Tris HCl. (pH 6.8) buffer was used for the stacking get buffer. Att
' 

the stock solutions except SDS were stored at 40Cj The components described

in Tabte 5.2 were used for the preparation of get-

The Tris gtycine buffer was used for etectrophoresis as a running buffer. lt

consists of 25mM Tris HCt pH8.3; 200mM Glycine and 0.1% SDS. Electrophoresis

conditions, staining, destaining was carried out as described previousty

t (Section 3.2.2.5.4).
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Table 5.2: Components of Tris Gtycine SDS-pAGE get

Components

(mt)

HzO

30% Acrytamide mix

1.5M Tris (pH8.8)

1M Tris (pH 6.8)

5D510%

APS 10%

TEMED

2.3

5 .0

2 .5

0 .1

0 .1

0.004

3..4

0.83

0.63

0.05

0.05

0.005

t
5.2.2.2.3 Protein dot-blott ing

5.2.2.2.3,1 Sample spotting

The total cell lysate was prepared in lysis buffer containing 50 mM Tris (pH
7.5),2 mM EDTA,2 mM P/r,\SF and 0.1% Triton X100) from the test sttain by
sonication, as described in 4.2.2.5,2. lt was spotted on nitroceltutose (NC)
membrane in different quantities, attowed to dry and was then used in reaction
with antibody. The membrane was rinsed with a 1x rris buffered satine-Tween
20 (TBST), containing Tris HCt 20mM, NaCt 0.9%, Tween ZO, 0.1% and pH
adjusted to 7.4 with HCl. The membrane was biocked by incubating with 2%
getatin (prepared in 1X TBST) for'lh. The membrane was again washed twice
with TBST buffer for 15min each.

5.2,2.2.3.2 Antibody reaction

* The piimary antibody (Ab) dituted 5000.times in igSf was incubated
with the membrane at room temperature (RT) with gentte shaking for
1-2h.

* The Ab solution was decanted and the membrane washed twice with

TBST buffer for '15 min to remove unbound Ab.

!

t
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* Subsequently, the membrane was incubated with the secondary Ab

(prepared in TBST 1:5, 000 ditution) with gentte shaking at RT for 1_2h.
n The Ab was decanted and the membrane was washed gentty for 30min

with TBST, with atteast three changes of the wash buffer.

5.2.2.2.3.3 Colour development
The membrane was equilibrated with atkaline phosphatase buffer for the
colour reaction. The buffer consists of:

1 NaCt 100mM
j

1 
mscrz 5mM

{ 
Tris HCI t00mM. The pH was adjusted to 9.5

Thb cotor was developed by adding 1 mt of 1x Bclp/NBT substrate and the
reaction was incubated in the dark. once the desired band appeared, reaction
was stopped by adding 200 pt of 0.5 M EDTA pH 8.0, in 50 mt of 0.9% NaCt or by
simpty washing the membrane with sterite distitted warer.

5.2.2.2.3.4 Electrophoretic transfer to proteins

The protocol described by Towbin et al. (,1979) was foltowed, with certain
modifications, for the electrophoretic transfer of protein from the acrylamide
gel to the NC membrane. The LKB 2117 Muttiphor l l  etectrophoresis apparatus
(Pharmecia) was used for this purpose. A fitter paper pad of Whatman No. 3
was prepared by cutting it to the exact dimensions of the gel to be
transferred. The NC membrane to be used for transfer was also cut to the
same size as the get. The Whatman No. 3 fitter paper and the membrane were
presoaked in Transfer buffer (TRB), containing:

Gtycine

Tris HCt

"|ir

.

p

3.09m

5.89m

0.379m

200 mt (was added Just before use)
The finat volume of the TRB was made to 1 titre us.ing doubte distitted water.

SDS

Methanol

\
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Eight strips of whatman paper (presoaked in TRB) were placed on graphite
t ptate (cathode). The air-bubbtes trapped inside were removed by rotting a gtass

rod over it- The NC membrane, which was charged by soaking in TRB, was atso

f/f€€e 8f {f""{it;r";;;"'r-p-.a'1"p,'on,iL.r,i'"a" prut". aoou" tnis, trre
protein gel detached from stacking get was ptaced. End eight presoaked
Whatman sheets were stacked on the gel. Above that, the anode graphite ptate
was mounted carefutty and the assembty was connected to the
etectrophoretic power supply.

current (0.8 mA/cmz)) was passed through the circuit for 90 min using a Nova
btot LKB apparatus. After the transfer, the stacks of the papers and the get
were removed carefulty the .ight side of the membrane was marked for
identification of the ends and it was subjected for immunotogical
characterization. The procedure for immunologicat detection was the same as
described in the section 5.2.2.2.3.2 and 5.2.2.2.3.3. .

{
I

5.2.2.3 N|-NTA purificailon

The Ni2. beads (size 45-165 pm) were washed twice with sterite water by
keeping the tube in ice and were equilibrated with the tysis buffer. These
beads were mixed with the cett lysate and/or supernatant and incubated at
40C for th with intermittent shaking.

5,2,2.4 Solubilization of lBs and purification of rec_pediocin
cetls were harvested by centrifugation and the cett pellet was washed with
0.9% NaCt and resuspended in 50 mM Tris, 2 mM EDTA, 2 mM pMSF and 0.1%
Triton X100 (pH 7.5). The resuspended cetls were broken down by
sonication for 1 min and freeze thawed twice at -200c. The crude rBs were
precipitated by centrifugation and the impurities sotubitized in 2M urea atong
with 0.1% Triton X-100 and centrifuged at 10, otio rpm. The resuttant pettet
was washed twice with sterite distitted water. The pe[et was resuspended in
5mM EDTA, incubated for 10-20min and was centrifuged. rt was washed with

:
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sterite water and partially purified lBs were sotubilized in different motar
strengths of Urea in 25 mM Tris at a pH range of 6 to 9; for studying
solubitization patterns and effect of urea on sotubitity in different motar
strengths ranging from 0 to 10 M at fixed pH. The absorbance was recorded at
280nm by using UV Spectrophotometer.

5.2,2.5 In Vitro refolding

The urea denatured, completety-solubitized lBs were refolded as described by
Eisenmesser et al. (2000). Essentialty, the urea dissotved lBs were susDendeo
stowty in the refotding buffer consisting of 50 mM Tris (pH 7.5), 50 mM NaCl,
1 mM EDTA, 1 M glycine, 5 mM p-mercaptoethanol and 5 mM immidazole anc
stirred for 18-20h at room temperature. Any precipitate that was formed, was
removed by fittration through a 0.45 p fitter and the fittrate was mixed with
the refotding buffer charged Ni2' beads. Nicket beads-bound-proteins were
removed by centrifugation and beads were washed with refolding buffer
consisting of 20 mM immidazote and pure 6X His tagged proteins were eluted
with 0.5 M immidazole in refolding buffer.

5.2.2.6 Protein estimation and pediocin assay

The proteins were estimated by the method of Bradford (1976) using
microassay described in section 3.2.2.5.4.

Pediocin was assayed for its anti-tisterial activity against List. monocytogenes
Scott-A by the method described previously (2,2.2.7.4).
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lloleculor cloning ond expression of pedA and pedB genes.

5.3 RESULTS AND DISCUSSION

i 5.3.1 Molecularcloningofpediocinstructuralgene

The pedA and pedB genes were amptified as described in section 3.3.12, by
using the primers PedA.F and PED.IMM-R. The diagrammatic representation of
cloning of pedAB gene from pediocin operon is presented in Figure 5.1. To
facititate further sub-cloning of pedA gene, the PCR product was purified and
ctoned into the T-tait (pTZ57R/T) vector. The putative recombinants

. (pTZpedAB) were setected by btue/white screening and white cotonies were
isolated and subjected to restriction digestion with Hindlll (Fig. 5.2A). The
results indicated that about 50% of white colonies reteased insert. lt was
expected that there was one Hindlll site each in pedB gene and in the vector.

tlz 
+!

t

ft

Figure 5.1: Gene organization for pediocin production. A to D are the genes
coding for structural, immunity, maturation and transport proieins,
respectively. Size of each protein is shown in number of -aa in each case.
Promoter (rectangle box) and terminator (tottipop symbot) is atso shown. Arrow
indicates the position of forward and reverse primers used for pCR
amplification of the pedAB gene.

M

B

bp
300
200
100

A

\

t

I
Figure 5.2: Motecutar ctoning of pedA gerr'e. a) Agarose get
etectrophoresis of the pTZpedAB recombinants 5y Hindlll digestion
confirmation of gene (insert retease) after sub-ctoning into pRSET A
Arrow indicates the desired size of band obtained. M is a 100 bo tadder.

( 1 . 5%)
and b)
vector.

c 1 2 3 4 5 6 7

190



f

liolecular cloning and epr.esstut of pedA and pedB gercs'

The Kpnl/Hindlll fragment from pTZpedAB was released, purified and ligated to

doubte digested (KpnllHindlll), CIAP treated vector pRSET A. Thus this

fragment consists of gene coding for pre'pediocin and the N-terminat portion

of pedB gene. The molecutar map of pRpedA/A (pRSET A vector harbouring

pedA gene) was constructed using the nucleotide sequences from the pediocin

operon (Marugg et al, 1992) and is shown in Figure 5.3. The features of the

same are shown in Tabte 5.3.

5.3.2 Construction of pRpedA/A recombinant

I
t

PRPGdATA

Figure 5.3: r,rorL6iut*ip of pRpedA/A

Table 5.3:Molecular features of

Type Start End Name Description

t Region

Gene

Gene

Gene

Region

Marker

Gene

88 96

112 119

169 193

227 416

237 271

239 271

1290 2150

Pn

6Xhts

Xpress

pedA

MCS

rp

btaR

IPTG inducibte PT7 promoter

Tag for affinity purification

Epitope for western analysis

Struturat gene for pre-pediocin

Muttipte cloning site

rep (pMBl)

AmoiciIt'in resistance

t l
I i  '
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u
il
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t
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*

The pedA gene is under the controt of pW promoter with 6X His-X-press tag at

the N-terminat of the pre-pediocin. The retease of insert 186 bp in size onty

from The pRpedA/A recombinant ptasmid after restriction digestion with

Kpnl / Hindlll verified the clone (Figure 5.28).

Pediocin is a small (4.2kDa) heat stable anti-tisteria[ bacteriocin. ]t is encoded

by a pedA gene as a precursor. Due to its smatl molecutar weight and the size

of the corresponding gene, ctoning by PCR is often difficutt. Therefore the
pedA gene was cloned in combination with the N-terminal of pedB in the

present study.

t
5.3.3 Nucleotide sequence analysis of pediocin fusion protein

The nucteotide sequences are presented in Figure 5.4. The deduced -aa

sequences are atso shown. As it may be seen the ORF of 6Xhis-Xpress-prepedA
is continuous. After initiation codon of prepediocin encoding gene gtutamic

acid (E) was incorporated due to change in one nucleotide in primer PedA.F.

The three different molecules of pediocin that can be expected are: 1.

prepediocin, 6.4; 2. matured pediocin, 4.6 and 3. chimeric pediocin, 12.8kDa

In the present study, the fusion tag was ctoned at the N-terminat of pedA

- because the C-terminal of the peptide is known to display antimicrobial
I

activity. Previous evidences shown in literature suggest that the N-terminat

of pediocin is involved in recognition of the receptors present in the indicator

strain. Prepediocin tagged to mattose binding protein disptayed activity (Mitter

et at 1998;Ray et ol. 1999). Figure 5.5 shows the -aa sequences of the ctoned

and expressed pediocin fusion protein. Sma[[ motecular weight peptides that

are generalty produced at a very low [eve[ as a secondary metabotites are

difficutt to purify.
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llolecular cloning ond expression of pedA aN pedB genes- il
TAR GSHHHHHHGIA

RWGSELEICSYLANASRFFA MEKIEKLTEK

scsvDwGKAT TCilNNGAMA WATGGHQGNH

ASMTGGQQIAG

El,lANllcGKlY

KC'44-

t

?

Fig.5.5: Amino acid sequences of the ctoffi
pediocin. Authentic portion of the sequences are shown in botd. The added
tags are in itatics and the changed nucteotide primers generated -aa in botd
itatics.

The Expression of such epitopes as a fusion protein is preferred to circumvent
these problems (Makrides 1996). construction of pediocin fusion protein.in the
present study was taken-up in order to produce pediocin in targe quantities
and to achieve high tevets of rapid purification.

4.3.4 Heterologous expression and analysis of recombinant pediocin

n

n

Figure 5.6: Analysis of total. celt tysate of pediocin expressing E coli
SDS-PAGE ('15%) anatysis of His6-Xpress-PedA recombinant in E coli 8t21. Lane
1, totat celt lysate prepared from 2h grown preinduced 14 recombinant. Lane 2,
lysate of 14 recombinant prepared directty in 1X loading buffer. 3, Sonicated
lysate of 14. 4, The pellet of sample 3 dissotved in 6 M urea; 5, supernatant of
sample 3; 6, lysate of 14 recombinant prepared same as lane2; and tane 7,
sonicated sampte as in [ane 6, centrifuged and. the pettet sotubitised in 6 M
urea. Lane 2-7 are induced with 1 mM IPTG andgrown for 4h (tane 2) and 6h
(tane 6). M is a medium range protein MW marker (Bangatore Genei), Arrow
indicates recombinant protein of the expected size (12.8 kDa), being detected
in protein solubitised by 8M urea from inctusion bodies.
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hlolecular cloning ond expression of pedA and pedB genes-

il After confirmation of the pediocin structurat gene and restoration of the
reading frame by sequencing, the recombinant ptasmid was transformed into
the E coli expression host Bt21 (DE3) and gene expression induced by 1mM
fPTG for 2, 4 and 6h. 821 host tranfomed with onty vector was taken as
control.

Protein from the total cell lysate was separated on a 15% denaturing get
(Figure 5.6). Hyperexpression of the protein of -12.8kDa (expected size) was
observed in recombinants induced with IPTG. However, un-induced
recombinant and induced vector were unable to synthesize a band of this size.
The precipitate obtained after centrifugation of recombinant bacteriat tysates
that had been induced was washed with 2M urea and dissotved in gM urea.
The proteins thus solubilised contained an intense 12.8 kDa protein band
indicating that the protein had been targeted to lBS. In the recombinant E.
coli. Induction with 1 mM IPTG for 4h atlowed for high accumulation of
recombinant protein. Induction for longer periods or the addition of higher

concentrations of inducer reduced the cett growth drasticalty.

I
kDa

?

t 20

t4

\

n

Figure 5.7: lsotation and purification of lBs of E. coli expressing rec-pediocin.
Ge[ anatysis of lBs purified from hyper expressing E. coli. Lane 1, induced cetl,s
(control); 2, induced (frozen at -20uC), 3, purified lBs from (2) and 4, purified
lBs from sample 1 .

1 1 2 3 4
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*loleculor cloning oN expression of pedA and pedB genes- il
t Recombinant E. coli Bt21 cetts stored in 20% gl.ycerot at -200c for more than a

week grew very stowly on revival white the recombinant protein expression
accounted for almost 50% of the total cettutar protein (Figure 5.7). The
reasons for this are not ctear and bear investisation.

M t  2  3
, aFe-::-

t *,.

Figure 5.8: Singte step purification of recombinant pediocin. SDS-PAGE (15%
acrylamide) analysis of 6X histidine -Xpress-prepediocin produced in E. coli.
Lane 1, total ce[[ lysate uninduced ; 2, Lysate, induced recombinant and tane
3, Ni-NTA beads absorbed lBs protein etuted with 0.5 M imidazote. M,
medium range protein marker

I
Heterologously expressed rec-pediocin was induced by 1 mM lpTG and
accumulated in lBs of E. coli. The lBs were purified and the 6X His tagged
protein was immobil.ized to the Ni2' beads pre-equtibrated with tysis buffer. A
12.8 kDa protein was etuted with 0.5 M imm.idazole from the get as evidenced
on SDS-PAGE get (Figure 5.8, tane 3). This woutd indicate the purification of
the hexa-histidine tag fusion protein in a singtd step.
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Molecular cloning and expression of pedA oN pedB genes-

fi lmmunologicaI characterization of 6Xhis-Xpress-pediocin was carried out and
the results are presented in Figure 5.9.

kDa

6 6 -

43

29

20.1

r  1 2  3

kDa
75

50

37

25
1 5

f
A

Flgure 5.9: lmmuntogical detection of rec-pediocin by anti-6XHis Ab.
D SDS-PAGE anatysis, B) &, C) immunotogicat detection by Ab.
*- lndicates tei of f. coli.G indicat-es putative monomeric and multimeric
fusion protein detected in western btot, M in figure B and C is a prestained
see blue motecular size marker (MBl). Lane 1, vector, 2 & 3 un-induced and lBs
produced from induced cutture.

The recombinant reacted with the His tag antibody indicating its chimeric

nature (Figure 5.9). In certain cases, multimeric forms of the fusion protein

were atso observed (Figure 5.9C). 6X His tag proteins are know to occur in

multimeric forms due to intermotecutar hydrogen bonding. These muttimeric

forms of fusion protein can be resotved on SDS-PAGE by proper boiting of the

sampte in the presence of p-mercaptoethanot.

5.3.5 Solubilization of rec-pediocin Inclusion bodies

The sotubitity of the lBs from the recombinant E coli was tested vaying the pH

of extraction from pH 6 to 9 and urea concentration from 0 to 10M. Tris buffer

at pH 7.5 atong with 8 M urea concentration was found to sotubtise most

protein as indicated by maximum absorbance at 280nm. Addition of DTT

t

fi
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,f,i
increased sotubitity of lB over two folds due to reduction on disulfide bonds
of prepediocin (Figure 5.10).

340nm

I

Figure 5.10: Effect of DTT on sotubitity of lBs of E. coli.

Xie et al. (1998) have demonstrated that using 10mM DTT increased the

sotubitization of human RBP (retinat binding protein) by 2.5 folds. A simitar

effect of DTT was seen in our study with rec-pediocin increasing solubitity by

atteast 2 fold.

5.3.5 ln Vitro refolding of chimeric protein

The hexahistidine tagged pediocin was purified using Ni2' beads, since Ni2'

beads have a high affinity to 6Xhis ( 5-10 mg mt'l ;. The refol.ded rec-pediocin

was etuted as a single major peak of 25min. However, the unfotded fraction

showed late elution of major peak at 30min in a preparative RP-HPLC (Figure

5.11). The singte peak of refotded recombinant pediocin was comparabte with

the active fraction of native pediocin which was shown a simitar pattern of

retention of 22min upon anatysis. A 12.8 kDa protein was pediocin was eluted

(3'o fraction) by 0.5 M immidazole. The etuted fraction was capabte of

*
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il
fl
1

t
inhibiting the growth List. monocytogenes scotA indicating that the chimeric
pediocin had refotded to its active confirmation in the refotding buffer.

I
u

In the present study, suspending protein isotated from rBs in refotding buffer in
the presence of reducing agent p-mercaptoethanot and 1M glycine as a
additive found to be undergo refotding to its biological active state. Further,
affinity chromatography with Ni2- beads hetped refotd the protein at a h.igh
level. lt has been previousty suggested that the choice of refotding buffer and
immobitization on Ni-NTA beads itsetf facititates in renaturation of proteins
(Rogt et ot. 1998). The thiot compound such as B-mercaptoethanol at a
concentration of 5-15 mM have been found to act as a oxido-shuffting agents
during renaturation and disutfide bond formation. The tow MW additive tike
gtycine may help reduce protein aggregation during the refotding process (De
Bernardez Ctark 1998; 2001). Eisenmesser et al. (2000) used either 5mM p-
mercaptoethanol as a reducing agent atong with 1M gtycine or 1mM oxidizeo
glutathione as a redox buffer in refotding of rL-13 expressed in rBs of E coli.
The former found to hetped in increasing the yietd of refolding fusion protein
of lL-13 by a factor of two.

Recently, human prolnsutin obtained from lBs of E. coli was renatured in
presence of suitable redox conditions. The renatured and denatured
proinsulin was characterized by Rp-HpLc and comparison with native insutin
was made (Winter et o1.2002). In the present study, a simitar strategy was
adopted to analyse unfolded and refotded pediocin by Rp-HpLC fottowed by
antimicrobial assay. Pediocin has been expressed in E coli by fusing with MBp
(Mitter et al. 1998; Ray et ol. 1999) to get an active protein. The protein was
expressed without the need for the export or immunity functions of the ped
operon. This protein was correctly disutfide bonded in the periptasmic space
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Figure.5.11: semi-preparative Rp-HpLc anatysis of recombinant and native
pediocin. A: unfotded, B: refotded recombinant pediocin, C: peOioiin
preparation from native source and D: pediocin assay by uga,. dir. arr"y or
recombinant pediocin (+) with trypsin and (-) without trypsin. Reduced zoni of
inhibition of trypsin treated pediocin indicates proteotytic inactivation of
recombinant pediocin. 

,, i  :
of E. coli. The property of MBp directed protein targeting to the periptasmic
space of E coli upon fusion to its c-terminar end has been exploited in this
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rl
t:

study' The periptasmic space contains many of the proteins of the Dsb famitywhich are invotved in disutfide bond formation (Winter et al. 2002).r;;;
in the present study, high [eve[ express.ion in lBs fottowed by refotding usingcneaper redox agent has been emptoyed. The MrC of native pediocin was 2 nswhite for recombinant pediocin it was 50 ng against scott-A. ,n,, "",r. ri*,recombinant pediocin was atteast 25 times less active than its native
counterpart' comparison of the two protein needs to De repeated taking intoaccount the yield and protein content.

4.3.7 UV adsorption studies of rec-pediocin

s

I

Figure 5'12: physicochemicat characterizat.ion of purified rec-pediocin usingUV spectrum. (N) native and (R)r."._p"aioiin.- 
-' 

l

The uv absorption spectrum of the purified recombinant pediocin sotubitizecl
(scanned between 190 and 350nm) as compared to that of the with nativepediocin (Figure 5.12). The absorbance maxima of the recombinant and native
pediocin differ. The difference may be attributed to the N-terminal extension
of prepeptide sequence and the tag' However, a similar shoutdering was seen
with both proteins at 190nm.

Previousty, patra et ot. (2000) had used
refolding of r-HGH (recombinant-human

of speitroscopic
growth hormone)

analysis to study
comparing pure r-I

:t
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n
HGH and the native HGH. tt was seen that the absorbance maxima of the
purified r-HGH was at 276.8nm with a shoulder at 2g3nm.

5.3.8 Molecular cloning of pediocin immunity gene
In order to express pedB in E. coli as a fusion protein, two different constructs
were made by ctoning pedB into the vector peE. The two vectors peE30 and
pQE60 add the tag at N and c-terminat of the target protein respectively, upon
cloning the gene in its correct reading frame.

5.3.8.1 C-terminal tag of pedB

In order to obtain fusion tag at c-terminal the pedg gene was amp[fied using
the set I primers (Ped.lr!\M.F and Ped.l lAM.R). As expected, the amplif ication of
336 bp PCR product was obtained (Figure 5.13). The pcR product was doubte
digested with Ncol/8amHl restriction enzymes, get purified and ligated to the
vector pQE60, which had been previously doubte digested with same enzymes
prior to dephosphorytation. This vector had been initiatty modified by
introducing ha-tag so that a fusion protein bearing a tagged sequence
recognized by a anti HA antibody (Figure 5.14).

Figure 5.13: Amplification of pedB gene by pCR. Agarose (1.5%) get
etectrophoresis of pediocin immunity gene amptified from the native pH-1
strain using templates (lane 1 to 4). Arrow indicates the position of the pCR
product of expected size obtained. M, 1kb tadder (MBl). C, controt pCR of
300bo
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fl
t

The cloning strategy of pedB in pQE60-HA (ha-tag bearing pQE60 vector) is

shown in Figure 5.14. Upon cloning of pedB into pQE60-HA, the recombinant

thus obtained was designated as pQEpedllvlM (Figure 5.15A). The resutts of the

restriction anatysis of pQEpedlA,\M and motecutar map constructed is presented

in Figure 5.15 A and B. The insert retease of -336 bp in size of (the size of
pedB PCR product) can be seen in atteast 50% recombinant (Figure 5.158).

L 1 2  3  4  5  6  7  E  9  ' � t o  1 1  1 2 1 3  1 4  M

1000t

bp
3000

500
200

I

Figure 5.15: Motecular map and restrlction anatyais of pQEpedllitlrt. A)The
nucteotide sequences of pedB gene conferring immunity function against
pediocin was taken from the GeneBank (Acc. No. M83924 ). B) Agarose (1.5%)
gel etectrophoresis of Ncol/BomHl doubte digest of the putative recombinant
(3-14). Arrow indicates the position of the insert release upon doubte digestion.
M, PCR tadder and l, is a lambda Eco911 disest.

The EcoRl/Pvull fragment from pQEpedllvt\4 was sub-cloned into EcoRl/Smol

sites of pUC19 and taken for sequencing white using M13 forward and reverse

primers. The nucleotide and deduced -aa sequences is presented in Figure

5 .16 .
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*

5.3.8.2 Western analysis of pedB fusion proteln
The totat cell tysate of pedB expressing recombinant was separated on sDs-
PAGE, subsequentty transferred to a NC membrane and probed with anti-HA
MCA. Western analysis resutts are presented in Figure 5.17. The anti-HA
reacted specificatly with a 15 kDa protein band correspond.ing to that expecteo
for the PedB fusion protein and the muttimeric forms of fusion Drotein.
Proteins from the un-induced ce[[s atso reacted feebty with the antibody.
Protein isotated from the control recombinant (spas-HA-6x His) also reacteo
with the antibody (tane C).

l 1

Tagging ofrprotein helps in both purification and identification of the protein.
The HA epitope is a nona-peptide sequence (ypyDVpDyA) derived from the
influenza hemaggtutinin protein. Epitope tagging offers a method for
identification and locatization of several proteins expressed at a very tow tevel
and whose localization is unknown (Makrides 1996).

k D a M - + C

2 9 -

2 0 _

1 4 _ +

Figure 5.17: Western-btot analysis
tt415(pREP4). - uninduced, + induced
Spa5-HA-6XHis detected by anti-HA
size (-15 kDa) of fusion protein. M
corresponding gel.

of PedB-HA-6XHis fusion protein in E. coli
with 1 mM IPTG. C is a positive control of
antibody. Airow indicates the expected
is a medium range protein MW marker in
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However, in the present study the yietds of the pedB fusion protein was very
f low and further exper,iments with this construct were discontinued.

I
4.3.8.2 N-terminal tagging of ped9

The pedB gene was ctoned into the expression vector pQE30 so as to obtain
protein tagged with 6Xhis at its N-terminal prior to undertaking expression
studies. The PCR product of pedB obtained as expected by using set ll primers

' (PedB.F and PedB.R), was doubte digested with BomHllPstl restriction
enzyme, get purified and ligated to the vector peE30 which had also been
double digested with the same enzymes and dephosphorytated. The resutts of
the PCR amptification of pedts gene and the preparation of vector peE30 for

t . ctoning of pedB are shown in Figure. 5.1g.

ffi

bp
1000
800

Kb

3.6
2.3
2.2

1.2

il

it
400

t 300

a

Figure 5.1 8: PCR cloning of pedB into pQE30
a: Agarose get (1 .5%) etectrophoresis of PCR amplicon of ped} gene. Lane i,
PCR product undigested; 2, digested with 8omH1; 3, with Pstl and tane 4,
double digested with BamHllPst1 . M is a 100 bp tadder (MBl).
b: Agarose gel (0.8%) etectrophoresis of pQE30 ptasmid vector. Lane 1,
undigested vector; 2, digested with EamHl; 3, with Pst 1 and 4, doubte
digested with both the enzymes. )," Eco911 iigested marker DNA. Arrow
indicates the position of the doubte digested vector'which was etuted, treated
with CIAP and used for ctoning.
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Insert retease from recombinant ptasmid peEpedB3O thus obtained after
digestion with Hindlll and Hindlll/Psfl are shown in Figure 5.21 . A molecular
map was constructed by using the programme Ctone Manager Ver. 5 using the
nucleotide sequences of pQE30 vector (eiagen) and pedB gene sequences
(Marugg et ol. 1992). The expected sizes of the native and recombinant
pediocin immunity proteins are 13 and 13.8kDa, respectivety.

Figure 5.19 : Motecular map of recombinant ptasmid peEpedB3O

t

Figure 5.20: Deduced
The tag introduced at

amino acid seouences of 6XHis-PedB
N-terminal of fusion protejn is shown in

. r t

fusion construct.
itatics.

I

IIIRGSHHHHHHDP KTKSEH IKQQALDLFTRLQFLLQKHDTI EPYQWLDILETGI

SKTKH N QQTPERQARWYN KIASQALVDKLH FTAEEN KVLMI N E LAHSQKGWG

EFNMLDTTNTWPSQ .
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Figure 5.21: Restriction digestion of the pQEpedB30 recombinant. The putative
recombinant, were digested with Hind lll/ Pst | (a) and Hind lll (b). Lane 1 is
the pedB PCR product. M, 100 bp ladder. Two putative recombinants were
anatyzed for insert retease.

5.3.9 Heterologous expression of 6XHis-PedB in E. coli M1 5

The recombinant ptasmid pQEpedB30 was transformed into Kan'M15 host for

the expression of PedB fusion protein in E. coli and the gene induced with

IPTG. The total ce[[ tysate was first analysed by denaturing SDS-PAGE (Figure

5.22) and then by dot-btot hybridization of total cetl lysate using anti-His Ab

- (Figure 5.23). Proteins from recombinant and induced celts reacted more
I

denselv with the Ab than oroteins from control non recombinant celts,

Since, C-terminal tag of PedB coutd have interfered in the biotogical activity of

the PedB, N-terminal tagging was carried out. The N-terminal tag was smaller

in size and was expected not to interfere with activity of the protein. Recent

report by Johnsen et ol. (2004\ on functional anatysis of suggests that the

biotogicat activity of the immunity resides at the C-terminal end of the

l i  ,

:t

molecu[e.
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Figure 5.22:SDS-PAGE (15% get) s of total lysate prepared from the PedB
expressing E. coli M15 ce[ts harboring pQEpedB30 ptasmid. Lane M, Protein MW
marker; V, vector lysate, U, un-induced and l, Induced with 1 mM IPTG
recombinant.

Figure 5.23: Dot-btot hybridization of the 6XHis-PedB expressing recombinants.
Total cetl lysate of the recombinant plasmid transformed E coli M15 cetts.
U, un-induced and l, induced with IPTG. Three different concentrations of cetl
lysate were spotted (5, 10 and 20 pt) on NC membrane and probed with
rabbit anti-His antibody. The color was devetoped using BCIP/NBT substrate
in alkatine phosphatase buffer.I
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n The PedB fusion protein was purified on Ni2. beads. Lysate from celts that had

been induced was centrifuged at a high speed. The supernatant and the peltet

dissotved in lysis buffer was incubated with Ni2' beads. The beads were

separated and were analyzed in acrylamide gel for the presence of 6XHis tag
protein (Figure 5.24).

,il

20
l4 13.5 kDa fusion

protein

Figure 5.24: SDS-PAGE (15% acrytamide) get analysis of Ni'- NTA bead
partially purified 6X His tagged Ped B. Lane CF, TCA precipitated cutture

r f i l trate; Ul, uninduced and lty, induced totat cett lysate; Usup, Lysate from
' uninduced cells ; InsupB, Affinity purif ied supernatant from recombinant ce[[s

Inp, pettet from cetts that had been induced. Arrow indicates the probabte
position of 13.5 kDa fusion protein, absorbed on Ni2- NTA beads.

I
5.3.8.3 Tmpred prediction

The Tmpred program makes a prediction of membrane-spanning regions and
' their orientation. The algorithm is based on statistical analysis of Tmbase a

database of naturatly occurring transmembrane proteins. The programme

- indicated that the PedB is not a transmembrane protein (Figure 5.254). Spal
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f,
the immunity protein from 8. subtilis which is transmembrane

taken for comparison, The computer Programme predicted the

spanning nature of this protein (Figure 5.25B).

protein was

memorane

il

Figure 5.25: Tmpred anatysls of PedB and Spal proteins (acc no. U09819). A,
PedB; B, Spal.

5.3.8.4 Hydrophobicity profi le
In this study, four bacteriocin immunity proteins were taken for computational

anatysis based on the similarity of their subunits and absence of signal

peptides. The Molecutar weight and other characteristic features of the

different immunity proteins taken for this study is shown in Table 5.4.

Table 5.4: Bacteriocin immunity proteins

t

B

lmmunity cognate No. of
protein bacteriocin AA (kDa)

%
homology region (nos.)

PedB Pediocin
-PedBr pediocin

Spla Sakacin

Ltnl

Pepl

112

132.

98

116

69

1 3

1 5
-100

-120

-72

100

100

34

35

50

4

4

5

3

2
Lacticin3147

Pep5

o
$
if

ilrI
I

'recombinant immunity protein
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The sequdnce alignment of these four proteins was carried out by using.*

"i

Muttalin (Corpet 1988) and the results are presented in Figure 5.26. Resutts
indicates conserved tysine (K) and leucine (L) residues and a leucine zipper
motif. These motif was found more in the C-terminal end of the Ltnl protein

associated with the immunity of lacticin 3147. In this study, the leucine
zipper motif was atso found in N-terminal of PedB. Leucine zipper motifs are
known to be associated with DNA-binding proteins such as transcription
factors and are important for dimerization of such proteins (McAutiffe et ol.
2000).

PedB 1
PedBR 1
SpIa 1
Pep I
l � t - h  T  1 l.,rxlre nr urrsESr.rvsrfie vrflrc

1 1 0 L20

i
I

I

I
l
i

i

i
t
i
I

i.

I
i

'

i
I

P6dB 53
PedBR 53
spra  ) f ,
Pep 31
LtnI 61

IiT:iliiiiit*t:iilffi:;;

Dr r FpKGyLrepFEur,xver6cr,veNrvcllxvr x{x----

S Q
I R

STYSAY

130 1 4 0

____r____1____t___-l
GSY PYDVPDYASRS HHHHHH

PedB Ll2
PedBR 113
sp la  98

I PLo 6s
Ltn I  116

o

Figure 5.26: Muttipte sequence alignment of immunity proteins. Conserved
regions are hightighted in dark/faint cotours.

Hydrophobicity profite of these immunity proteins was determined by the

method of Kyte and Dootittte (1982). The hydrophobicity ptot for Ltnl

reveated presence of three hydrophobic domains comprising of 30-49, 68-81

and 91-112 -aa suggesting a transmembrane location.for this protein. The pedB

'i
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contains atteast four hydrophobic domains of aa 25-35, 40-60, 65-75 and 90-100

consisting of 10-20 -aa each, representing membrane spanning regions. The

recombinant PedB protein, whose C-terminal was tagged with anti'HA 6X His,

showed a similar hydrophobicity profite. The C-terminal end was hydrophitic.

Since there was no difference in the profite of the recombinant and the native

protein. A targe number of membrane spanning domains are predicted in most

of the immunity proteins. Five membrane spanning domains were predicted in

Spla protein invotved in sakacin immunity atthough totat tength of this protein

is onty 97 -aa (Figure 5.27e). Ltnl and Pepl contained lesser number of

membrane spanning regions (3 and 2 respectivety) but each domain consists of

atleast 20 -aa (Pag et ol. 1999). The proteins anatysed in this study are most

tikety tocatized on the cytoptasmic face of the membrane, as suggested by

the presence of several putative membrane spanning regions. Cytoptasmic

membrane associated immunity protein conferring resistance to mesenterocin

was shown by Dayem et al. (1996). The absence of typicat signal sequences

impties that att these proteins are neither secreted not are they tipoproteins.

Therefore these may serve by hindering insertion of the bacteriocin

motecute into the membrane or by interaction directty and inactivation ot

the bacteriocin (Fimtand et a\.2002a; Johnsen et o1.2004; Pag et o1.1999).

t

0
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Figure 5.27: Hydrophobicity profiles of singte subunit immunity proteins of
Bacteriocins. Bars in the figure indicate membrane spanning region of
hydrophobic segment. Red colour bars in af are the proposed membrane
spanning region identified in this study. B) is a hydrophobic profite of the
recombinant PedB Protein where in the C-terminat tag exhibits a hydrophitic
pattern.
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The hypothesis on membrane spanning region presented as above, suggests that
each hydrophobic region could react with the bacteriocin motecute and with

the bacteriocin receptor and protect the celts from the formation of pores in
the cytoplasmic membrane.

5.4 CONCLUSTON

In this study the pre-pediocin encoding gene was ctoned by PCR and was
inserted into the E. coli expression vector, pRSET-A. Nucleotide sequencing
was performed in order to verify the restoration of reading frame between

the fusion tag and pediocin structural gene. The recombinant construct was

transformed into protein expression host and gene expression was induced by
the addition of IPTG. Hyperexpression of 12.8 kDa protein tocalized in lBs was
observed. The chimeric pediocin upon refotding exhibited biotogicat activity

against the indicator Scott-A. This resutt provides the basis for large scate
production of pediocin and for studying expression of mutants of pediocin in

E. coli.
l

The pediocin immunity protein expressed in E. coli M15 showed a very low

level of expression. Hydrophobicity profite of PedB suggested that there are

atteast four membrane spanning regions. Each region consists of 10-20 -aa

spanning across cytoplasmic membrane. Heterotogousty expressed pedA and

pedB gene products can form the initiat starting materiat for many biochemical

and biophysical in vitro studies.
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