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ABSTRACT
The design of safe and effective vaccine that could reduce morbidity and mortality caused by Enterotoxigenic E. coli (ETEC) would be of great importance in public heath. At present there is no licensed vaccine against ETEC for use in the risk area. Recently, a great deal of attention has been focused on mucosal vaccination as an alternative to parenteral immunization and on its associated costs and risks. In this study, mutant heat-labile toxin LT (R192G) was expressed in attenuated Salmonella vaccine strain SL1438 (MAF1) and its wild type parent strain SL1363 (MAF2) from pCS95. LT(R192G) expression was detectable in the Supernatant (S) fraction of Salmonella cultures but much higher expression were detected in the bacterial lysate (L) which indicated that LT (R192G) is expressed in Salmonella in a fashion similar to those of native LT. Localization and pattern of expression of the mutant LT from the constructed strain give a great advantage for this construct to be used as a candidate oral vaccine. BALB/c mice orally immunized with MAF1 responded with significantly higher titers of IgG in serum and IgA in the intestinal wash compared to the control groups. These results confirm in vivo expression of LT(R192G) and give a clear evidence for the efficacy of LT(R192G) expressed by live attenuated Salmonella strain to behave as an orally active antigen which can potentially contributes to the generation of  a more effective ETEC vaccine. 
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INTRODUCTION
Enterotoxigenic E. coli (ETEC) strains are known as an important agent of diarrhoea among children in the developing countries, as well as in, travellers from industrialized countries visiting tropical or subtropical areas of the world (WHO, 2004).

ETEC may attach to specific receptors on the surface in the intestinal lumen by fimbriae. Once attached to the intestinal epithelium, ETEC elaborate LT and/or heat-stable (ST) toxins, which induce the watery diarrhoea (Kaper et al., 2004).
LT seems to be particularly interesting as an adjuvant for human use since it has an inherent lower toxicity than cholera toxin (CT) (Clements et al., 1988; Lycke et al., 1992; Walker and Clements, 1993). It activates both Th1- and Th2-type CD4+ cells (Takahashi et al., 1996) and unlike CT, it does not evoke allergic sensitization after oral administration (Snider et al., 1994). The mucosal and systemic adjuvant properties of LT have been repeatedly demonstrated in mice orally given soluble antigens, such as ovalbumin and keyhole limpet hemocyanin (Douce et al., 1995; Guidry et al., 1997), or inactivated microorganisms, such as viruses and bacterial cells (Katz et al., 1997; Covone et al., 1998). 

A mutant non-toxic derivative of LT containing an amino acid exchange (R192G) at the enzymatically active A subunit was designed (Dickinson and Clements 1995&1996). The resulting molecule lacked detectable ADP-ribosylating activity but retained the LT adjuvant effects following oral coadministration with soluble antigens, inactivated Salmonella (Chong et al., 1998), or attenuated Shigella  (Hantman et al., 1999) cells. 
Recently, LT gene was modified by changing two amino acids (Threonine 50 and valine 53) of the A subunit to proline. The modified non-toxic LT was cloned and expressed in Escherichia coli (E. coli) bacteria. Chicken treated with mLT showed no sign of disease compared to those treated with wild toxin (Vasserman and Pitcovski, 2006).

Many studies have addressed the efficacy of LT(R192G) as adjuvant.           Maier et al. (2006), indicated the ability of LT(R192G) to induce humoral and cellular immune response using fibrillar Abetal 1-40/42 as common immunogen in wild type B6D2F1 mice.
Also, co-administration of inactivated influenza vaccine with LT(R192G) provided enhanced protection from infection in the upper and lower respiratory tract of BALB/c mice equivalent to and at similar doses as that obtained with wild type LT (wtLT). Likewise, LT(R192G) augmented virus-specific IgG and IgA responses in serum, lung and nasal washes and the numbers of virus-specific antibody-forming cells in spleen, lung and Peyer's patches in a manner comparable to wtLT. These results indicate that LT(R192G), like wtLT, is a potent adjuvant for oral vaccination of mice with influenza vaccine (Lu et al., 2005).
Intranasal (IN) and intragastric (IG) administration of LT(R192G) with colonization factor antigen (CFA/I) or colony surface antigen (CS6) were found to enhance the production of fecal IgA response in BALB/c mice. This response was not detected when CFA/I and CS6 were administered alone without the mutant adjuvant. Partial protection against lethal challenge with ETEC strain H10407 was seen in mice IN administered the CFA/I plus mLT (P<0.01), and H10407 was cleared from the lungs of CFA/I plus mLT-immunized mice at a significantly greater rate than from the control mice (Byrd and Cassels, 2003).  

Mice orally immunized with killed S. Dublin in conjunction with LT(R192G) were protected against lethal oral challenge and had higher interferon-gamma (IFN-γ), interleukin-2 (IL-2) and IgG responses than did mice orally immunized with killed S. Dublin alone which were not protected. These findings have significant implications for vaccine development and further support the potential of LT(R192G) to function as a safe, effective adjuvant for mucosally administered vaccines (Chong et al., 1998).
Recently, a great deal of attention has been focused on mucosal vaccination as an alternative to parenteral immunization and on its associated costs and risks. Recent studies have shown that mucosal immunization via IN, oral or rectal routes can elicit both humoral and cell-mediated immune response in both the mucosal and the systemic compartments (Bowman and Clements, 2001). In this study, LT (R192G) was expressed in SL1438 and SL1363 from the plasmid pCS95.  LT(R192G) expression was detectable in the S fraction of Salmonella cultures but much higher levels were detected in the bacterial lysate. The immunogenicity of MAF1 [SL1438 (PCS95)] was tested in BALB/c mice. 
MATERIALS AND METHODS
Strains and plasmid used in this study are summarized in Table 1
Table 1: Bacterial strains and plasmid used in the present study.

	
	Strains/Plasmid 
	Comment 
	Source

	1-
	SL1438
	aroA his S. enterica serovar Dublin, O-9,12.
	Professor. John D. Clements.

	2-
	MAF1
	SL1438 (pCS95).
	This study.

	3-
	SL1363
	Salmonella Dublin organisms (wild-type strain).
	Professor John D. Clements. 

	4-
	MAF2
	SL 1363 (pCS95).
	This study.

	5-
	pCS95
	pUC18-based plasmid containing in-frame LTA and LTB genes with replacement of the AGA sequence encoding arginine-192 of LTA with the glycine-encoding sequence GGA under the control of the lac promoter; identi-cal to previously described pBD95, except for containing the Shine-Dalgarno sequence of human ltxA;AMPr
	Prof. John D. Clements.


Plasmid DNA purification using QIAGEN mini kit
pCS95 was isolated and purified using Qiagen plasmid mini kit (Qiagen Cat # 27106) following the manufacturer's manual. The procedure based on alkaline lyses of bacterial cells followed by adsorption on column (Birnboim and Doly, 1979; Birnboim, 1983).

Preparation of chemically competent cells 

Competent cells were prepared as described by Dagert and Ehrlich (1979). Briefly, a single colony from LB plate was used to inoculate 500-1000 ml of sterile LB broth. Culture was incubated for 3-4 hr at 37°C with vigorous shaking until reach an OD 0.3 to 0.4 at 600 nm (1 cm path length). The cells were centrifuged at 4000 rpm for 10 min at 4°C. The bacterial pellet was gently resuspended on ice in 1/4 vol. of ice cold sterile 100 mM CaCl2. Cell suspension was centrifuged at 4000 rpm for 10 min at 4°C.  The bacterial pellet was gently resuspended on ice in 1/20 vol. of ice cold sterile 100 mM CaCl2 and then 9/20 vol. of ice cold CaCl2 was added. The bacterial suspension was centrifuged again and the cells were resuspended in 1/50 vol. of ice cold sterile 85 mM CaCl2 in 15% glycerol (w/v). The cells were aliquoted in 100 µl and freeze at -70°.

Transformation of chemically competent cells

100 μl aliquot of competent cells was thawed on ice and transferred to a polypropylene tube prechilled on ice. 1-10 ng of DNA in a maximum of 10 μl was added to the cells and the tube was quickly flicked several times.  Incubation was carried out on ice for 30 min. The cells were heat-shocked for 45–60 sec in a water bath at 42°C. The cells were placed on ice immediately to cool for 2 min. 1 ml of Luria broth (LB) was added to the transformation reaction and incubated for 1 hr at 37°C with shaking (~200 rpm). For each transformation reaction, 100 μl of each undiluted, 1:10 and 1:100 cell dilutions in LB were plated on the proper antibiotic plates. 0.1 m isopropyl β-D-1-thiogalactopyranoside (IPTG) and 40 μg/ml X-Gal were added to LB agar when required. When low ligation efficiency was expected, the cells from transformation reaction were pelleted by a quick 10–20 sec spin in a microcentrifuge and the cells were resuspended in about 200 μl of LB and plated. Plates were incubated overnight at 37˚C.
Detection of in vitro expression of LT(R192G) by ELISA 
Overnight incubated cultures were centrifuged at 4000 rpm for 20 min, supernatant fractions were recovered, and pellets were resuspended in 2 ml of lysozyme (Sigma Cat # L6876) in sterile water (1 mg/ml). Resuspended pellets were subjected to repeated freezing-thawing at 37˚C and [image: image1.png]


70°C and centrifuged, and L were recovered. S and L samples were analyzed by ELISA for LT. Serial dilutions of samples in PBS-0.05% Tween 20 (PBS-T.) (undiluted to 1:256 diluted) were applied to 96-well microtiter plates previously coated well with 1.5 µg of type III ganglioside in 50 mM carbonate buffer (pH 9.6). Samples were analyzed with goat polyclonal anti-LT, followed by rabbit anti-goat IgG – alkaline phosphatase conjugate. Reactions were developed with 2 mg/ml of p-nitrophenyl phosphate diluted in diethanolamine buffer (pH 9.8) (Sigma D2286). Reactions were stopped with 50 µl of 3N NaOH and optical density was read at 405 nm (Guillobel et al., 2000).

Immunization experiments:

Salmonella strains were grown to exponential phase for 4 hr at 37°C under aeration, harvested by centrifugation and washed with PBS. The cells were suspended in PBS and 0.5 ml was orally delivered using a blunt-tipped feeding needle. The immunization doses were checked by viable counts on LB agar plates.

Three  groups  of  five  animals each,  4-5  wks – old  female  BALB/c  mice  were  used in immunization. The groups were designated as follow:
1- Naïve mice (Negative control).

2- SL1348: Mice were orally immunized on days 0, 14 and 21 with 0.5 ml (2x109 colony forming unit (cfu)/ml) of untransformed SL1348.

3- MAF1: Mice were orally immunized on days 0, 14 and 21 with 0.5 ml (2x109 cfu/ml) of SL1348 expressing LT (R192G).
Sera samples were collected by cardiac puncture 1 wk after the last inoculation (day 36). These samples were kept at -20°C. Intestinal wash was obtained and stored at -70°C till assayed.

Detection of LT (R192G) specific response by ELISA 

LT (R192G) specific IgA in the intestinal wash and IgG in the serum was detected by ELISA as described by Guillobel et al. (2000). Goat anti-mouse IgA alkaline phosphates diluted 1/200 in PBS – Tween and Rabbit anti-mouse IgG alkaline phosphatase diluted 1/500 in PBS – Tween were used as conjugate.
RESULTS
Expression of mLT in S. Dublin vaccine strain SL1438.

The expression plasmid pCS95, (pUC18-based plasmid containing in-frame LTA and LTB genes with replacement of the AGA sequence encoding arginine-192 of LTA with the glycine-encoding sequence GGA under the control of the lac promoter) which drives the expression of non-toxic mutant LT(R192G) was transformed into S. Dublin aroA his vaccine strain SL1438 (MAF1) and its isogenic wild type strain SL 1363 (MAF2).
LT(R192G) was selected as non-toxic protein, as it  retained immunogenicity but has significantly reduced toxicity making it a potential vaccine antigen. Whole cell L and S samples of the transforming bacteria were analyzed by ELISA for in vitro expression of LT (R192G).  SL1438 and SL1363 transformed with pUC18 were used as a negative control. One µg of Mutant LT protein was used as positive control.

LT(R192G) was expressed in SL1438 and SL1363 from the plasmid pCS95. LT(R192G) expression was detectable in the S fraction of Salmonella cultures but much higher levels were detected in the bacterial L (Figure 1).
Evaluation of specific antibody response in BALB/c mice.

The immunogenicity of MAF1 [SL1438 (PCS95)] was tested in BALB/c mice. The mice were orally inoculated three times 2 wk apart with 0.5 ml of bacterial suspension (1x109cfu/ml). Sera and intestinal wash samples were collected 1 wk following the last inoculation. Specific serum IgG and intestinal IgA against LT were evaluated by ELISA.

All animals immunized with SL1438 expressing LT (R192G) (MAF1) responded with significant titres of serum IgG antibodies against LT. The titres were 10 fold higher than that of naïve or mice immunized with SL1438 (Figure 2). LT(R192G) – specific IgA was detected in the intestinal wash of the immunized mice, with the antibody titer in BALB/c mice immunized with MAF1 significantly higher than in the mice immunized with  SL1438 only (Figure 3).

DISCUSSION.
Oral delivery of antigens by live vaccines is known to lead to a more effective production of antigen-specific antibodies in mucosal secretions than oral administration of the soluble antigen (Staats et al., 1994; Walker, 1994).
Oral vaccines based on bivalent or multivalent attenuated Salmonella or Shigella strains represent one of the most dynamic and promising areas of mucosal vaccine development. Such strains are effective delivery systems of heterologous antigens to the mammalian immune system due to their ability to colonize the gut associated lymphoid tissue (GALT) (Doggett and Brown, 1996; Noriega et al., 1996 a & b).

The mucosal adjuvant was found to enhance immune response to antigens when it is either expressed in live attenuated bacteria or coadministered with purified vaccine antigens (Yuki and Kiyono, 2003). Many studies have addressed the utilization of LT or its derivative as strong mucosal adjuvant (Karaman et al., 2006). Also, LT has been shown to penetrate intact skin and to activate adaptive immunity. mLT and its B subunit have been evaluated separately for their potential use as a tool for transcutaneous delivery of antigens for cancer immunotherapy (Pitcovski et al., 2006). 
In this experiment, LT(R192G) was expressed in attenuated Salmonella vaccine strain SL1438 and its wild type parent strain SL1363 from pCS95. LT(R192G) expression was detectable in the S fraction of Salmonella cultures but much higher expression was detected in the bacterial L which indicated that LT(R192G) is expressed in Salmonella in a fashion similar to those of native LT. Similar data has been presented by Edward et al. (1999), who indicated that LT(R192G) was found in both whole-cell L and S  fractions of the V. cholera (pCS95) strain but was found only in the L and not in the S fractions of the E. coli strain [JM83 (pCS95)]. Previous work has shown that native LT is secreted extracellularly by V. cholera but remains cell- associated in E. coli (Clements and Finkelstein, 1979; Neil et al., 1983; Hirst et al., 1984).

This pattern of expression is considered as an important advantage of MAF1. Previous studies with Salmonella as a mucosal delivery vector have indicated that periplasmic and extracellular antigens are much more immunogenic than antigen retained in the cytoplasm. The cellular localization of the expressed antigen determines to a great extent how effectively it is seen by the immune system and subsequently the resulting immune response (Mollenkopf et al., 2001; Kang and Curtiss, 2003).

The high amount of LT expression by MAF1 reflects a second advantage for this construct. Anti-LT response detected for whole cell L of MAF1 (1x109 cfu/ml) was significantly higher than that detected utilizing 1 ug of mutant LT protein; an indication for high level of in vitro  LT (R192G)  expression by the attenuated Salmonella.

This result is in agreement with the data presented by Koprowski et al. (2000), who demonstrated that the mutant LThK63 – or LThR72 - expressing CVD 1204 Shigella vaccine strain produced more mLT than the wild – type ETEC H10407, under laboratory growth condition.
 Many studies indicated that the most important event for the development of an immune response against foreign antigen, delivered by Salmonella, may be the initial amount of antigen that primes the GALT (Cardenas and Clements, 1993; Cardenas et al., 1994; Ranallo et al., 2005). 
In the present study, oral inoculation of mice with SL1438 expressing LT(R192G) (MAF1) resulted in significant LT – specific serum IgG as well as intestinal soluble IgA. The titres were 5 folds higher than those of naive or mice inoculated with the untransformed vector (SL1438). These results confirm in vivo expression of       LT(R192G) and give a clear evidence for the efficacy of LT(R192G), expressed by live attenuated Salmonella strain, to behave as an orally active antigen, which can potentially contribute to the generation of more effective ETEC vaccine. 

These data are in agreement to those presented previously by Guillobel  et al. (2000), and indicated that besides the systemic and secreted adjuvant effect towards the heterologous antigen [major subunit of CFA/I and somatic lipopolysaccharides (LPS)] expressed by live attenuated Salmonella vaccine strains, LT (R192G) behave as orally active antigen. 

Also it has been indicated that, LT (R192G) can be expressed in vitro and in vivo by attenuated vaccine strain of V. cholera containing plasmid pCS95 and that such in vivo expression is sufficient to yield significant immune response to LT (Ryan et al., 1999).
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Figure 1: In vitro expression of LT (R192G)  in S. Dublin. 
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In vitro expression of LT (R192G) in Salmonella. Anti – LT response was detected from L and S fractions of MAF1 [SL1438 (pCS95)] and MAF2 [SL1363 (pCS95)]. SL1438 and SL1363 transformed with pUC18 were used as a negative control. Mutant LT protein was used as positive control. Optical density at 405 nm. Results are reported for 2 fold serial dilutions.

Figure 2: LT (R192G) specific IgG serum response.  
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Serum antibody response from BALB/c mice orally immunized three times, two weeks apart, with MAF1 or SL1438. Sera were collected one week following the last immunization. Reaction to LT(R192G) was measured in sera of mice by ELISA. The results are reported as the mean of optical density reading at 405 nm. The antibody titter in mice immunized with MAF1 was significantly higher than that immunized with untransformed SL1438. 

Figure 3: LT (R192G) specific IgA in intestinal wash.  
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Specific IgA antibody response in the intestinal wash from BALB/c mice orally immunized three times, two weeks apart, with MAF1 or SL1438. Samples were collected after mice killing one week following the last immunization. Reaction to LT(R192G) was measured in the intestinal wash of mice by ELISA. The results are reported as the mean of the optical density reading at 405 nm. The antibody titter in mice immunized with MAF1 was significantly higher than that immunized with untransformed SL1438.

التعبير عن جزيئات مطفرة للسموم الداخلية المتأثرة بالحرارة فى لقاح سلالة السالمونيلا دوبلين فى المعمل و تقييم رد فعل الجسم المضاد الخاص بها           فى الفئران البيضاء
*معتز عبد الغنى، **عزة الأمير، **نصرى أبادير، ***محمد سلامة

*الشركة القابضة للأمصال و اللقاحات (فاكسيرا)
**قسم علم الحيوان، كلية العلوم، جامعة القاهرة

***قسم علم الحشرات، كلية العلوم، جامعة عين شمس

يعتبر تطوير لقاح آمن و فعال للإقلال من نسبة إنتشار ومعدل الوفيات الناتجه من الاصابه ببكتيريا إيشرشيا كولاي المفرزه للسموم الداخليه أهميه قصوي علي الصحه العامة. في الوقت الراهن لا يوجد لقاح يمكن استخدامه في المناطق المعرضه للاصابه بهذه البكتيريا.
تركز الانتباه في الآونه الاخيره علي تطوير اللقاحات المحفزه للاغشيه المخاطيه كبديل للتلقيح بالحقن و ما يصاحبه من مخاطر و تكلفه.
في ھﺫه الدراسة، تم استخدام سلالات سالمونيلا مضعفه  للتعبير عن جزيئات  مطفره  من سموم بكتيريا إيشرشيا كولاي المتاثره بالحرارة. أظهرت النتائج أن التعبير عن هﺫه الجزيئات المطفرة بواسطة سلالات السالمونيلا يحدث بطريقه مشابهه للجزيئات غير المطفره  من حيث نوعية التعبير و مكانه مما يعطي ميزه كبري للسلالات المطوره كلقاحات فميه.
تم تطعيم فئران التجارب فميا بواسطة السلالات المطوره و قد استجابت هﺫه المجموعة بكميات عاليه من المضادات ج  في المصل و المضادات أ في الغسيل المعوي مقارنة بالمجموعه الضابطه.  
  توضح هﺫة النتائج قدرة سلالات السالمونيلا المضعفه علي ا لتعبير عن جزيئات  مطفره من سموم بكتيريا إيشرشيا كولاي المتأثره بالحراره و قدرتها علي العمل كناقلات للمولدات الوقائيه لبكتيريا إيشرشيا كولاي المفرزه للسموم الداخليه و بالتالى تطوير لقاحات فميه أكثر فاعليه.
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