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Abstract

Beneficial bacteria, often used as probiotics, play efficient role in providing
protection against pathogenic microorganisms in humans. Probiotic bacteria
like many Lactobacillus sp. (L. acidophilus, L. casei etc.), Bafidobacterium sp.
Streptococcus thermophiles, Bacillus coagulans, etc. are beneficial and nowa-
days are used as supportive therapeutics. Even Lactobacillus is highlighted for
showing the anticancer effects on some human cancer cells (cervical, gastric,
colon, breast cancer). Some specific antibiotics like peptide antibiotic, Acido-
lin; some specific bacteriocins and some metabolites like H,O,, acetic acid,
lactic acid produced by Lactobacillus sp. kill or inhibit other microorganisms
mainly gram positive and gram negative bacteria, including both enteropa-
thogens and spore formers. Proteins like Enterolisin A, Labyrintho peptin A2,
etc. show promising anti-cancer activities. Lactobacillus has effective role in
clinical and industrial fields. Clinically it is used to manufacture medicines,
some hormones and industrially used for broad fermentations, etc. Studies are
going on to use Lactobacillus in more broad ways, by improving strains, in-
creasing specificity, making more effective and to find out some other charac-
teristics to prepare them as more natural therapeutic modality.
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1. Introduction

Despite of several antibiotic therapies, surgery, chemo preventive even radio the-

rapeutic approaches diseases, like some microbial diseases and obvious cancer,

show poor prognostic outcome. The main downfall of modern science nowaday

DOI: 10.4236/jct.2017.82009

February 9, 2017


http://www.scirp.org/journal/jct
https://doi.org/10.4236/jct.2017.82009
http://www.scirp.org
https://doi.org/10.4236/jct.2017.82009
http://creativecommons.org/licenses/by/4.0/

A. Sadhu, K. K. Ganguly

is the lack of specificity. For example in the case of cancer, all the traditional can-
cer therapies, including various surgeries, hormonal therapies, immune therapies,
etc. show a lack of efficacy in terms of long-term outcome because of their failure
to target cancer cells and toxicity due to non-specific effects on normal cells [1].
Bacteria and fungus may exert deleterious effects on their host in several ways,
like conversion of toxic metabolites from ingested material, secretion of toxic
substances directly into host, and trigger the inflammatory pathways. Alternative
approaches try to boost normal body immune system to fight against those con-
ditions. But a comparatively new strategy has arisen from the development of the
field of “Microbiome” in treating different human diseases.

Beneficial bacteria mainly “probiotics” play efficient role in providing benefits
to humans. During the past two decades, probiotic (health promoting) microor-
ganisms mainly of genus Lactobacillus have been increasingly included in vari-
ous types of food products, medicines etc., especially in fermented milk products
[2]. Beneficial effects conferred by lactobacilli include inhibition of pathogenic
organisms, such as Sa/monella, Shigella, Helicobacter (causing gastric ulcer),
Staphylococcus (causing Boils, impetigo, food poisoning, toxic shock syndrome,
etc), Enterococcusm and pathogenic E. coli (causing Urinary Tract Infection
(UTlIs), endocarditis, bacteremia, wound infections, intra-abdominal, pelvic infec-
tions, etc.), Aspergillus niger (causing Aspergillosis, allergic reaction, fungal
growth) etc. Lactobacillus is more highlighted for showing the anticancer effects
on some cancer cell lines of human (HeLa, cervical, colon, gastric, AGS; HT-29;
breast, MCF-7), and on human normal cell line (human umbilical vein endo-
thelial cells [HUVEC]). Lactobacillus is so important because it exhibits desira-
ble properties and activities with no significant cytotoxic effects. Overall, Lacto-
bacillus showed favorable potential as a bioactive therapeutic agent [3].

This article is focused to review some of the current findings highlighting an-
ti-microbial and anti-tumor effect of some human beneficial bacteria. This will
also indicate some important molecules which may show in future significant
clinical and industrial applications. Here we have followed the given pattern of

data collection strategy as shown in Figure 1.

2. Spectrum of Activities

2.1. Antimicrobial Activity of Lactobacillus

Studies show that ZLactobacillus is capable of inhibiting growth of other micro-
organisms or killing them. Lactobacillus shows antibacterial activity against
Staphylococcus, Enterococcus and E. coli by recording the zone of inhibitions
for all cases. °NRRL B-227, an active strain of Lactobacillus sp. as well as Acido-
lin an antibiotic produced by Lactobacillus shows various activities against Gram
positive and Gram-negative target strains, including both entero-pathogens and
spore formers especially human intestinal bacterial pathogens [4] [5]. Though it
was not effective against some of the lactic acid bacteria including the organism
with which it was associated, L. acidophilus 2181 [5]. Studies also show that

Lactobacillus bacteriocin inhibits the growth of bacteria like Bacillus mycoides,

K2
035: Scientific Research Publishing

97



A. Sadhu, K. K. Ganguly

‘ Topic of the review ‘

y

Studying the relevance of this among current
researches worldwide- Introduction

|

Identifying the activities affected by the concerned
type of organisms, reported in recent literatures.

l

’ Focusing the target molecules affected by Lactobacillus. }

‘ Studying the chemicals, or molecules, actually regulating those targets. ‘

Summarizing some current field applications of Lactobacillus and such
probiotic therapeutic strategies .

Based on the review on current advancements in this topic, we proposed
some future approaches which may play crucial role in using Lactobacillus
as a pivotal regulator of many microbial as well as tumorigenic pathological
conditions.

Figure 1. Flow chart to illustrating the selection process of relative literatures.

Staphylococcus aureus, Proteus vulgaris and Streptococcus faecalis. Though Ba-
cillus cereus, Bacillus amyloliquifaciens, Pseudomonas aeruginosa and Salmo-
nella typhi shows resistant to the isolates producing antibacterial substances [6].
Another metabolite hydrogen peroxide (H,0,) produced from Lactobacillus sp.
inhibits the growth of E. coli and Bacillus sp. and the application of minimum
concentration results in growth inhibition of many infectious bacteria like
Gardnerella, Salmonella sp., Chlamydia, Trichomonas and Neisseria, isolated
from cervicovaginal infections [7]. Lactobacillus also shows the ability to inhi-
bit the formation of Staphylococcus sp. biofilm and also acts as an antibiofilm
agent [8]. All reports prove that Lactobacillus has an effective anti-microbial

activity.

2.2. Antifungal Activity of Lactobacillus

Reports say that Lactobacilllus also has an effective antifungal activity. Studies
show that Lactobacillus shows antifungal activity against some pathogenic fun-
gus like R. solani and, F. oxysporum. The obtained results showed that the iso-
lates were significantly active on both R. so/ani and F. oxysporum as compared
to the control. It shows the growth inhibition (GI %) against both fungus ranges
from 26.7% to 52.3%, and 17.1% to 51.2% respectively [2]. Strong antifungal ac-
tivity of Lactobacillus brevis KR3, KR4, KR51 and KR53 against A. awamori and
P. claviforme was detected in repeated (triplicate) tests. A full inhibition in most
of the samples with A. niger and F. graminearum was also obtained. But excep-
tionally L. brevis KR53 shows no effects on A. niger and F. graminearum [9]
Another study shows that Lactobacillus sp. inhibits the growth of fungus like A.

fumigatus and A. niger spores and mycelia [10].
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2.3. Tumor Cell Migration Inhibition

Reports also show that Lactobacillus can inhibit tumor cell migration. Lactic acid
bacteria (LAB) show effects on some specific types of cancers like colorectal
cancer, liver cancer, bladder cancer, breast cancer, gastric cancer. Effect of Lac-
tobacillus was also reported on some human cancer cell lines like [11] SNU-1
[12] SNU-C2A, a colon adenocarcinoma cell line [13]. DLD1, a colon adenocar-
cinoma cell line, a pseudo diploid human cell line with the chromosome number
of 46, shows retarded migration in response to Lactobacillus [14] [15] [16].
K562, a leukemia cell line. In K-562 cell line the stemline chromosome number
is triploid, also shows appreciable decrease in migration under same bacterial
activity [17] [18] [19]. Reports have shown A549, a lung carcinoma cell line
showing migration inhibition in presence of the same bacteria. The rate with
higher ploidies was low. There were 6 markers present in single copies in all
cells. Though most cells had two copies of both X and Y chromosomes, one or
both Y chromosomes were seen to lost in 40% of 50 cells that were analyzed. N2
and N6 chromosomes had single copies per cell and N12 and N17 had 4 copies
[20] [21] [22]. A498 is a kidney carcinoma cell line. It is a cell line with Hyperte-
traploid chromosomes and it’s modal chromosome number is 96 [23] [24]. HT-
1376 a urinary bladder carcinoma cell line with 2n = 46, hypertetraploid chro-
mosome. It’s modal chromosome number varies from 104 to 121 [25]. HeLa is
cervix carcinoma cell line. Its modal chromosome number is 82. There are four
types of HeLa marker chromosomes have been identified. HeLa Marker chromo-
somes contain 1 copy of Ml, 1 copy of M2, 4 - 5 copies of M3, and 2 copies of M4.
M1 is a rearranged with the long arm of chromosome 3 and centromere of
chromosome 1, M2 is a hybrid of long arm of chromosome 5 and short arm of
chromosome 3, M3 is an iso-chromosome of the short arm of chromosome 5
and M4 consists of the long arm of chromosome 11 and a chromosome 19 arm
[26] [27] [28] [29]. Reports with MCF7 showed some biosurfactants produced
by Lactobacillus paracasei subsp. paracasei A20 having potential for breast can-
cer treatment [25] [30] [31] [32] [33]. HepG2 is a hepatocarcinoma cell line. Its
modal chromosome number is 55 and has a rearranged chromosome 1 [34] [35]
PC3 is a prostate carcinoma cell line. The line is near-triploid with a number of
62 chromosomes. Nearly 20 marker chromosomes commonly found in each cell
was reported. But normal N2, N3, N4, N5, N12, and N15 are not found. No
normal Y chromosome was detected [36] [37]. Report shows that lactobacillus
bacteriocins have a cytotoxic effect on neoplastic cell lines of both human and
animal. The effect on cells from animal origin is more than human origin [38].
Another study shows that concentrated filtrate of Lactobacillus acidophilus had
a significant cytotoxic effect on growth of AMN cell line [39].

2.4. Tumor Cell Proliferation Inhibition

Lactobacillus is capable to modulate cell proliferation and apoptosis. Such activi-
ties are useful for future cancer prevention strategies. In vitro studies have re-

ported the anti-proliferative and pro-apoptotic effects of Lactobacillus in various
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cancer cell lines while in vivo studies have shown the inhibitory activity of pro-
biotics on liver, bladder and colon tumors [40]. LAB has the probiotic characte-
ristics including acid tolerance, Flactate production and has the ability to attach
with the epithelium cells. Lactobacillus acidophilus and Lactobacillus casei
shows inhibitions of cell growth. In particular, the HK cells of Lactobacillus aci-
dophilus appeared to be the most effective at inhibiting the growth of cancer cell
lines like HeLa, SNU-1, HT-29 (an epithelial cell line) with modal chromosome
number 71. In HT-29 the stem line chromosome is hyper-triploid with occur-
rence rate of 2.4%. There is a presence of seventeen marker chromosomes (single
copy per chromosome) mostly found in metaphases [41] [42] [43] [44] and
PANC-1 is a pancreatic epithelioid carcinoma. Chromosome studies show that
about 22% of the cells were found with modal chromosome number 63 and
about 32% of cells were found with the modal chromosome number 61. This is a
hyper triploid human cell line [45]. The HK cells of Lactobacillus acidophilus
were less effective, however on U-87 cells (modal chromosome number of 44). It
is a brain glioblastoma; astrocytoma cell line. This is a hypodiploid human cell
line with the occurrence of 48% of cells. The rate of higher ploidy was 5.9%. Re-
ports shows that there are twelve markers were common to all cells in which on-
ly one copy of normal X was present [46] [47] [48]. The HK cells of Lactobacil-
luscasei exerted anti-proliferative effects on all cell lines with the exception of the
PANC-1 cells [49].

3. Nature of Components Secreted by Those Beneficial
Bacteria

All micro-organisms have some special components like metabolites, proteins,
toxins, bacteriocins, etc. that are secreted to inhibit other micro-organisms, or to

kill cells, inside the host cells or in vitro.

3.1. Antibiotic

Many bacteria produce some specific antibiotic to inhibit the growth of other
microorganisms. Lactobacillus is one of them that produce antibiotics. Lactoba-
cillus produces an antibiotic named peptide antibiotic. This peptide antibiotic
leads to the antimicrobial activity. After purification and characterization of that
antibiotic it is found that the peptide antibiotic is a bacteriocin antibiotic [4].
Another antibiotic Acidolin is a low molecular weight molecule about approx-
imately 200 Da. It is acidic in nature. It is highly hygroscopic and thermo stable
and reported to possess a yellow-brown color, produced by Lactobacillus acido-
philus that kill or inhibits other microorganisms mainly of gram positive and
gram negative strains including both enteropathogens and sporeformers. It was
not effective against some of the lactic acid bacteria including the organism with

which it was associated, L. acidophilus 2181 [5].

3.2. Bacteriocins

Lactobacillus sp. is capable to produce its specific biofilm and bacteriocin as well.
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Bacteriocin shows strong antimicrobial activity against many pathogenic bacte-
ria like Streptococcus faecalis, Bacillus mycoides, Staphylococcus aureus and
Proteus vulgaris. It is also reported that Pseudomonas aeruginosa, Bacillus amy-
loliquifaciens, Salmonella typhi and Bacillus cereus shows resistance to bacteri-
ocin. The resistant activity is different from strain to strain. The degree of inhi-
bition was grouped as very strong inhibition (15 - 18 mm), moderate inhibition
(6 - 9 mm) and no inhibition. Bacteriocins isolated from strains like BFLI and
GAL2 strongly inhibit the growth of Bacillus mycoides BFL2, GAL2 and GAL3
inhibit Staphylococcus aureus moderately and BFL1, GALICWL1, CWL17,
CWL25 and CWL29 inhibit Staphylococcus aureus very strongly. Bacteriocin
inhibited Proteus vulgaris and Streptococcus faecalis at a higher range compared
to other strains. Klebsiella pneumonia is strongly inhibited by BFL1 and GAL1
strains. “Bacteriocin also shows ability to inhibit the growth of human cancer cell
lines. Different concentrations of bacteriocin shows significance inhibitory on of
RD and MDCK cell lines [40]. RD is a muscle rhabdo-myosarcoma cell line. It is
reported that the RD cell line is unstable within a hyperdiploid bimodal stemline
number of 49 and 50. It is seen that there are a total of twenty-two cells had
chromosome associations Ze. 15 cells contains micro-chromosomes, 2 cells con-
tains breaks, 2 cells with fragments, 2 cells had achromatic gaps and 1 cell with a
secondary constriction [50] [51]. MDCK is a kidney cell line. Reports shows that
it is a hyper diploid canine cell line with a modal chromosome number of 76 and
has low polyploidy rate. Several unidentifiable marker chromosomes were
present in most of the cells [41] [52]. Bacteriocins like Lsl_003, Lsl_0554, and
Lsl_0510shows anticancer activity [53].

3.3. Proteins

Various proteins contained in bacteria, or secreted from the bacteria are respon-
sible for antimicrobial activity as well as antitumor activities. Studies show that
the antimicrobial activity of Lactobacillus was responsible for the expression of
heterologous protein. GFP expression was confirmed by the presence of a
27-kDa protein [54]. Another report shows that bacteriocins produced by lactic
acid bacteria exert similar characteristics to microsins. These gene-encoded bac-
teriocins are peptides with low molecular weight (less than 60 amino acids) [55].
The gram positive bacteriocins are generally divided into class I which are mod-
ified peptides called lantibiotics. Lantibiotics are peptide antibiotics that contain
the polycyclic thioether amino acids like lanthionine or methyl anthionine, as
well as two unsaturated amino acids 2-aminoisobutyric acid and dehydroalanine
[56] [57] [58]. Class II are generally unmodified peptides called non-lanthionine.
Lanthionine is reported a non-proteinogenic amino acid with the chemical for-
mula (HOOC-CH(NH2)-CH2-S-CH2-CH(NH2)-COOH). It is them on osulfide
analog of cystine, lanthionine is composed of two alanine residues that are cros-
slinked on their S-carbon atoms by a thioether linkage [59]. Class III is large
proteins and is heat unstable. ClassI bacteriocins are again subdivided intol anti-

biotics (e.g. Line arpeptidenisin and globular peptide mersacidin), labyrinth
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peptins (eg. globular peptide labyrinthopeptin A2) and sactibiotics (e.g. globular
peptide subtilosin A). Class II bacteriocins are generally less than 10 kDa con-
sists of 30 - 60 amino acids, which exhibits properties like heat tolerance, posi-
tive charge and unmodified non-lanthionine. Class III bacteriocins are generally
greater than 30 kDa i.e. large molecular weight proteins. They are heat unstable.
They can be again sub-divided into two groups. Group A bacteriocins are the
bacteriolytic enzymes which kills bacteria by lysis of the cell wall, (e.g. Enteroli-
sin A). Group B bacteriocins are non-lytic proteins (eg. Caseicin 80 and Helveti-
cin) [55]. There are three hypothetical bacteriocins, namely Lsl_003, Lsl_0554,
and Lsl_0510 which are functionally similar to Azurin (mainly found in Pseu-
domonas sp.) shows anticancer activity by inhibiting cancer cell proliferation
[53]. Azurin reported to inhibit growth of cancer cells by inhibition of cell
signaling, inhibition of angiogenesis and stabilization of p53. Azurin is a pe-
riplasmic blue copper protein found in some bacteria, that undergoes oxida-
tion-reduction reactions between Copper atoms (Cu (I) and Cu (II)), and
transfers electrons between enzymes. Reports show that in spite of Azurin, Laz
(lipidatedazurin) produced by the members of Gonococci/Meningococci, in-
cluding Neisseria meningitides shows anticancer effects. Laz contains an H.8
epitope which is an additional 39 amino acid moiety present in the N-terminal
part of the azurin which triggers Laz to cross the entry barrier to brain tumors
such as glioblastomas [60]. The architecture of azurins seems like plastocyanins,
with the presence of a “back flap” The additional back flip formed by two a-he-
lices which are located between the fifth and sixth p-strands. Azurins and
pseudoazurins undergoes oxidative deamination of primary amines and deni-
trification processes by shuttling electrons from aromatic amine dehydroge-
nase to cytochrome oxidase and from some c-type cytochromes to nitrite re-
ductases [61]. Azurin has the ability to penetrate cancer cells without mem-
brane disruption and an efficient anticancer activity suggests that Azurin may
be effective against different types of tumors with less side effects than current

anticancer therapeutics [59].

3.4. Other Organic Secretions

Other organic compounds like some acids, polysaccrides, some metabolites, etc.
Lactobacillus is well known for its ability to produce lactic acid, acetic acid. The
acids make the medium extremely acidic hence inhibit the growth of other mi-
croorganisms. Some strains of Lactobacillus produces high amount of hydrogen
peroxide (H,O,) as their metabolite. This H,O, is responsible for the antimi-
crobial activity. H,O, inhibits the growth of Streptococcus sp., E. coli, Bacillus
sp. etc. [7] [62]. Lactobacillus is known to inhibit cancer cells. A polysaccharide
fraction of L. acidophilus causing a death of HT-29 cancer cell lines by inducing
apoptosis, also polysaccharide isolated from Lb. acidophilus were significantly
regulated the expression of BCI-2 interacting protein and cell division cycle pro-
tein [39]. The chemicals and proteins we have just discussed, is summarized in
Figure 2.
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Bladder
cancer

Lactobacillus sp.

Breast Liver
cancer cancer

Figure 2. Some proteins of different cancer cells are either inhibited or induced by Lac-
tobacillus sp. to prevent tumor formation: the figure has summarized some of the target
molecules, by regulation of which Lactobacillus sp. is reported restrict formation and/or
progression of the carcinoma of breast, liver, colon or bladder.

4. Molecular Mechanisms That Leads to the Activities

It is believed that the anti-microbial or anti-cancer activities by a microorganism
exerted some basal intracellular mechanisms or some mode of actions. This sec-
tion will highlight the mechanisms of some of the important metabolites, bacte-
riocins or proteins are discussed as follows. Peptide antibiotics are known for its
anti-microbial and anti-cancerous activities. Examples are bacitracin, actinomy-
cin, colistin, and polymyxin B. The mechanism of action of peptide antibiotic
suggested by the model of Gregory et al i.e. “polypeptides antibiotics induce the
transient existence of a chaotic pore state by creating structural destruction and
tensions when they situate in a lipid bilayer” [63] [64]. The detailed mechanisms
of action of other polypeptide antibiotics are largely unknown but assuming it is
directed to bacterial membranes [65]. Acidolin inhibits pathogenic microorgan-
isms by preventing them from attaching or penetrating to the host cells. It is
done by making the barrier effect of the intestinal mucosa stronger and releasing
of metabolites that protects the gut. The metabolites may be arginine, glutamine,
short-chain fatty acids, conjugated linoleic acids, etc. [66]. Bacteriocins pro-
duced by lactobacillus sp. not only can be divided on the basis of their structures,
but also on the basis of their mode of action. Some of the members of class I i.e.
lantibiotic bacteriocins, such as nisin, reported to have a dual mode of action.
The mode of action involves the binding of bacteriocin proteins to lipid II, and
prevents the transport of peptidoglycan subunits to the cell wall, and therefore
leads to the synthesis of incorrect cell wall, results in cell death. They can also
use lipid II as a docking molecule that can initiate a process of pore formation

and membrane insertion that leads to cell death. A two-peptide lantibiotic, e.g.
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lacticin 3147 that can have these dual activities with the distribution across two
peptides, whereas mersacidin has only the lipid-II-binding activity, but it does
not form pores. Generally class II peptides have a helical structure that is am-
phiphilic in nature, which helps them to insert into target cell membrane and
leads cell death. Large bacteriolytic proteins like lysostaphin, can function di-
rectly on the Gram-positive cell wall, leading to death and lysis of the target cell
[67]. Azurin is a copper containing redox anticancer protein. Azurin enters into
the cytosol of cells and travels to the nucleus and increases the intracellular levels
of p53 and Bax, which in turn triggers the release of cytochrome-c from mito-
chondria to the cytosol that activates the caspase cascade, and results inapoptotis
[68]. Oxidative biocides like H,O, are reported to have multiple targets within a
cell and the biomolecules present in the cells. The action includes disruption of
membrane layers, enzyme inhibition, impaired energy production, oxidation of
nucleosides, disruption of protein synthesis and finally cell death [69]. Other
metabolites like lactic acid, acetic acid also exerts some basal mechanisms. They
make the surrounding environments acidic that inhibits the growth of other mi-
croorganisms. So, naturally these molecules do not show any specificity in
choosing their target cells, which may confer some physiological tissue damage.
But at the same time we should consider that the dose of these chemicals, pro-
duced by Lactobacillus is not of that level which can cause organ or systemic
damage. This again indicates the usefulness of some therapeutic strategy which
is already a component of normal microbial flora or our innate immune sys-

tem.

5. Clinical and Industrial Implication

Lactobacillus is well known for its probiotic nature. Lactobacilli live in the uri-
nary, digestive and genital tracts of humans. Lactobacillus prevents diarrhea in
children, or bacterial vaginal infections, prevents infection from Helicobacter
pylori, inflammatory diseases, Bowel syndromes, allergy and also improves mu-
cosal immunity. However, it cannot prevent infections in urinary tract, ineffec-
tive against lactose intolerance, and yeast infections [70] [71]. Many Lactobacil-
lus sp. having promising therapeutic properties like anti-inflammatory, anti-
microbial, anti-cancerous and some other activities like prevents dental caries.
Lactobacillus produces metabolites lactic acid, acetic acid; hydrogen peroxide
that inhibits growth other micro-organisms, hence prevents infection. Lactoba-
cilli can also be used to restore particular physiological balance such as in the va-
ginal eco-system [72]. The antibacterial and antifungal activity of Lactobacillus is
based on the production of bacteriocins and compounds with low-molecular
weight that inhibits these microorganisms. Lactobacillus is also known for some
antibiotics, peptides, insulin, etc. On the other hand ZLactobacillus has many in-
dustrial applications. Lactobacillus fermentation is popular in industries to pro-
duce milk products, probiotics like yogurt. Other products like cheese, pickles,
beer, wine, kimchi, cocoa, etc. Lactobacillus is also applied for food preservation

as it has a effective antimicrobial activities.

104

K2
o5
“t:o

Scientific Research Publishing



A. Sadhu, K. K. Ganguly

6. Future Perspectives

In present world use of probiotics has received much importance as an inexpen-
sive great remedy to curing disease as well as maintaining health. Probiotics are
more highlighted due to its promising anti-microbial effects and due to presence
of high nutrient contents. With the use of probiotics the use of antibiotics may
be neglected as they lead to side effects. As discussed earlier that any treatments
may be diseases or cancer needs high specificity. The lactobacillus may be used
for specific reasons like its high specificity in future. Future research must inves-
tigate the mechanisms of infections by different microorganisms and how they
can be prevented by probiotics. With this knowledge, optimal strains can be de-
veloped. One of the main parameter of probiotics is the viability for developing
various food products. New technologies can be developed to enable high cell
yield, metabolites at large scale and to keep the probiotic effects in foods for a
long period of time. Various food matrices, dairy and non-dairy, have been used
with probiotics and were briefly discussed earlier. In future the probiotics may
be used as medicines for specific diseases. Probiotics can be used to produce
hormones like insulin in large scale and has a capability of fermentation and in
future researches mat increase the fermentation rate. With different current
technologies like microencapsulation, cell immobilization and continuous fer-
mentation many important metabolites like enzymes, antibiotics, hormones etc
can be produced. In future the application of probiotics can be spread outside
the pharmaceutical and supplement industries [73]. The conceptual summery of

the bacteria- cancer cells interactions are given in Figure 3.

7. Conclusion

Lactobacillus is effectively beneficial to human welfare. The uses of probiotics
cover a wide range of diseases and industrial applications. The use of probiotics
in medical practice is rapidly increasing, as are studies that demonstrate the effi-
cacy of probiotics. Lactobacillus has positive effects on anti-microbial, an-
ti-cancer, anti-inflammatory, anti-diabetic activities. It prevents harmful infec-

tions by inhibiting some pathogenic bacteria. The probiotics like yogurt are useful

Anti migratory.
Anti profilatory.

o ; H,O,, Lactic acid
Other metabolites |~
P
Peptide antibiotics, = - (o
Acidolin |

Figure 3. Lactobacillus sp. shows the discussed activities with some important secretory

Class I, Il, Ill, Azurin |

products: The above diagram is showing a glance of different types of secretory chemicals
which actually confer the anti-microbial as well as anti-tumor activities.
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for humans. Current researches are going on Lactobacillus to improve strains,
making more effective and to find out some other effective characteristics. Col-
lectively, the spectrum of the activities of probiotic organisms is increasing as an
alternative and/or combinatorial therapeutics as well as a suitable vector to in-

troduce target molecules within human body.
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