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ABSTRACT

The recent increase in the incidence of infectidisgases or immunological disorders raises a neefind new
immunomodulators. Probiotics have been shown torse of the alternative agents which strengthenitfraune
response of the body. But recently bacterial DNAI$® being explored as an immune enhancer. Pregady was
conducted to compare the in vivo immunomodulataggacity of three probiotic strains as live bacteviith their
genomic DNA. Probiotic bacteria’s (1@ells mi*) were administered orally whereas their extracdA’s (75 pg
mL™) were injected into the tibialis anterior muscte3 doses over a span of 17 days. The animals semficed
after the completion of experimental period i.e.da¥s. Immune status of the treated animals wassassl by
employing the tests for Humoral Immune Response @il Mediated Immune Response as Delayed Type
Hypersensitivity, Nitroblue Tetrazolium Reducti@stt Inducible Nitric Oxide Synthase and Bactertidctivity
was studied in SRBC immunized mice. Levamisoleg@$hwas used as the standard drug. Overall, theseltes
demonstrated that a substantial augmentation in umenefficacy was observed in the animals receig&gomic
DNA over the group receiving viable bacteria. litencluded that genomic DNA of probiotics shouldekploited
as a potent immune enhancer and as a biotherapagtat.

Keywords: Lactobacillus, BifidobacteriumImmunomodulatory activity, Bacterial DNA, Humoramimune
Response, Cell Mediated Immune Response.

INTRODUCTION

Probiotics are the live microorganisms that cohfealth benefits to the host animal when administ@readequate
amounts [1]. Probiotics have nutritional benefifsey improve lactose utilization, have anti-chadest, anti-
carcinogenic activities, anti-mutagenic, anti-infegs, immunomodulating activities, assists in preation and in
single cell protein production [2-7].

The immune system is known to be involved in thelegy as well as pathophysiologic mechanism of ynan
diseases. Modulation of immune response to alle\tsd disease has been interest for many yearstj8]function
and efficacy of immune system may be influencednitgny exogenous factors like food and pharmacestical
physical and psychological stress and hormonesresclting in either immune stimulation or immunpsassion
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[8]. Some bacterial cell components such as peglydans, lipoteichoic acid, secreted soluble sutzsia [9,10]
and genomic DNA [11] reportedly play role in immunadulation responses but primary component is ydtet
identified.

Structural difference between bacterial and euk#&ry@NA apparently account for the ability of batak DNA to
serve as an immune activating agent. Specifichligterial DNA is thought to activate inflammatomils because
of its high content of short sequences with unmathy CpG dinucleotides [12].In mammalian DNA, CpG
containing sequences occur at a much lower frequéran in bacterial DNA, and the cytosine presenCpG
dinucleotide of mammalian DNA is usually methylatd®,14]. However, unmethyalted bacterial DNA metif
comprising cytosine linked to guanine by a phosphHadnd (CpG motifs), also known as immunostimulator
sequence (ISS) oligodeoxynucleotides (ODNs), grertedly mitogenic for murine B cells [12]. Bac@rDNA and
immunostimulatory CpG-ODNs activate Antigen PregsenCells (APCs) such as macrophages and dendégtis.
Cell activation occurs upon DNA endosomal uptalsulting within minutes in activation of the Strdsmase
pathway and NF-kB. As a consequence, APCs prodwimkines including IL-12, IL-6 and IL-1 and uprégte
coreceptor molecules [15].

The importance of present study lies in the faat tirobiotic bacteria are used as immunomoduldtors literature
survey revealed that DNA of probiotics have notrbstidied for immune response. The purpose of custidy
was to compar#n vivo, immunomodulatory activity of probiotic viable hada with its isolated genomic DNA.

MATERIALS AND METHODS

2.1 Bacterial strain and culture condition

The strain ofLactobacillus delbruecki05 (LB 405) Lactobacillus brevis 408.B 403), Bifidobacteriumbifidium
BD4 234 (Bif 234) was procured from National DaRgsearch Institute, Karnal, Haryana. The cultagesbtained
were given two revival cycles in de Man—Rogosa—f@adroth (MRS broth) at 37 °C. Bacterial culturesrev
grown and maintained for further use. For genomNADpreparation, cells were grown in the correspogdi
medium containing 1 to 1.5 % glycine to facilitatdl lysis [16].

2.2 Preparation of genomic DNA of bacterial strain

Genomic DNA was isolated and purified with severaldifications [16].Briefly, an overnight culture.8lml) was
pelleted at 14000 rev min(microcentrifuge) 25°C for 5 minutes and resusggehith 500pL EDTA (50mM). 100
uL of 30mgmt' Lyosozyme was added to cell suspension and inedbfar 60 minutes at 37°C. Cell lysis was
achieved using NaOH/SDS solution (pH 12.5) andlation 20 min at 37°C followed by 10 min incubatimmice.
Protein removal was carried out with phenol followey chloroform:isoamyl alcohol (24:1) extractiddNA was
precipitated by addition of isopropanol and washiéttt 70% ethanol to remove residual contaminatDNA was
then resuspended in 20-30 uL of TE (Tris 20mM, EDITAM pH 8.0).The concentration and purity of DNAree
analyzed spectrophotometricaly (Shimadzu, UV-1660sPectrometer) by measuring @Q#OD»g,.Only the DNA
with OD,5/ODyg, ratio ranging between 1.8 and 2.0 respectively wsed. The quality of DNA was further
analyzed on 1 % agarose gel (100V for 20-40 mimyaiaing 0.5 pgm ethidium bromide. The endotoxin level in
the DNA preparation were <0.001 nghaf DNA according to Limulius amebocyte lysate assay

2.3. Mice

Swiss albino male mice (18-22gm) maintained ondset laboratory diet (Kisan Feeds Ltd., Mumbai,idhdind
water ad libitum were employed in the present study. The animale wiévided into respective groups each of
minimum six animals, housed individually in the degmental animal house and were exposed to 12 die ©f
light and dark. The experimental protocol was apedoby Institutional Animal Ethical Committee (Rsigation
No: 107/99/CP-CSEA-2010-40) were carried out astperguidelines of committee for Purpose of Contamod
Supervision of Experimental on Animals (CPCSEA) Miry of Environment and Forest, Government of éndi

2.3.1 Experimental animal design: Animals were dided into nine major groups:

Group |: Untreated Control group (not subjected to anyatreent i.e. kept only on diet)

Group I1: Positive control (25mgkLevamisole i.p for 17 consecutive days)

Group I11: Immunized control (mice sensitized with SRBC et on normal diet)

Group |V: Lactobacillus delbrueckii 408.B 405) for 17 consecutive days at the rate ofcElls day* mousé as
oral dose.
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Group V: DNA of Lactobacillus delbrueckii 40®NA LB 405) three injections in left tibialis anterior musdle7]
after 6 days at the rate of 75ug thinousé.

Group VI: Lactobacillus delbrueckii 408LB 403) for 17 consecutive days at the rate ofcElls day* mousé as
oral dose.

Group VII: DNA of Lactobacillus delbrueckii 4000NA LB 403) three injections in left tibialis anterior muscle
[17] after 6 days at the rate of 75pg thmousé.

Group VII1: Bifidobacterium bifidium BD4 234Bif 234) for 17 consecutive days at the rate ofcHlls day
mousé as oral dose.

Group | X: DNA of Bifidobacterium bifidium BD4 23DNA Bif 234) three injections in left tibialis anterior muscle
[17] after 6 days at the rate of 75pg thmousé.

2.3.2 Immunization

Sheep blood was collected in Alsever’s solutiothia ratio 1:2 and was centrifuged at 400 x g forri® at 4 ° C.
The erythrocyte pellet obtained was washed andeswgal in PBS (0.1 M, pH 7.2) for further use as[p8f. All
mice were antigenically challenged intraperitoneslith a single dose (100ul thbf 1 x 10 cells/ml) of sheep red
blood cells (SRBC).

2.4. Humoral Immune Response

To assess the humoral immune response, blood vthdraivn from retro-orbital plexus of all SRBC amtigcally
challenged animals on day O (pre-immunized), 8t &8 (post immunization).The serum was separated and
assayed by direct haemagglutination [19]. Titer weascribed as highest dilution capable of visilgglatination.
The results were expressed as mean + S.E.M. xgdiiindividual animals.

2.5. Cell mediated immune response

2.5.1. Delayed Type Hypersensitivity assay

Delayed Type Hypersensitivity response (DTH) wasakled by foot pad swelling method [20]. All SRBGnped
groups were challenged intradermally on day' ¥ith SRBC suspension (1 x 1000l saling) in the hind
footpad. The control lateral paw was given equative of saline. Paw thickness was measured witlhavgaliper
at 24h interval up to 72h. The difference in paigkhess compared to control was taken as a mea$idéH and
expressed in millimeter. Results are expressedeasm S.E.M. of footpad thickness up to 72h.

2.5.2. Total lymphocyte isolation from the spleen

Spleen was excised aseptically and lymphocytes igetated by teasing the tissue. Cells were cemfefl (400 x g
for 10 min at 4 ° C) and lysed by ACK lyses solati{®.5M NH,Cl, 10mM KHCGQ; and 0.1 mM disodium EDTA,
pH 7.2). Lymphocytes obtained were washed thrideBi$, counted and adjusted to desired concentrati®P M|
for further use.

2.5.3. Nitroblue Tetrazolium Reduction assay

NBT reduction test was evaluated by employing tlethod described by [21]. Briefly, the lymphocytesgension
was incubated with NBT and formazon formed wasaetéd in dioxan. The reduction in NBT was measured
spectrophotometrically at 520 nm (Shimadzu, UV-16%) against dioxan as blank. The results wereessed as
mean + S.E.M. of percentage dye reduced to formazon

2.5.4. Inducible Nitric Oxide Synthase activity

Inducible nitric oxide synthase activity in lymphoe suspension was evaluated by a previously destri
procedure by [21] using arginine. The color devetbp(indicating presence of citrulline) was measured
spectrophotometrically at 540nm against RPMI ang$&rreagent as blank and the results were exprassmean

+ S.E.M. of percentage enzyme produced.

2.5.5. Bactericidal activity

Bactericidal activity was determined by [21]. Blye the lymphocyte suspension was incubated witlstérial
suspensionEscherichia colijat 37° C for 60 min. The lymphocytes were lysethwsterile distilled water spread on
agar plate and incubated at 37 ° C for 24 h. Batsuspension was spread in the control plate. b&rmf colony
forming units (CFU) developed in control and tdsttgs were counted and results were expressed @z n8.E.M.
of bactericidal activity.
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2.6. Statistical Analysis

All the results were expressed as mean + S.E.Ma Datests were statistically analyzed using ong-ARNOVA
followed by Turkey’'s multiple range test, applied post hocanalysis. The data were considered to be statilstic
significant if the probability had a value of 0.656less.

RESULTS

3.1. Humoral Immune Response

In all groups i.e. Positive treated, Immunized ColntLB 405, DNA LB 405 ,LB 403, DNA LB 403, Bif 2Band
DNA Bif 234 no anti SRBC antibody titer was obsahan day 0. DNA LB 405 had a significantly highetibody
titer as compared to LB 405 (neat culture) as degiin (Figure 1).The anti SRBC antibody titer of DNA LB 405
was found to be comparable to that of levamisaated group which is an immune enhancer. Simil&@MNA of
LB 403 and Bif 234 showed higher antibody titecampared to neat cultures.

—e— Control —sa— Antigen sensitized control —a— Bif 234
—>—1LB 403 —¥— LB 405 — —— — DNA Bif 234

—-a — DNA LB 403 — —— — DNA LB 405
12

10

Log 2 anti SRBC antibody titer

Oth 8th 13th

Days post immunization

Figure 1. Effect of different groups on productionof anti- SRBC antibodly titer on pre-immunization(0" day)
and post-immunization (8" and 13" day).
* p<0.05 in comparison to sensitized control

Table 1 Delayed type hypersensitivity response

Foot pad thickness (mm)
Animal Groups Time periods (h) after SRBC challenge
0 [ 24 48 72

Untreated Control | 1.69+0.0L  1.69+0.00 1.69040.] 1.69+0.01
Positive Control 1.70+0.02 1.86+002 2.01+0.04 | 1.81+0.03
Immunized Control] 1.68+0.01 1.72+0:01 1.70+0.01 [ 1.67+0.01
LB 405 1.69+£0.01] 1.77£0.03 1.85+0.01 1.78.63
DNA LB 405 1.70+0.02] 1.87+0.02| 2.11+0.0T | 1.77+0.01
LB 403 1.67+0.01] 1.74+0.02 1.80+0.01  1.70&10
DNA LB 403 1.69+0.01] 1.83+0.02| 2.06+0.02 | 1.73+0.01
Bif 234 1.66 £0.02] 1.70+0.02 1.71£0.01 1.5081
DNA Bif 234 1.67+0.01] 1.72+0.01 1.74+0.0p  160.03

The results are presents as mean +S.E.M (n=6)
p< 0.001 in comparison to untreated control
" p<0.05 in comparison to sensitized control
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3.2. Cell mediated immune response

3.2.1. Delayed type hypersensitivity

Effect of viable bacteria and DNA on T-cell respengas studied by assessing the footpad swellirgrasasure of
Delayed type hypersensitivity. In untreated congabup, no rise in footpad thickness was observémvever,

DNA treated groups showed significant (p< 0.05itdtion of the T-cells response as evident byranease in foot
pad thickness as compared to antigen sensitizetlot@noup and groups receiving neat cultures.dsviound that
DNA of LB 405 and LB 403 showed comparable riséoiotpad thicknesss to that of levamisole treatenigrafter
48 hours Table 1).

3.2.2. INOS activity

Cell mediated immune response is indicatedrigure 2. It was seen that DNA LB 405 treated group showed
maximum activity which was significantly higher @@mparison to control (p< 0.001) and orally treagecup (LB
405).In, DNA treated group of LB 405 iNOS activitsas 27.9 % higher than LB405 group (neat cultu&jmilarly
DNA treated groups of LB 403 and Bif 234 showecdheigiNOS activity than neat culture groups of LEB4hd Bif
234 respectively.

3.2.3. NBT reduction

LB 405 neat culture and its genomic DNA treatedugrasignificantly increased (p<0.05) NBT reductios a
compared to immunized control group. Similar to Bl@ctivity, NBT reduction activity of DNA LB 405édated
group was 24.05 % higher than LB 405 neat cultuoeig(Figure 2).

3.2.4. Bactericidal activity

The effect of Probiotic DNA on bactericidal actitvas studied in terms of number of colony formumgjts

(CFU).The treatment of animals with DNA treatedigre (DNA LB 405, DNA LB403, DNA Bif 234) reducedeh
number of colonies and thus enhanced the bactatiaiivity as compared to neat culture groups 408, LB 403,
Bif 234) (Figure 2).

= Control E Immunized Control LB 405 M DNALB405
B LB 403 E DNALB403 @ Bif 234 B DNABIif234
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Figure 2. Influence of different groups on iNOS advity, NBT reduction and Phagocytic activity. The results

are expressed as mean + S.E.M (n=6)
" p< 0.001 in comparison to untreated control
" p<0.05 in comparison to sensitized control

830
Pelagia Research Library



Aruna Bhatia et al Adv. Appl. Sci. Res., 2012, 3(2):826-832

DISCUSSION

In the present study, the immunomodulatory efficaty.actobacillus delbrueckii 405, Lactobacillus brevi83
,Bifidobacterium bifidium BD 234nd their isolated DNA(DNA LB 405, DNA 403, DNA B234) were compared
on the basis of evoking the immune response in SaiBino mice. Results revealed that isolated DNAhe
probiotic showed higher potency than the wholeicelllive probiotics.

In our study anti SRBC antibody titer developmebglayed Type Hypersensitivity, Nitroblue Tetramofi

Reduction test, Inducible Nitric Oxide Synthasevadl as Bactericidal activity were higher in DNAeated animals
than only probiotic treated groups. These resuitswsthat both the Humoral as well as Cell mediatethune

response are elicited more by genomic DNA than ipt@balone. The possible mechanism for this cdutdthe
activation of T mediated B cells by the CpG segesmaresent in the nucleotides which results inséeretion of
cytokines.

Earlier [22] reported that Unmethylated CpG diratides in bacterial DNA or synthetic CpG sequef@eG S)
DNA rapidly activate murine B cells to secrete 1L46-10 and Ig M as well as their proliferation. &tauthors
observed that within 30 minutes after CpG DNA sfaion in vivo, IL-6 mMRNA levels increased in liver, spleen
and thymus cells. Serum IL-6 protein was markediyréased within 1 hour of stimulation. Immunostiataty
CpG and non CpG Oligodeoxynucleotides (ODNs) halveady been identified from the genomic DNA of
probiotics [23].

Levamisole is a well-known stimulant of B cell, &llc monocytes and macrophages. Hence, Levamisateused
as a positive control while studying the effectpobbiotics on immune response. In our experimeanisnals were
sensitized with SRBC. SRBC mediated immune respinaehighly sensitive indicator of immunologicategrity

and requires coordinated interaction of various imen system cells [24] and our study is a mirrorthug

coordination between the various immune systens.cell

NBT reduction test is an indirect marker of the gety dependent bactericidal activity of the phagexyand
metabolic activity of granulocytes or monocytes,P8. Present results indicate that probiotic DNAcapable of
stimulating the immune function of macrophages ademced by an increase in NBT reduction and banitied
activity in all the treated groups. The functiomaility of macrophages was evident from increasqutession of
iINOS that oxidizes L-arginine to citrulline andrigtoxide. The iINOS activity is correlated to baatilal activity of
macrophages and has been documented as a measumsufomodulatory potential [27].

CONCLUSION

It is concluded that genomic DNA of probiotics ibetter imnmune enhancer than whole bacterial cslpsnsion
and should be exploited for therapeutic potentiaireatment of variety of diseases inc d.ludingatibn, allergy
and cancer.
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