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Appendix (1)-A: Significant differences of the effect of M6-80 crude
extract on AMN-3 cell line after incubation period for 24 h.

Group || Conc. (ug/ml)| O.D. Mean * (SE x 10)
0.312 0.44100 + 3.215
0.625 0.43500 + 2.673
1.25 * 0.40700 + 3.052%
Treated
2.5 0.39400 + 0.012
5 0.36100 + 5.294
10 0.27900 + 5.132
Control 0.44500 *= 1.997

*different letters= significant differences (P<0)@etween mean.

Appendix (1)-B: Significant differences of the effect of M6-80 crude
extract on AMN-3 cell line after incubation period for 48 h.

Group || Conc. (ug/ml)| O.D. Mean * (SE x 10)
0.312 0.42533 + 3.845
0.625 *0.38900 + 7.638
1.25 0.37433 + 6.766
Treated
2.5 0.32067 + 8.873
5 0.27700 + 5.860
10 0.25133 + 7.309
Control 0.43200 * 2.644

*different letters= significant differences (P<0)@etween mean.
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Appendix (1)-C: Significant differences of the effect of M6-80 crude

extract on AMN-3 cell line after incubation period for 72 h.

Group || Conc.(ng/ml)| O.D. Mean * (SE x 10)
0.312 0.40433 + 3.285
0.625 *0.37200 + 8.082
1.25 0.32400 + 5.565
Treated
2.5 0.29533 + 4.255%
5 0.29100 + 6.027
10 0.21600 + 4.041
Control 0.41300 = 3.510

*different letters= significant differences (P<0)@etween mean.

Appendix (2)-A: Significant differences of the effect of B6-80 crude

extract on AMN-3 cell line after incubation period for 24 h.

Group || Conc.(ug/ml)| O.D. Mean + (SE x 10)
0.312 0.44567 + 5.455
0.625 0.43000 * 6.246
1.25 0.42200 + 8.01%
Treated
2.5 *0.39700 + 2.51%
5 0.37600 + 5.132
10 0.32300 + 7.028
Control 0.44700 + 4.162

*different letters= significant differences (P<0)@ietween mean.
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Appendix (2)-B: Significant differences of the effect of B6-80 crude

extract on AMN-3 cell line after incubation period for 48 h.

Group || Conc.(ng/ml)| O.D. Mean * (SE x 10)
0.312 0.44200 + 5.565
0.625 0.41800 + 5.565
1.25 *0.37400 + 7.095
Treated
2.5 0.38600 + 4.728
5 0.36400 + 5.565
10 0.28400 + 5.132
Control 0.44167 +3.931

*different letters= significant differences (P<0)@etween mean.

Appendix (2)-C: Significant differences of the effect of B6-80 crude

extract on AMN-3 cell line after incubation period for72 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.43400 * 5.565
0.625 * 0.40200 + 7.095
1.25 0.38000 * 6.558
Treated
2.5 0.35000 + 7.026
5 0.28067 + 6.010
10 0.24567 +5.455
Control 0.43567 +5.445

*different letters= significant differences (P<0)@ietween mean.
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Appendix (3)-A: Significant differences of the effect of V6-80 crude
extract on AMN-3 cell line after incubation period for 24 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.46800 + 2.084
0.625 0.45833 + 2.904
1.25 *0.42600 + 4.582
Treated
2.5 0.42267 + 5.363
5 0.39000 + 3.518
10 0.35200 + 2.084
Control 0.47000 *+ 4.584

*different letters= significant differences (P<0)@etween mean.

Appendix (3)-B: Significant differences of the effect of V6-80 crude
extract on AMN-3 cell line after incubation period for 48 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.45667 + 3.279
0.625 *0.41400 + 4.041
1.25 0.41500 + 3.510
Treated
2.5 0.36500 + 5.565
5 0.32000 + 0.019
10 0.30900 + 6.108
Control 0.46200 = 4.162

*different letters= significant differences (P<0)@etween mean.
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Appendix (3)-C: Significant differences of the effect of V6-80 crude
extract on AMN-3 cell line after incubation period for 72 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.42200 +5.132
0.625 *0.38400 + 5.686
1.25 0.32000 + 6.656
Treated
2.5 0.27200 + 7.551
5 0.25400 + 4.509
10 0.20000 + 9.607
Control 0.45900 = 5.034

*different letters= significant differences (P<0)@etween mean.

Appendix (4)-A: Significant differences of the effect of CWP crude
extract on AMN-3 cell line after incubation period for 24 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.46267 + 5.363
0.625 *0.44100 + 5.29%
1.25 0.38500 + 6.108
Treated
2.5 0.38000 + 7.551
5 0.34100 + 7.76%
10 0.28700 + 7.095
Control | 0.46500 * 3.054
Control Il 0.42800 = 4.041

*different letters= significant differences (P<0)@etween mean.
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Appendix (4)-B: Significant differences of the effect of CWP crude
extract on AMN-3 cell line after incubation period for 48 h.

Group || Conc.(ug/m)| O.D. Mean + (SE x 10)
0.312 0.45400 + 4.041
0.625 * 0.40100 + 8.082
1.25 0.36700 + 3.215
Treatred
2.5 0.31100 + 5.132
5 0.30300 * 3.602
10 0.26100 +5.132
Control | 0.45600 + 4.162
Control Il 0.42800 + 4.041

*different letters= significant differences (P<0)@ietween mean.

Appendix (4)-C: Significant differences of the effect of CWP crude
extract on AMN-3 cell line after incubation period for 72 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 *0.40400 + 3.510
0.625 0.38600 +5.132
1.25 0.33800 + 0.027
Treated
2.5 0.32200 +5.132
5 0.22400 + 4.58%
10 0.24200 + 0.035
Control | 0.43500 + 3.510
Control Il 0.42800 + 4.041

*different letters= significant differences (P<0)@etween mean.
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Appendix (5)-A: Significant differences of the effect of M6-80 crude
extract on Hep-2 cell line after incubation period for 24 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.37600 + 4.041
0.625 0.37600 + 4.930
1.25 *0.34900 + 4.509
Treated
2.5 0.34000 + 5.565
5 0.33400 + 4.041
10 0.31600 + 3.602
Control 0.37733 £1.200

*different letters= significant differences (P<0)@etween mean.

Appendix (5)-B: Significant differences of the effect of M6-80 crude

extract on Hep-2 cell line after incubation period for 48 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.36533 +5.236
0.625 0.35433 +3.181
1.25 *0.34600 + 3.215
Treated
2.5 0.34200 + 5.565
5 0.31200 + 3.21%
10 0.30000 + 5.037
Control 0.36600 + 3.602

*different letters= significant differences (P<0)@ietween mean.



Appendices \¥o

Appendix (5)-C: Significant differences of the effect of M6-80 crude
extract on Hep-2 cell line after incubation period for 72 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.35600 + 3.054
0.625 *0.32600 + 2.51%7
1.25 0.33700 + 3.054
Treated
2.5 0.32700 + 2.309
5 0.27000 + 3.519
10 0.25900 + 1.529
Control 0.35900 *+ 3.510

*different letters= significant differences (P<0)@etween mean.

Appendix (6)-A: Significant differences of the effect of B6-80 crude
extract on Hep-2 cell line after incubation period for 24 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.39300 + 5.034
0.625 0.39800 + 0.051
1.25 0.37000 + 6.658
Treated
2.5 0.35000 + 7.028
5 *0.34200 + 3.778
10 0.29400 + 5.565
Control 0.39200 + 4.584

*different letters= significant differences (P<0)@ietween mean.



Appendices AR

Appendix (6)-B: Significant differences of the effect of B6-80 crude

extract on Hep-2 cell line after incubation period for 48 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.37800 + 5.034
0.625 0.36900 + 5.034
1.25 0.35500 + 6.108
Treated
2.5 0.34600 + 2.51%
5 *0.30000 + 2.517
10 0.27567 + 5.455
Control 0.37800 * 5.565

*different letters= significant differences (P<0)@etween mean.

Appendix (6)-C: Significant differences of the effect of B6-80 crude

extract on Hep-2 cell line after incubation period for 72 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.35000 + 6.108
0.625 0.33433 +1.454
1.25 0.33600 + 4.584
Treated
2.5 *0.32400 + 3.602
5 0.25800 + 5.565
10 0.23200 + 4.584
Control 0.36200 *+ 6.027

*different letters= significant differences (P<0)@ietween mean.
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Appendix (7)-A: Significant differences of the effect of V6-80 crude
extract on Hep-2 cell line after incubation period for 24 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.38400 + 5.565
0.625 0.38000 + 6.246
1.25 0.37500 + 5.565
Treated
2.5 *0.34100 + 7.026
5 0.32000 + 7.095%
10 0.34233 + 0.027
Control 0.38400 * 3.602

*different letters= significant differences (P<0)@etween mean.

Appendix (7)-B: Significant differences of the effect of V6-80 crude

extract on Hep-2 cell line after incubation period for 48 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.37100 + 6.108
0.625 0.37000 + 7.076
1.25 *(0.32900 + 5.132
Treated
2.5 0.31400 + 5.565
5 0.31000 + 5.8%
10 0.26500 + 5.03%
Control 0.37100 + 4.728

*different letters= significant differences (P<0)@ietween mean.
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Appendix (7)-C: Significant differences of the effect of V6-80 crude
extract on Hep-2 cell line after incubation period for 72 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.36000 * 6.558
0.625 *0.32300 + 4.58%4
1.25 0.30800 * 4.584
Treated
2.5 0.32500 * 2.51%
5 0.27433 + 4.17%
10 0.21500 + 5.03%
Control 0.36100 + 4.584

*different letters= significant differences (P<0)@etween mean.

Appendix (8)-A: Significant differences of the effect of CWP crude
extract on Hep-2 cell line after incubation period for 24 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.39000 + 5.132
0.625 0.38000 + 6.7F4
1.25 *0.37800 + 4.041
Treated
2.5 0.35567 + 5.455
5 0.32567 + 0.018
10 0.31733 + 0.035
Control | 0.39200 * 3.602
Control Il 0.35700 + 3.602

*different letters= significant differences (P<0)Qietween mean.
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Appendix (8)-B: Significant differences of the effect of CWP crude

extract on Hep-2 cell line after incubation period for 48 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.36333 +5.785
0.625 *0.35500 + 5.132
1.25 0.34800 * 6.246
Treated
2.5 0.30000 * 6.656
5 0.28800 + 5.132
10 0.22500 + 5.132
Control | 0.36700 + 5.565
Control Il 0.35700 * 3.602

*different letters= significant differences (P<0)@etween mean.

Appendix (8)-C: Significant differences of the effect of CWP crude

extract on Hep-2 cell line after incubation period for 72 h.

Group || Conc.(ng/m)| O.D. Mean * (SE x 10)
0.312 0.36100 +5.132
0.625 *0.32800 + 3.787
1.25 0.28900 + 5.132
Treated
2.5 0.28833 + 3.481
5 0.26067 + 0.011
10 0.16500 + 5.686
Control | 0.36300 +4.041
Control Il 0.35700 * 3.602

*different letters= significant differences (P<0)Qetween mean.



Table (3-2): Biochemical tests of the locally isolad Lactococcus Isolates.

NH; | Growth Growth at Growth Acid Production from
e Catalase| Gelatinas | product- _in in 1%
Test Test from litmus methylene

Arginine Milk 10°C | 40°C | 45°C blue Glu | Suc| Lac | Mans | Manl | Arab | Xyl | Gal | Mal | Raf
Lcl - - + + + + - + + + + + + - + + + -
Lc2 - - - + - + - - + + + + + - + + + +
Lc3 - - - + - + - - + + + + + - + + + +
Lc4 - - + + + + - + + + + + + - + + + -
Lc5 - - + + + + - + + + + + + - - + + -
Lc6 - - - + - + - - + + + + + - + + + +
Lc7 - - - + - + - - + + + + + + + + + +
Lc8 - - + + + + - + + + + + + - + + + _
Lco - - - + - + - - + + + + + + - + + +

Glu: glucose. Suc: sucrose. Lac: lactose. Mans: mannose. Manl: mannitol.
Arab: arabinose. Xyl: xylose. Gal: galactose. Mal: maltose. Raf: raffinose.
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Conclusions

1. The crude extracts M6-80, V6-80, B6-80 and CWP of L. lactis possess
conspicuous cytotoxic effect in growth inhibition of both tumor cell lines
AMN-3 and Hep-2 in vitro depending on both concentration and time.

2. The cell line (AMN-3) is most sensitivity to the effects of the crude
extracts of thelocally isolated L. lactisthan Hep-2 cell line.

3. Cel wall protein (CWP) isthe best crude extracts of the locally isolated L.
lactis in their cytotoxicity to the tumor cell lines since it has started its
inhibitory effect in the growth of AMN-3 cell line at the concentration
0.625 ug/ml at incubation period 24 h, while the crude extract M6-80
taking part with CWP as the best extractsin their cytotoxicity to the tumor
cell line Hep-2 as they have begun their inhibitory effect at the
concentration 1.25 ug/ml at incubation period 24 h.

4. The crude extracts of the locally isolated L. lactis have no cytotoxic effect
with observed significance differences in the growth of normal rabbit
embryo fibroblast (REF) cell line.
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Recommendations

1. Extraction of proteins fromisolates of human origin.

2. Performing complete purification for the active compounds present in
the isolate L. lactis that posses confirmed cytotoxic effect in tumor

cells.

3. Study the cytotoxic effect of the active compounds produced by L.

lactisin divers cell lines as possible.

4. Study the effect of the active compounds of L. lactis in laboratory
animals (in vivo) and determining L D50 for each compound.
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3.2: Extraction and Purification of Extracted Proteins
Growth olL. lactis and production of proteins were studied in various
broth media (MRS, VVM and BHI). The proteins wereoguced during
incubation period for 6 h.a time when proteins production is greatly
upregulated in many strains of lactococcal protélasdanet al., 1996). The
results were three extracts (one from each medium@ldition to CWP; these
extracts have given termed according to the praciucnedium and the
saturation ratio with the ammonium sulphates dswviol
 M6-80: Proteins extracted frofn Lactis grown in MRS broth for 6 hr
with 80% ammonium sulphate saturation ratio.
» B6-80: Proteins extracted from lactis grown in BHI broth for 6hr with
80% ammonium sulphate saturation ratio.
» V6-80: Proteins extracted from lactis grown in VVM broth for 6 hr with
80% ammonium sulphate saturation ratio.
 CWQP: Proteins extracted fromlactis cell wall.
The concentrations of proteins in eachupernatants of each medium

were estimated depending on standard curve of BaBle (3-3).

Table (3-3): The Concentrations of total proteinsin supernatants of the

locally isolated L. lactisprotein production media.

The Crude Extract| O.D. (595 nm) Protein concentration (pg/pﬁl
M6-80 0.401 16.226
B6-80 0.330 13.299
V6-80 0.372 15.034
CWP 0.454 18.382

Partial purification of the proteins wamred out by precipitation with

ammonium sulphate. In addition to purification, sthstep leads to
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considerable lose in the concentrations of extchpt®tein (lvanoveet al.,
2000). Table (3-4).

3.3: Extraction of Bacterial Cell Wall Proteins

Bacteria were grown anaerobicafigr 24 h. at 37 °C in 2000 ml of
M17 broth cooled rapidly to 4° C, and harvested by centrifiogg giving 4 g
(wet weight) of tightly packed cell pellet, thisstdt in agreement with Jordan
et al., (1996) who have harvested 30 g of cell pelletfia 14 liters culture of
L. lactis in M17 broth under anaerobic conditions to midaothmic phase.
The quantity of extracted CWP was estimated usiaigdsard curve of BSA.

3.4: The Concentrations of Extracted Proteins

For quantitative estimation of the cortcatons of extracted proteins,
Bradford method was used. This procedure basedherspectral shifof
Coomassie Brilliant Blue G-250 by noncovalent birgdiwith protein. The
dye reacts chiefly with arginine residues, whicképositively charged side
chain, and slight interactions have also been @bsewith basic and aromatic
residues (Joned al., 2003). Coomassie-dye-based binding assay (Bradfor
assay) is simplest to handle and rapid to perfoinpratein assay, highly
sensitive (detect protein in the range from 1-20migcompatibility with
reducing agents. This assay was performed at raonpdrature and no
special equipments are required (Alexander anditBsf 1993).

When compared with standard curve of B8#& concentrations of
extracted proteins were variant; these variatioay fme due to the type of
production media and saturation ratio with ammonismiphate. The
production was highest in MRS broth and this comyaivith Boutrouet al .,
(1998) who observed that several of the proteingweesent in abundance in



Chapter Three ...........ccoeiiii i i i ii e eeeee e ... Results and Digssion 1Y

the supernatants of mid-log-phase cultures of MR&hbmedium when
compared with other production media such as GMit’chemically defined
medium (CDM) containing glucose, this probably doghe inactivation of
the proteins by the proteolytic / peptidolytic gmstof the producer cells by
the ingredients of these media. Along with letial., (2000)the lesser
production was in the BHI broth medium who obsertret the production of
proteins was lower in BHI broth supplemented witytleromycin (10 pg/ml)
or spectinomycin (100 pug/ml) when compared with tfd_uria-Bertani (LB)
medium supplemented with ampicil({h00 pug/ml). Table (3-4).

Table (3-4): The Concentrations of total proteins extracted from the

locally isolated L. lactis after precipitation with ammonium sulphate.

The Crude ExtractsO.D.(595 nm) Protein concentration (ug/ml)
M6-80 0.331 13.572
B6-80 0.251 10.053
V6-80 0.302 12.145
CWP 0.408 16.493

Since the 1980s, many efforts have beadento better understand the
molecular basis of LAB technological properties amabbtain better control
of industrial processes involving LAB. This knowtgghas led researchers to
investigate their potential use for new applicasiosuch as the production of
heterologous proteins in bioreactors, in fermefded products or directly in
the digestive tract of humans and other animalmeSbAB used as probiotic
strains, naturally exerts a positive action in ¢égetintolerant consumers by
providing 3-galactosidase in the gut (de Vresal., 2001; Seegers, 2002).

Besides such natural benefits, another and innovapplication of LAB is
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the antitumor activity to supplement pancreatic gastrointestinal deficiency
in humans (Drouault, 2002).

Cancers of the esophagus and stomach are amomgo$tedeadly of
all gastrointestinal malignancies, with 5-year rabty rates exceeding 80 %
(Donget al., 2002). Since cancer is one of the most popyldrgeases in our
country with variation from one type of cancer twther, this project was
planed choosing this bacteria.

In this study we conducted an initialragtion of proteins found in
relative abundance in the culture supernatanits laictis strain growrin vitro
at 37°C with studying the effect of crude extragtghe locally isolated..
lactis (M6-80, B6-80 and V6-80) in addition to their CWgR two tumor cell
lines (AMN-3 and Hep-2).

3.5: Cytotoxic Effect of the Crude Extracts of the Locally
Isolated L. lactis on Tumor Cel Lines and Normal Rabbit
Embryo Fibroblast (REF) Cell Line

Both tumor cell lines (AMN-3 and Hep-2) and normabbit embryo
fibroblast (REF) cell line were subjected to sixwcentrations (10, 5, 2.5,
1.25, 0.625 and 0.3125 pg/ml) that were preparédaafold dilution manner
of each of the four crude extracts lof lactis (M6-80, B6-80, V6-80 and
CWP) for three periods of incubation (24, 48 anch)2

The results of this study showed that the cytotefiect of these crude
extracts and CWP was palpable in the growth of tuo@l linesin vitro
during three incubation periods (24, 48 and 72réspectively, with high
significance effect and variations among the cotreéions of the crude

extracts when treating both tumor cell lines (AMNy3 Hep-2).
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(A) The Effects of the Crude Extractsof L. lactison AMN-3 Cell Line

AMN-3 tumor cell line was used at the passage 50 an@ceh to the
concentrations mentioned in (3.5) of each crudeaektfor three periods of
incubation (24, 48 and 72 h) respectively. The lteshowed that there was
an obvious cytotoxic effect for these concentraionthe growth of AMN-3
cell line during the three periods of incubatiorattthas started at certain
concentrations and continued to the higher conagatrs reaching the last
concentration when compared with the control. Alsayas observed that
there were variations in cytotoxic effect betweae extract and another and
among the concentrations of the same extract budifedrent periods of
incubation. Table (3-5).

Table (3-5): The concentrations of the crude extracts of the locally
isolated L. lactis at which the cytotoxic effect on AMN-3 cell line has

started after incubation for different periods.

The concentrationgig/ml) at which the cytotoxic effect

The Crude
has started after:
Extracts
24 h 48 h 72 h

M6-80 1.25 0.625 0.625
B6-80 2.5 1.25 0.625
V6-80 1.25 0.625 0.625
CWP 0.625 0.625 0.312

I. The Effect of the Crude Extract M6-80

As shown in figure (3-1), appendix (1)-A; this deu extract has
cytotoxic effect in the growth of AMN-3 cell lingasting at the concentration
1.25 ug/ml with high significance difference £B.001) accompanied with
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increased cytotoxic effect toward the higher cotr@dions when compared
with the control (the same cell line treated witkMs only) during the
incubation period 24 h. The concentration 0.685nl has cytotoxic effect in
the growth of this cell line at 48 h. incubatiorripd with high significant
difference (R0.001) with increased cytotoxic effect toward thgghler
concentrations when compared with the control. Fag8-2), appendix (1)-B.
While during the incubation period 72 h., the cgtot effect has started at
the concentration 0.625g/ml with high significant difference §®.001) with
increased cytotoxic effect toward the higher cotr@dions when compared

with the control. Figure (3-3), appendix (1)-C.

059 i . |——Treated
0.45 -1 —— Control

O L) L) L) L) L) !
0312 0625 125 2.5 5 10

Conc. (ng/ml)

Figure (3-1): The cytotoxic effect of M6-80 crude extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 24 h.
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Figure (3-2): The cytotoxic effect of M6-80 crud extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 48 h.
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0.45 - —— Control
0.4 1
0.35 1
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0.312 0.625 1.25 2.5 5 10
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Figure (3-3): The cytotoxic effect of M6-80 crud extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 72 h.
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ii. The Effect of the Crude Extract B6-80

Cytotoxic effect of this crude extract on the gtowf AMN-3 cell line
has obviously appeared after 24 h. of incubatiomh wiigh significant
difference (R0.001) at the concentration 2.8/ml with increased cytotoxic
effect toward the higher concentrations when coegbavith the control (the
same cell treated with SFM only). Figure (3-4), epglix (2)-A. At 48 h.
incubation period, the cytotoxic effect has stametth significance difference
(P<0.001) at the concentration 1.2§/ml with increasing toward the higher
concentrations when compared with the control. Fag8-5), appendix (2)-B.
While during the incubation period 72 h., the cgtat effect with
significance difference €®.001) has started at the concentration Qu§28l
attended with increased cytotoxic effect toward bhgher concentrations

when compared with the control. Figure (3-6), amjpel)-C.

059 ) _ _ |——Treated
0.45 - —— Control
0.4 -
0.35 1
0.3 -
0.25 -
o 021
O 0154
0.1 1
0.05 -1
0 T T T T T ]

0312 0625 125 2.5 5 10

Conc. (png/ml)

(492 nm)

Figure (3-4): The cytotoxic effect of B6-80 crud extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 24 h.
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Figure (3-5): The cytotoxic effect of B6-80 crud extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 48 h.
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Figure (3-6): The cytotoxic effect of B6-80 crud extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 72 h.
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lii . The Effect of the Crude Extract V6-80

Cytotoxic effect of this crude extract has stanath high significant
difference (R0.001) at the concentration 1.2&/ml toward the higher
concentrations when compared with the control (ABIell line treated with
SFM) during the incubation period 24 h. Figure §3-dppendix (3)-A. At
incubation period 48 h., cytotoxic effect with higingnificant difference
(P<0.001) was at the concentration 0.62/ml toward the higher
concentrations when compared with the control. Fag8-8), appendix (3)-B.
While during the incubation period 72 h., the cgiot effect with high
significant difference (£0.001) has started at the concentration 0,68l
with increased cytotoxic effect toward the higherncentrations when

compared with the control. Figure (3-9), appen@ixC.

0.5 1 —— Treated
0.45 - —— Control
0.4 4
0.35 -
0.3 -
0.25 1
O 02
O 0.5
0.1 1
0.05 -
0 T T T T T ]

0312 0625 125 2.5 5 10

Conc. (ng/ml)

(492 nm)

Figure (3-7): The cytotoxic effect of V6-80 crud extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 24 h.
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Figure (3-8): The cytotoxic effect of V6-80 crud extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 48 h.
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Figure (3-9): The cytotoxic effect of V6-80 crud extract of the locally

isolated L. lactison AMN-3 cell line after incubation period for 72 h.
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iv. The Effect of Cell Wall Protein (CWP)

The cytotoxic effect of the CWP in the growth dfIA-3 cell line has
started with high significance difference<(P001) at the concentration 0.625
ug/ml toward the higher concentrations when compavetd the control |
(AMN-3 cell line treated with SFM) during the incafiion period 24 h. Figure
(3-10), appendix (4)-A. When the incubation perwds 48 h., cytotoxic
effect of this crude extract with high significandéference (R0.001) has
started at the concentration 0.6g§/ml toward the higher concentrations
when compared with control |. Figure (3-11), apper(d)-B. While during
the incubation period 72 h., it was found thatdimtoxic effect of this crude
extract has begun with high significant differen¢B<0.001) at the
concentration 0.318g/ml toward the higher concentrations when compared
with control | and with high significant effect £B.0002) when compared
with control Il (prepared in 2.1.3: (B)). Figure-{2), appendix (4)-C.

059 i _ | —=—Treated

0.45 - —— Control
0.4 -

0.35 -
0.3 -
0.25 -
g 021
O 0.15-
0.1 -
0.05 -
0 . . . . . .
0312 0625 125 25 5 10

(492 nm)

Conc. (pg/ml)

Figure (3-10): The cytotoxic effect of CWP crude extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 24 h.
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Figure (3-11): The cytotoxic effect of CWP crud extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 48 h.
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Figure (3-12): The cytotoxic effect of CWP crud extract of the locally
isolated L. lactison AMN-3 cell line after incubation period for 72 h.
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The relation between the concentrations of the emxiracts (M6-80,
V6-80, B6-80 and CWP) and the cytotoxic effect éarch crude extract at
exposure period (72 h.) was reversible since theeladion coefficient values
were (- 0.917, — 0.870, — 0.893 and — 0.930) resedye

(B) The Effects of the Crude Extractsof L. lactison Hep-2 Cell Line

Hep-2tumor cell line was used at the passage 216 anddad to the
concentrations mentioned in (3.5) of each of the fwude extracts for three
periods of incubation (24, 48 and 72 h.) respebltivEhe statistical analysis
has showed that there was a conspicuous cytotoectefor these
concentrations with variations in the growth ofstbell line during the three
periods of incubation. Also, it was observed thHagré were variations in
cytotoxic effect between one extract and anothed among the
concentrations of the same extract during the derad incubation. Table (3-
6).

Table (3-6): The concentrations of the crude extracts of the locally
isolated L. lactis at which the cytotoxic effect on Hep-2 cell line has

started after incubation for different periods.

The concentrationgg/ml) at which the cytotoxic effect
The Crude had started after:
Extracts
24 h, 48 h. 72 h,
M6-80 1.25 1.25 0.625
B6-80 5 5 2.5
V6-80 2.5 1.25 0.625
CWP 1.25 0.625 0.625

i. The Effect of the Crude Extract M6-80
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As shown in figure (3-13), appendix (5)-A; this deuextract has
cytotoxic effect on the growth of Hep-2 cell linading at the concentration
1.25 pg/ml with high significance difference €P.001) enclosed with
increased cytotoxic effect toward the higher con@dions when compared
with the control (Hep-2 cell line treated with SFMyring the incubation
period 24 h. The concentration 1.28/ml has started cytotoxic effect in the
growth of this cell line at 48 h. incubation periedth high significant
difference (R0.001) with increased cytotoxic effect toward theghler
concentrations when compared with the control. FadB-14), appendix (5)-
B. While during the incubation period 72 h., théatgxic effect has started
with high significant difference @.001) at the concentration 0.62§/ml
with increased cytotoxic effect toward the higheyncentrations when

compared with the control. Figure (3-15), apper@ixC.

0.45 - —— Treated
0419 = ” . . . « | —— Control

0.35 - »\A\A\_A\A

0.25 -

©
w
1

©
N
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0.1 1

0.05 -

0 T T T T T ]
0312 0.625 1.25 2.5 5 10

Conc. (png/ml)

O.D. (492 nm)

Figure (3-13): The cytotoxic effect of M6-80 crud extract of the locally
isolated L. lactison Hep-2 cell line after incubation period for 24 h.
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Figure (3-14): The cytotoxic effect of M6-80 crud extract of the locally
isolated L. lactison Hep-2 cell line after incubation period for 48 h.
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Figure (3-15): The cytotoxic effect of M6-80 crud extract of the locally

isolated L. lactison Hep-2 cell line after incubation period for 72 h.
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ii. The Effect of the Crude Extract B6-80

Results have showed that at incubation period 2this. crude extract
has begun its cytotoxic effect with significancéfetience (R0.049) at the
concentration ug/ml toward the higher concentrations when comparnil
the control (Hep-2 cell line treated with SFM). &g (3-16), appendix (6)-A.
While during incubation period 48 h., the cytotogitect of this crude extract
has started with high significance difference@®01) at the concentration 5
ug/ml when compared with the control. Figure (3-1@ppendix (6)-B.
whereas at incubation period 72 h., cytotoxic dffeith high significance
difference (R0.001) was at the concentration 21§/ml toward the higher
concentrations when compared with the control. FadB-18), appendix (6)-
C.
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Figure (3-16): The cytotoxic effect of B6-80 crud extract of the locally
isolated L. lactison Hep-2 cell line after incubation period for 24 h.
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Figure (3-17): The cytotoxic effect of B6-80 crud extract of the locally
isolated L. lactison Hep-2 cell line after incubation period for 48 hr.
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Figure (3-18): The cytotoxic effect of B6-80 crud extract of the locally

isolated L. lactison Hep-2 cell line after incubation period for 72 h.
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lii . The Effect of the Crude Extract V6-80

Cytotoxic effect of this crude extract in the grovaf Hep-2 cell line
has obviously appeared with high significance défee (R0.019) after 24
h. incubation period at the concentration @Zaml with increased cytotoxicity
toward the higher concentrations when compared thieghcontrol (Hep-2 cell
line treated with SFM)Figure (3-19), appendix (7)-A. When tirecubation
period was 48 h., the cytotoxicity of this cruderagt with high significance
difference (R0.001) was started at the concentration 1@Bml with
increasing toward the higher concentrations whenpared with the control.
Figure (3-20), appendix (7)-B. During 72 h. incubatperiod, this crude
extract has started its cytotoxicity with high sfgrance difference (£0.001)
at the concentration 0.62pg/ml with increased cytotoxicity toward the
higher concentrations when compared with the céntragure (3-21),
appendix (7)-C.

0.45 1 —— Treated

044 . . . . . | —— Control

O T T T T T 1
0.312 0.625 1.25 25 5 10
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Figure (3-19): The cytotoxic effect of V6-80 crud extract of the locally

isolated L. lactison Hep-2 cell line after incubation period for 24 h.
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Figure (3-20): The cytotoxic effect of V6-80 crud extract of the locally
isolated L. lactison Hep-2 cell line after incubation period for 48 h.
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Figure (3-21): The cytotoxic effect of V6-80 crud extract of the locally
isolated L. lactison Hep-2 cell line after incubation period for 72 h.
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iv. The Effect of Cell Wall Protein (CWP)

At incubation period 24 h., the cytotoxic effect@/P with significant
difference (R0.047) was noted at concentration 1.2%ml toward the higher
concentrations when compared with the positive rebntHep-2 cell line
treated with SFM) and high significant differen¢&@.001) when compared
with the control. Figure (3-22), appendix (8)-A.€lbytotoxicity with high
significant difference (£0.01) during the incubation period 48 h. has sthrte
at the concentration 0.62&/ml accompanied with an increase in cytotoxicity
toward the higher concentrations when compared tiéhpositive control
and high significant difference £0.02) when compared with the control.
Figure (3-23), appendix (8)-B. whereas at inculmaperiod 72 h., cytotoxic
effect with high significant difference £B.001) has begun at the
concentration 0.625g/ml toward the higher concentrations when compared
with control I and high significant difference<{®002) when compared with
the control Il (prepared in 2.1.3: (B)). FigureZ3}, appendix (8)-C

0.45 ~ —— Treated
044 . . . . . . | —— Control
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Figure (3-22): The cytotoxic effect of CWP crud extract of the locally
isolated L. lactison Hep-2 cell line after incubation period for 24 h.
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Figure (3-23): The cytotoxic effect of CWP crud extract of the locally
isolated L. lactison Hep-2 cell line after incubation period for 48 h.
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Figure (3-24): The cytotoxic effect of CWP crud extract of the locally
isolated L. lactison Hep-2 cell line after incubation period for 72 h.
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The relation between the concentrations of the emxiracts (M6-80,
V6-80, B6-80 and CWP) and the cytotoxic effect éarch crude extract at
incubation period (72 h.) was reversely since threetation coefficient values
were — 0.917, — 0.899, — 0.897 and — 0.950 resyti

Our findings consistent to those gained by Degeiaal., (2000)who
showed thatStreptococcus pyogenes (group A Streptococcus) cell extracts
(CE) at concentrationabove 0.5 pg/ml among the used concentrations
(0, 0.008, 0.04,0.2,0.5,1.0, and 54@/m) consistently caused potent
inhibition of T-cellproliferationin vitro during three days incubation period.
Streptococcadcid glycoprotein (SAGP); this protein possesses between 31.5
and 39.0% amino acid identity with arginine deins@aAD) with native
molecular mass has been reporéed 140 to 150 kDa and also 220 kDa
(Yoshidaet al., 1996).AD is one of three enzymes that comprise the AD
system. AD catalyzes the conversion of L-argininecitrulline, with the
concomitant production of ammonia. The AD systerwidely distributed
among prokaryotes, includirignterococcus faecalis, L. lactis, Enterococcus
faecium, andClostridium perfringens, and in Mycoplasma the catabolism of
L-arginine by this enzymeomplex acts as a major nonglycolytic metabolic
energy source. Purified group A streptococcal ADehall beershown to be
dimers composed of two identical subunits with molarmasses in the range
of 46 to 54 kDa (Misawat al., 1994). AD has been well documented as
having antiproliferative activity against a randgewmor cell lines, including
murine fibrosarcoma Meth A cells, human HL60 cetigjrine embryonic
cells (BALB/3T3), Hela cells, and murine leukemit210 cells (Currart
al., 1995).SAGPhas been used clinically as an antituagent, but it appears
to mediate its tumoricidaffect by modulating the host immune response
through pathwayshot involving the activity of SAGP. Lyophilized
preparation of SAGP (OK-432% known to activat@atural killer cells, T
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cells, and macrophagesn vitro, and animalstreated with OK-432
intraperitoneally develop antitumor cytotoxitacrophages, also, SAGP is
reported to have a direct cytotoxic effecttamor cell linegDegnanet al.,
1997).Invitro, L-arginine is essential for the optimal growtldgmoliferation
of cells, but lack of extracellular L-argininetime growth medium is thought
not to lead to cell death. The action of AD wilateto a depletion of L-
arginine in growthmedia, and may be in the absence of L-arginine ek
simply unable to synthesize new proteins, thus bitihg growth and
proliferation (Degnaret al., 2000). Sincel. lactis is a genus ofjroup A
streptococci so their inhibitory effect in the gtbvef tumor cell lines may be
attributed to this active compound (SAGP).

The lactococcal proteolytisystem consists of an extracellular, cell
wall-associated proteinasseveral oligopeptide and amino acid transport
systems, and ovézn different intracellular peptidases, this systemtributes
to the final product by producing the precursorsdtatiiearomas and flavors
(Tuler et al., 2002). Free fatty acids (FFA) represents onsoofebacterial
secondary metabolites, particularly short chaityfatidssuch as butyrate,
produced by bacterial fermentation of dietlpgrs, have been shown to exert
inhibitory effects of the activation of NF kappa B, transcription factor
involved in the production of many proinflammatocytokines or
chemokinesespecially in the presence of TNE4n an intestinal epithelial
cell line and in macrophages (Ineral., 2000).

Protein secretion by this GRAS bacterium would vallproduction
directly in a food product and thus an interactisifi occur between the
secreted protein (enzyme or antigen) and the emviemt (the food product
itself or the digestive tract) (Let al., 2000).

The crude extracts df. lactis play an important role in inhibition the

growth of tumor cell linesn vitro due to their containments of active



Chapter Three .........ccccveiiiiii i ieeeeeene.. ResUIts and Diggsion A€

secondary metabolites that may have direct or @atlicontribution in their
effect (Gionchetti et al., 2000). The beneficial activity of probiotics
exclusivelyB. breve, S.thermophilus andL. lactis may be exerted throughe
immunomodulation of gut associated lymphoid tissiiee suggestion that
commensal bacteria may have a role in inducbbranti-inflammatory
signals, as tested in intestinal epithetiell lines, when reported that non-
pathogeni&almonella were capable of inhibiting the nuclear factor kaip
(NF kappa B "NFB") activation pathwagnd thereby the releas#
proinflammatory cytokine@\eishet al., 2000). Also, bacterial products seem
to restrict access LPS to CD14 receptors on monocytes/macrophdugsst
associatedvith lowering of NF kappa B signalling in immunellseand
hostile of TNFe secretion. Although intestinal macrophages doexpiress
CD14 under basal conditions, their expression igeguydatedunder
inflammatory conditionsunderlining the potential beneficiaffect of
probiotic bacteria under these conditiq@imm et al., 1995).Lactococcus
lactis also stimulate IL-10 secretion, a cytokine wahti-inflammatory
properties, as it downregulatddNF-o. secretion by macrophages and
decreases MHC class Il expressmmantigen presenting cel{fsssemanet
al., 1999). Intragastric administration lof lactis engineered to secrete IL-10
leads to a 50% decreasalgxtran sulphate induced colitis in mi{&teidleret
al., 2000).

Dong et al., (2002)demonstrated thaB. breve, S. thermophilus and
Lactobacillus acidophilus of intestinal epitheliatells (IEC) are known to
release suppressitectors, including prostaglandins and transforngngwth
factor B (TGF-R)Addition of bacteria CM (especialfyom Bifidobacterium
breve) significantly exerts an epithelial inhibitosffect especially under

inflammatory conditions, suggesting that bactemaative metabolites by
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themselveshelp in downregulating inflammation. Two possibdg may
explainsuch an inhibitory activity in the intestinal erosiment:
* An indirect inhibitory effect linked to modulatiasf epithelialcell derived
anti-inflammatory compounds by bacterial metabslite
» Most likely, transepithelial passage of active baet metabolites across
the epithelial barrier.

The transepitheligdathway, along with bacterial metabolites may cross
the epitheliabarrier, could be paracellular as well as transtasll

The activemetabolites released by probiotic bacteria durimtgstinal
transit may cross the intestinal layer to exert-erfilammatoryeffects. This
would add to the suppressive tone of the intestmatoenvironment, under
basal conditions, and help downregulatsdmflammation under pathological
conditions, thus immunomodulatiaf the gut associated lymphoid tissue
may explain, at leash part, the beneficial effects of probiotic bacieas
adjuvantin the treatment of digestive inflammation (Heymamd Menard,
2002).

The secretion of biologicallgctive IL-12 suggests that disulfide bonds
(DSB) are formed after the protemexported froni. lactis. DSB formation
Is often a major bottleneck heterologous protein production in prokaryotic
systems angarticularly in gram-positive bacteria, which thetves encode
very few secreted proteins that contain DSB pogsibe lower pH ofL.
lactis during fermentative growth favofermation of DSB in secreted
proteins, this system may be promising for expoesei other proteins
containing DSB (Pailet al., 1999). The main biological effect of IL-12 is
stimulation of IFN-gamma productiotine cytokine that has potent antitumor
effects and may be an attractive agent for camssminotherapy. Also, I1L-12
plays an essential role switching of the immune response, inducing Thl

cells and suppressiAi2 responses. On the other hand, the elevatedtylens
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of Th2 cells during the pathogenesis of advancediaca cancelis well
known, while the level of Thl cells is dramaticaliyinished (Ghimet al.,
2001). It was believed that successful immunotheutip treatments of
cervical cancer patients will use a vaccine thiit be able to switch the
immune response from the Th2 classhe Thl class, therefore, on the basis
of this belief,L. lactis strain modified to secrete |IL-12 together withpadfic
antigen is a good candidate for cervical cancaafhgEnoufet al., 2001).
Supplementation of a high meat diet (72% beef) ddctobacillus
acidophilus (10°- 10'° organisms/day) significantly decreased by 40 - 5086
activity of faecalp-glucuronidase, the enzyme, involved for releasé¢hin
colon from their conjugated form, a number of digtearcinogens, including
polycyclic aromatic hydrocarbons. Similarly, bacér R-glycosidase
hydrolyzes the plant glycoside cycasin to a cagamo in the gut and
nitroreductase acting on N-nitroso compounds (wiachmed by the reaction
of nitrite with secondary amines and amides of g@lanicroflora) many of
which possess mutagenic and carcinogenic actisibglé€laliet al., 1995).
Interestingly the modulating effect of the strains was dependent on
the type of basal diet fed on, Cadeal., (1989) demonstrated a significant
reduction in 3-glucuronidase and 3-glucosidase&ities whenLactobacillus
acidophilus was fed for 3 days, with the effect persisting fodays after
dosing ceased (Rowland and Tanaka, 19EBjingeret al., (1995) assessed
the effect of consumption of non-fermented milk toming L. lactis (16°
CFU /ml) on faecal R-glucuronidase and RR-glucosidasa cross-over study
in elderly human subjects. Low fat milk was givenaacontrol and diets were
consumed for a period of four weeks. Faecal coahtactococi rose during
the period of probiotic consumption by approximatedne order of
maghnitude. 3-glucuronidase activity decreased ®yigtiter four weeks of..

lactis feeding. Inconsistencies in 3-glucosidase actiwigye evident as the
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activity decreased from 0.9 units to 0.45 unitsiryone period of exposure
whereas during another period there was no changetivity.

Another interpretation of our result that purifiedttococcal cell walls
have antitumour activities in that the cell walldutes activation of
phagocytes to destroy growing tumor cellgidobacteria probiotics reduced
colon carcinogenesis induceg 1,2-dimethylhydrazine in mice when used
with fructo-oligosaccharideand inhibited liver and mammary tumors in rats
(Sekineet al., 1994). To a lesser extent Muramyldipeptide (MDR)itself
exhibits only a weak ability to induce secretioniofiammatory cytokines
such as interleukin-8 (IL-8) in the OCT-differend human monocytic
leukemia THP-1 cellsWhen Neosugda#d g/day; fructo-oligosaccharides) was
given to healthy volunteems the form of chewable tablets, it increased the
intestinal lactocoocci and reduced appreciablyfdleeal activities of enzymes
involvedin producing genotoxic metabolites such faglucuronidase and
glycocholic acid hydroxylase, indicating the potahtof prebiotics and
probiotics to reduce or prevesdarcinogenesis (Buddingtahal., 1996).

Regarding the cytotoxicity of CWP to tumor cellsisteffect may be
attributed to the active compounds involved in ¢arction of bacterial cell
wall. Lipoteichoic acids of Gram positivacteria such as bifidobacteria and
LAB possess high binding affinitpr epithelial cell membranes and can also
serve as carriers fother antigens, binding them to target tissues revkieey
provokean immune reaction, also, there are other bact@esthbolic products
which  possess immunomodulatory properties includendotoxic
lipopolysaccharide, peptidoglycans, and lipoteichacids.(Macfarlane and
Cummings, 2003)The human monocytic leukemia cell line THP-1 and
human monocytitJ937 cells express membrane CD14 and Toll-likeptwe
4 (TLR4) on the cell surface and TLR4 mRNA in thels and render the
cells responsive to bacterial cell surface comptméiLR family plays a key
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role in signaling of host cells in response to baat cell surface components.
Differentiated THP-1 cells primed with MDP exhilemhanced production of
IL-8 upon stimulation with LPS. MDP up-regulated MR expression of an
adapter molecule to TLRs, MyD88, an adapter mokecdbr the
TLR/interleukin-1 (IL-1) receptor family, to an extt similar to that for LPS
in THP-1 cells. This suggest that LTA as well asSLRctivated human
monocytic cells in a CD14- and TLR4-dependent manmdaereas MDP
exhibit activity in a CD14-, TLR4-, and probably RR-independent manner
and exhibit synergistic and priming effects on tbells for cytokine
production in response to various bacterial comptsgranget al., 2001).

Human TLR2, but not TLR4, is involved in the resperof cells to
LPS, probably because of the lack of informationaaning MD-2, another
essential molecule conferring LPS responsivenes3ld®4 in human and
murine cells and of possible contamination of LRfecemens with LPS-
associated material such as lipopeptide, the &cofiwhich is dependent on
TLR2. Also, MyD88 is essential for the cellular pesses to bacterial cell
surface components including various LPS specingras)-positive bacterial
cell walls, and peptidoglycans (Takeucati al., 2000). Hirschfeldet al.,
(2000) demonstrated that there is a synergistiecefof MDP with LPS or
LTA on induction of cytokine secretion e.g., IL-8csetion in cell cultures,
when they noted that pretreatment of the cells WMiDP markedly
augmented LPS-induced IL-8 secretion, althoughllth@ levels were lower
than those induced by LPS and MDP simultaneoudso, MDP and LPS
definitely enhance MyD88-mRNA expression in a tidegendent manner
and the effect of MDP is comparable to that of LPS.
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(C) The Effect of the Crude Extracts of the Locally Isolated L.

lactis on Normal Rabbit Embryo Fibroblast (REF) Cell Line

Normal rabbit embryo fibroblast (REF) cell line waeated with the
concentrations mentioned in ¢3 for each of the three crude extracts (M6-80,
V6-80 and B6-80) in addition to CWP for 72 h. onlihe effect was
estimated by measuring the optical density of tiadle cells using ELISA
reader. Statistical analysis has showed that tisen® significant difference
(P<0.039) for each concentration of these crude etstraben compared with
both control | and control Il indicating that theseide extracts have no lucid
effect on the growth of REF cell line. Figures g8}, (3-26), (3-27) and (3-
28)].
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Figure (3-25): The effect of M6-80 crud extract of the locally isolated L.
lactis on nor mal rabbit embryo fibroblast (REF) cell line after incubation

period for 72 h.



Chapter Three ...........cceeeiviiiii i i iiiiieeeeeene ... Results and Digssion 4»

0.3962 - —— Treated
—— Control

039% 4 = . . . . .
0.3958 -
0.3956 -
0.3954 -
0O 0.3952 -
o
0.395 -
0.3948 -

03946 I I I I I L}
0312 0625 125 25 5 10

Conc. (ng/ml)

(492 nm)

Figure (3-26): The effect of B6-80 crud extract of the locally isolated L.
lactis on normal rabbit embryo fibroblast (REF) cell line after incubation

period for 72 h.
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Figure (3-27): The effect of V6-80 crud extract of the locally isolated L.
lactis on normal rabbit embryo fibroblast (REF) cell line after incubation

period for 72 h.
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Figure (3-28): The effect of CWP crud extract of the locally isolated L.
lactis on normal rabbit embryo fibroblast (REF) cell line after incubation

period for 72 h.

In particular, after incubation period for 72 hhet significance
variations were more intensity than those at bathaBd 48 h. incubation
periods, so, a comparison among the crude extraets made at the
incubation period 72 h.

The compounds of the secondary metabolites chaizadeby their
selectivity in their effect on tumor cells, so amgmarison was made between
the effects of these crude extracts (M6-80, V6E®80 and CWE) on tumor
cell lines (AMN-3 and Hep-2) and their effect onrmal cells (REF) at
incubation period 72 h., considering the later @stol. It was observed that
there is an obvious cytotoxic effect for these aotis in the growth of these
cell lines comparing with control (REF) with vara@t in inhibition intensity
of each crude extract depending on the type ofcetleline, as shown in
figures [(3-29), (3-30), (3-31) and (3-32)].
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Figure (3-29): The cytotoxic effect of M6-80 crud extract on both tumor
cell lines (AMN-3 and Hep-2) and its effect on normal rabbit embryo
fibroblast (REF) cell line after incubation period for 72 h.
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Figure (3-30): The cytotoxic effect of B6-80 crud extract on both tumor
cell lines (AMN-3 and Hep-2) and its effect on normal rabbit embryo
fibroblast (REF) cell line after incubation period for 72 h.



Chapter Three ...

veve..... Results and Disgsion  4Y

0.45 1
0.4 1
0.35 1
0.3 1
0.25 A
0.2 1
0.15 1
0.1 1
0.05 A

O.D. at 492 nm

|

—o— AMN-3

—— Hep-2
—— REF

0312 0625 125 25
Conc. (pg/ml)

Figure (3-31): The cytotoxic effect of V6-80 crud extract on both tumor
cell lines (AMN-3 and Hep-2) and its effect on normal rabbit embryo
fibroblast (REF) cell line after incubation period for 72 h.
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Figure (3-32): The cytotoxic effect of CWP crud extract on both tumor
cell lines (AMN-3 and Hep-2) and its effect on normal rabbit embryo
fibroblast (REF) cell line after incubation period for 72 h.
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Statistical analysis comparison among dfffect of the four crude
extracts on AMN-3 cell line at the incubation pér@4 h. has explained that
CWP was the more intensity than other extracts umat the concentration
0.625ug/ml has high significant difference {€.001) when compared with
M6-80, V6-80) that showed high significant diffecen (<0.001) at the
concentratior®.625ug/ml and B6-80 that showed high significant differe
(P<0.001) at the concentration 2ug/ml. While on Hep-2 cell line, at the
incubation period 24 h., the crude extract (M6-8@ £WP) taken part in
their cytotoxicity as they have the most intensiytheir toxicity because at
the concentration 1.2pg/ml they have high significant difference<(®001)
when compared with V6-80 that showed significarfitedence (R0.019) at
the concentratior2.5 pg/ml and B6-80 that showed significant variance
(P<0.049) at the concentrati@yug/ml.

Depending on statistical analysis in supra, thelemrxtract CWP is the
best extract in its effect in the growth of tumetldine AMN-3, while, the
crude extract M6-80 taken part with CWP crude ettes the best extracts in
their cytotoxicity on Hep-2 cell linéllable (3-7).

Table (3-7): The best the extract in starting the cytotoxic effect on both
tumor cell lines (AMN-3 and Hep-2) after different periods of incubation.

Incubation period
Tumor cell line

24 h., 48 h. 72 h.
CWP, M6-80 and
AMN-3 CWP CWP
V6-80

CWP, M6-80 and

Hep-2 CWP and M6-8C CWP
V6-80
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It was observed that there is an obvious cytoteffect for these
extracts on both tumor cell lines (AMN-3 and Hep4B) contrast, there was
no effect or slight effect without significance tie growth of REF cell line,
this selectivity may be attributed to the metabdiehavior possessed by
cancer cells rather than in normal cells such asimaeéic nature to form new
blood vessels, the shape and nature of the recgptesents on the surface of
cancer cell and the ability to bind with differesdmpounds (Moteket al.,
2002). In addition, in cancer cells DNA strands eglaxant and the whole
molecule is unstable due to the distance betweerjldrogen bonds (H-
bonds) that bind the two strands together thidifatgs the binding of intra-
and extra-compounds with DNA strands while in ndrogdls DNA molecule
iIs cohesive and H-bonds are close to each othemtievent the binding of
other foreign compounds (Belijanski, 2000).

Cancer cells possesses metabolic characteristeguable in normal
cells; including opportunism, fastidious nutriticgquirements and the ability
for invasion and distribution, this require the g@ece of specific genes or
proteins differ from those of normal cells so, ttancer cells perhaps be a
target for the active compounds of the secondaryalbadites e.g., the
formation of free radicals during lipid peroxidatiavhich is considered an
important step to provide energy during the tramsdion of the normal cells
to cancer cells (Gargalovic and Dory, 2003). Se,abttive components of the
secondary metabolites of the studied bacteria ntey gn important role in
their cytotoxic effect in cancer cells by retardihg activity of lipoxygenase
via inhibition 5-lipoxygenase mRNA which is overegpsed in cancer cells,
that by role inhibits topoisomerase | responsibleldNA replication and then
cell proliferation which lead the cell to reach PCetts, 1998).

Regarding the factors affecting this aspect, theeesome active factors

in cancer cells that are easy targeted by the eacitvnpounds among which
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Nuclear transcription factor B (NF-B) that has asential role in cell cycle
regulation and growth by catalyzing the encodingcytbkines and growth
factors, since inhibition of this factor leads tstdrbance in cell cycle and
thereby leading the cell to PCD (Fratetlial., 1995).

During transformation of normal cells to cancersainost metabolic
activities which were normally carried out in noitroalls are altered, among
these activities are the formation of free radicelfisch are absent in normal
cells or few if any due to the presence of repacihanisms, so the active
compounds may act as scavengers with selectivitthése free radicals
generated in cancer cells (Chatral., 2001).

From previous evidences, it seems conspicuthat L. lactis has
several compounds that posses cytotoxic activitgireg cancer cells via
many mechanisms but in our study we don't focustgxan specific active
compound rather than, we used the active compoméiiss isolate as crude
extracts in both their types; secondary metabolites (M6-80, V6-80 and B6-80)
and structural components (CWP).

Results have pointed out that the cytotoxic effea$s more clearly and
with high degree at the incubation period 72 h.dach of the four crude
extracts (M6-80, V6-80, B6-80 and CWP) in the giowf both tumor cell
lines (AMN-3 and Hep-2) when compared with otheguipation periods (24
and 48 h.). The concentration (the dose) and irtcubaeriod are considered
the main agents influencing the intensity of thitgxic effect of these crude
extracts in the growth of both tumor cell lines @hs what is called (Dose
and time dependant phenomenon). In general, cytotfkect was obvious
since the incubation period 24 h. to 72 h. withisipg in the intensity of
cytotoxicity proportionally with concentration andcubation period, this
mean that incubation period 72 h. has gave theehigltotoxic intensity.

Also, it was observed that these crude extract® weequal in starting the
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cytotoxic effect with high significance on bothldeles. Tables [(3-5) and (3-
6)].

Also, the cytotoxic effect of these extracts at theubation period 72
hr was more intensity than those at 48 and 24 hubation periods
respectively. Also, the concentration at which tygotoxic intensity with
high significant effect has started was increasewatd the higher
concentrations when incubation periods have inereas

It is important to refer to that there were vanas in the effect among
these extracts, these variations may be due tondiere of the active
compounds exist in each extract and their reagtiwith the metabolic
behavior for each type of the cell lines (Gargatoamd Dory, 2003), and the
ingredients of the production media (Bouteb@al., 1998).

Regarding the susceptibility of the tumor cell 8rie these extracts, it
was noted that AMN-3 cell line was more sensitititgn Hep-2 cell line this
may be due to the presence of several compountpdkaes effective ability
against this type of cell line or may be due to thereased activity of
Glutathione-S-transferase (GSTs) that act as amtiation agent especially in
cancer cells, also Glutathione compound promotearavia enhancement the
cell to form new blood vessels by ridding the aafalié oxygen from the cell
(Medeiros et al., 2004). So, GST enzymes play an essential roleeih
detoxification via reducing the glutathione compdwand enhancement the
binding of this reduced form with other compountiereby suppressing
cancer proceeding by leading the cell to programoeddeath (apoptosis)
(Shoieb et al., 2003). In addition, the active components ofoséary
metabolites exhibit high affinity for binding in tace side of these enzymes
thereby increasing the anti-oxidation activity bétbind enzyme, also GST

enzymes posses several active sites which faeilithe binding process
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making these enzymes as targets for compoundsohdary metabolites for
cancer cells detoxification (Unel al., 2004).

While Hep-2 cell line was lesser sensitivity to ttr@de extracts, the
cause of this may be attributed to the presenaavef expression of some
genes responsible for antigens and foreign compouesistance that may
enter inside cancer cell or bind with it and thgrgbevent or suppress the
effect of the active compounds exist in the secondaetabolites to exert
their effect on tumor cell lines. Also, tumor ceifsay display a multidrug
resistant phenotype by over expresdMTP-binding cassette transporters
such as multidrug resistan@DR1) P-glycoprotein, multidrug resistance
protein 1 (MRP1)and breast cancer resistance protein (BCRP). Th& mo
important of these genes is mdr-1 gene which corglycoprotein over
expression (p-gp) which is responsible for resistapromoting (Georget
al., 2000).

In general, MDR phenotype is considered one of lbedles that
prevent the effect of therapeutics agent and daggsnst cancer cells, so this
problem could be overcame by treating the cancdls cgith MDR
modulators with the tested compound. Among theselutators are the
compounds of secondary metabolitesLoflactis e.g., the ydaG and ydbA
genes ofL. lactis encoddwo ATP-binding cassette half-transporters, which
both sharddomology with MDR proteins such as LmrA frdmlactis which
contains at leastvo MDR transportersi €. the secondary transporter LmrP
andthe ABC transporter LmrA), the multidrug resistarmeenotypeof L.
lactis mutants involves both proton motive force and Addpendent
transport systems (Lubelskt al., 2004). These interpretations explain the
cytotoxic effect of these crude extracts on treatdtlines.

Among the mechanisms by which LAB can retard tuprogression is

the adsorption or bindingn vitro, by LAB and other intestinal bacteria, of a
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variety of food-borne carcinogens including theehetyclic amines formed
during cooking of meat (Burns and Rowland, 2000)e Pprocess occurs by
adsorption of mutagen tarbohydrate polymers in the cell wall, LAB also
degrades carcinogens such as N-nitrosamines, whéghbe important the
process occurs at the mucosal surface. Co-adnaihastof lactulose and.
longum to rats injected with the carcinoganoxymethane reduced intestinal
aberrant crypt foci, which ag@eneoplastic markers (Chal& al., 1997)
Purified cell walls of some LAB genehave antitumor activities in that the
cell wall induces activation of phagocytes to dastyrowing tumor cells e.qg.,
colon carcinogenesis induceg 1,2-dimethylhydrazine in mice when used
with fructo-oligosaccharidesnd inhibited liver and mammary tumors in rats.
When Neosuga(4 g/day; fructo-oligosaccharides) was given to lthga
volunteersin the form of chewable tablets, it increased tin¢estinal
bifidobacteriaand reduced appreciably the faecal activities otyeres
involvedin producing genotoxic metabolites suchPagucuronidase and
glycocholic acid hydroxylase, indicating the potahtof prebiotics and
probiotics to reduce or prevesdrcinogenesis (Buddingtahal., 1996).

The increase in concentration of LAB as a consecgieficonsumption
of LAB leads to decreases in certain bacterial s/ purported to be
involved in synthesis or activation of carcinogegsnotoxins and tumor
promoters perhaps by modifying, beneficially, thevels of xenobiotic
metabolising enzymes (Sakbal., 1992).This would appear to be due to the
low specific activity of these enzymes in LAB, suchanges in enzyme
activity or metabolite concentration have been sstgf to be responsible for
the decreased level of preneoplastic lesions ootsirseen in carcinogen-
treated rats given pro- and pre-biotics (Bolognehnial., 1997). Another
bacterially-catalysed reaction yielding a reacBubstance capable of causing

DNA damage and mutation, is the conversion of theked food carcinogen
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2-amino-3-methyl-3H-imidazo (4,5-) quinoline (IQ)o tits 7-hydroxy
derivative the latter, unlike its parent compousdidirect-acting mutagen,
the increasing the proportion of LAB in the gut lkbmodify the levels of
these xenobiotic metabolising enzymes (Burns, andlé&d, 2000).

Many of the food-borne carcinogens such as hetehacgmines and
polycyclic aromatic hydrocarbons are known to bejegated to glutathione,
which appears to result in inactivation of thesecicegenes. The enzyme
involved, glutathione transferase (GST), is foundthe liver and in other
tissues including the gut. In a study of the effe€tsome LAB genera
including B. longum, Lactobacillus acidophilus andL. lactis and lactulose on
AOM-induced aberrant crypt focubACF) in the colon showed that the
activity of GST in the colonic mucosa was inversetyated to the ACF
numbers (Ebringest al., 1995).

Another mechanism suggested by Perdigoral., (1998) by which
probiotics exerts antitumor activity is by reducitng inflammatory immune
response, in a study of tumor growth in DMH treateite, yoghurt was
found to suppress the inflammatory immune respantiean increase in IgA
secreting cells and in CD4+ T lymphocytes. In thesemals, a marked
reduction in tumors was seen. An immune mechanigss also proposed to
explain the increase in time before tumor recureent bladder cancer
patients givenL. lactis. Also, among the parameters that enhance the
cytotoxic effect of active compounds to appear encer cells is the
permeability of their cell membrane which facildatthe random entry of
compounds inside the cancer cells while there mmtrolled mechanism
exchanging the materials from and into normal cétls thought that efflux
system prevent the entry and accumulation of foreigbstances in normal

cells while in cancer cells, this system is palgtiar thoroughly impaired
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thereby permit the influx of any substance insidacer cells with negative
effect (Belijanski, 2000).

More direct evidence for protective properties oblpotics against
cancer has been obtained by assessing the alilityltores to prevent DNA
damage and mutations (which is considered to leadp event in the process
of carcinogenesis) in cell cultures or in animdiswas indicating that the
various LAB can inhibit genotoxicity of dietary camogensin vitro
considering that the degree of inhibition was sjfgnspecies dependent
(Burns and Rowland, 2000). Pool-Zoletlal., (1993) demonstrated thhat
lactis inhibited the mutagenic activity of nitrosated bleg over 85%.

Also, Pool-Zobelet al., (1996) investigated the ability of range of
species of LAB to inhibit DNA damage in the colomeosa of rats treated
with  the carcinogens  N-nitrosocompounds  N-methyhitde-N-
nitrosoguanidine  MNNG or 1,2-dimethylhydrazine (DMHalso, heat-
treatment ofL. lactis abolished its potential antigenotoxicity indicatithe
importance of viable cells. All the strains of kalgacilli, lactococci and
bifidobacteria tested ELactobacillus acidophilus (isolated from a yoghurt),
Lactobacillus gasseri, L. lactis, B. breve andB. longum, prevented MNNG-
induced DNA damage when given at a dose df &6lls/kg body weight, 8
hours before the carcinogen. In most cases the B&iAage was reduced to a
level similar to that in untreated ra¥8hen the LAB strains were tested in rats
given DMH as the DNA damaging agent, all the laathi, lactococci and
bifidobacteria strongly inhibited DNA damage in thelon mucosaThis
provides evidence that lactis may have protective effects against the early

stages of colon cancer (Katbal., 1994).
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INTRODUCTION AND LITERATURE
REVIEW

1.1: Introduction

All warm-blooded vertebrates live in syotit association with a
complex population of microorganisms which inhaltiisir gastrointestinal
tract. One of the benefits which the host animaives from this relationship
Is an enhanced resistance to infectious diseases donventional animals
with a complete gut microflora are more resistamtirifection than are
germfree animals. The gut microflora stimulatesniyaa local response at
the gut wall. This mucosal immunity is an importafgment of the animal's
Immune status because it is responsible for the@oof infections as well as
inducing tolerance to environmental and dietaryigems (Perdigoret al.,
2001).

The presence of lactic acid bacteria (LAB) ie @pithelium of human
intestine and digestive tract as normal flora d®irtcommercially safe use in
the aspects of fermented food and dairy produetd te use LAB in other
aspects, including growth inhibition of pathogebacteria and food spoilage
responsible bacteria when compete these micro@genand produce a wide
range of inhibitors e.g. organic acid, ammonia, rbgén peroxide, carbon
dioxide, diacetyl and antibiotic such as bactenscand bacteriocin like

compounds (Yasugt al., 1995). Also, LAB was used in treatment of many
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clinical conditions such as gastric disturbancedorac ulcers and furthers
more the suppression of malignant tumors and ptiote@gainst diarrheas
infections caused by Rotavirus, chemotherapy arfterotiseases. The
understanding of suppression of tumor or antituraotivity has led to
conclude that LAB could act by modulating the immuasponse (Mcintosh,
1996).

The colonic microbiota affects mucosadl aystemic immunity in the
host (Famularcet al., 1997). Intestinal epithelial cells, blood leugtss,B
and T lymphocytes, and accessory cells of the inemapstemare all
implicated. Bacterial products with immunomodulgtproperties include
endotoxic lipopolysaccharide, peptidoglycaremd lipoteichoic acids
(Schiffrin et al., 1997). Lipoteichoic acids of Gram positivacteria such as
bifidobacteria possess high binding affiridyepithelial cell membranes and
can also serve as carriers fdher antigens, binding them to target tissues,
when they provok&n immune reaction. Yoghurt LAB binds vitro to
peripheral blood CD4 and CD8 T lymphocytes but twtB cells,while
lactococci which adhere to human intestinal epidheklls are capable of
activating macrophages (Macfarlaaed Cummings, 2003).

Overall, studies im vitro systems and in a wide range of animal models
provide considerable evidence that probiotics, doda lesser extent
prebiotics, have the potential to reduce colon eanisk. The evidence from
humans is less compelling, but nevertheless is esiyg of a cancer-
preventing effect of fermented foods. The data frammal studies would
suggest that using a combination of pro- and pteElsianay be the most
effective strategy to maximize any anticarcinogeeitects (Burns and
Rowland, 200D
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On the strength of those investigatidhs,present study was proposed
for:-

1. Isolation and ldentification of the specieactococcus lactis that may
possess antitumor activity.

2. Extraction with partial purification of proteinsqatuced by these bacteria
in different production media in addition to thedell wall associated
proteins.

3. Invitro study of the effect of the bacterial crude exsamt the growth of

tumor and normal cell lines.
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1.2: Literature Review
1.2.1: Normal Flora of Gastrointestinal Tract

The intestinal flora is a complex ecosystem comgsof over 400
bacterial species that greatly outnumber the totahber of cells making up
the entire human body. These metabolically actaetdria reside close to the
absorptive mucosal surface and are capable of arkamle repertoire of
transforming chemical reactions (Bralley and L&005). The esophagus has
a flora similar to that of the pharynx. The emptgnsach is sterile due to
gastric acid. The normal flora of the duodenunynam and upper ileum is
scanty but the large intestine is very heavily nded with bacteria among
which are; Bacteriodes (mainly members of the fisggroup which
outnumberB. fragilis itself), Bifidobacteria, Anaerobic cocck. coli, S
faecalis, Clostridia, Lactobacilli and less common inhabitantsjebsiella
spp.,Proteus spp.,Enterobacter spp. andPseudomonas aeruginosa (Dunneet
al., 2001). The intestinal flora can be thought ofaashemical factory with
massive levels of active enzymes. All rapidly gnogvbacterial species in the
small intestines produce metabolic by-products thatbe absorbed. Some of
the absorbed products are utilized for energy imately in the epithelial
cells of the gut; others may be acted upon by #texification systems in the
liver; while others are passed (Goodwiral., 1994).

The enteric flora comprises approximately 95% ef tibtal number of
cellsin the human body and can elicit immune respondgaitevprotecting
against microbial pathogens. The beneficial roleh&f normal flora is the
prevention of other more pathogenic bacteria framigg a foothold in the
body. The gut bacteria seem to be responsiblen®mbrmal structure and

function of the intestine: they degrade mucin, fegdial cells and
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carbohydrate fiber and their metabolism producemmins, especially
vitamin K (Burns and Rowland, 2000). However, tesident bacteridlora
of the gastrointestinal tract may also be implidatethe pathogenesis of
diseases such as inflammatory bowel diséakerative colitis and Crohn
disease). Any compound taken orally, entering thgestine through the
biliary tract or by secretion directly into the lemis a potential substrate for
bacterial transformation. So the colonic microflosaimportant to health

(Macfarlane and Cummings, 2003).

1.2.2: Lactic Acid Bacteria

Lactic acid has been first introduced to us asye|1780 by Scheel as
a sour component of milk (Narayanahal., 2004). In 1857, Pasteur had
proved the presence of lactic acid producing migganisms in acidified milk
(Weelet al., 2006). LAB had been divided by Breetdl., (1948) into seven
species under the family Lactobacteriaceae (Stad@rg). In 1957, the
nomenclature of this family was changed to Lactdlameae which included
2 orders:Sreptococceae and Lactobacilleae (Tamime, 1990). LAB were
further classified into 2 distinct families, theyeasreptococcaceae which
include Leuconostoc, Pediococcus, Aerococcus, Streptococcus and Gemella,
the other family is Lactobacillaceae which include only the genus
Lactobacillus (Buchanan and Gibbons, 1974). LAB, widely usethia food
industry, is present in the intestine of most amgmancluding humans
(Nouaille et al., 2003). These organisms are non-pathoganit non-
toxigenic, retain viability during storage, and \8ue passage through the
stomach and small bowel (Macfarlane and Cummin@83® The beneficial
role played by these microorganisms in the humams$ @ther animals,
including the effect on the immune system, has bedensively reported
(Perdigonet al., 2001). A variety of health benefits have beesoamted with



ChapterOne ..............ceeeeivvivvee e e e Introduction and Literture Review 1

LAB such as improvement of lactose intolerance, ul&mpn of
gastrointestinal stasis, resistance to infectiogedive diseases, especially
rotavirus-associated diarrhea in infants, immunomettbn (Burns and
Rowland, 200)) and antitumor activity (Kinet al., 2004).

1.2.3: TheMain Genera of Intestinal Lactic Acid Bacteria

Lactic acid bacteria include a large number cdr@positive cocci or
bacilli belonging to a phylogenetically heterogem&group. Their traditional
use in the food industry confirms their lack of hpadenicity; they are
considered to be generally regarded as safe orgar{idouailleet al., 2003).
LAB consisting of many genera, e.d.actococcus, Streptococcus and
Lactobacillus (van Hijum et al., 2004). The main genera of LAB are
Carnobacterium, Weissella, Vagococcus and Tetragenococcus (Adams and
Nicolaides, 1997).0Other important genera areuconostoc, Pediococcus,
Enterococcus, Alloiococcus, Lactosphaera, Oenococcus, Globicatella and

Dolosigranulum (Axelsson, 1998).

1.2.4: The Role of the Gut Microflorain Cancer

The enormous numbers and diversity of the humanmicroflora is
reflected in a large and varied metabolic capagéticularly in relation to
xenobiotic biotransformation, carcinogen syntheaisd activation. The
metabolic activities of the gut microflora can haviee-ranging implications
for the health of the host, resulting in both benaf and detrimental effects
(Rowlandet al., 1998). A major role for the intestinal microflorashbeen
identified in the metabolism of the bile acids clahd chenodeoxycholic
acids to deoxycholic and lithocholic acids, whicte dhought to possess

tumor-promoting activity. Other potential tumor-proters, namely ammonia,
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phenols and cresols, are also generated by deaommdtamino acids such as

tyrosine by intestinal bacteria (Rowland and Galngb®99).

Evidence from a wide range of sources suppodsvibw that colonic
microflora is involved in the etiology of cancehd main evidences are:

« Gut bacteria can activate procarcinogens to DNAtrea agents

* Germ-free rats fed human diets exhibit lower levalDNA adduct in
tissues than conventional rats (Rumeesi., 1993).

 Germ-free rats treated with the carcinogen 1,2-thgikydrazine have
a lower incidence of colon tumors than similarlgated rats having a
normal microflora (Reddy and Rivenson, 1993).

« Human faeces have been shown to be mutagenic, @mobtaxic
substances of bacterial origin have been isolafedt(riet al., 1997).

* Intestinal bacteria can produce, from dietary congmts, substances with
genotoxic, carcinogenic and tumor-promoting acfiiRowland et al.,
1998).

Modification of the gut microflora may interfekeith the process of
carcinogenesis and this opens up the possibiltydfetary modification of
colon cancer risk. Probiotics and prebiotics, whabdify the microflora by
increasing numbers of lactobacilli and/or bifidotesim in the colon, have
been a particular focus of attention in this reg&nddence that probiotics and
prebiotics can influence carcinogenesis is deriveth a variety of sources
(Burns and Rowland, 2000

» Effects on bacterial enzyme activities.

Antigenotoxic effectsn vitro andin vivo.

Effects on pre-cancerous lesions in laboratorynais.

Effects on tumor incidence in laboratory animals

Epidemiological and experimental studies in humans
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1.2.5: Lactococcus lactis

Lactococcus lactis is considered the most important member of LAB
and the most common used in dairy industry andybibetic applications
(Axelsson, 1998). It is of particular interdést oral delivery of functional.
lactis proteins since it is a noncommensabd bacterium that survives in the
digestive tract®f animal models and humans (Bermudez-Humastaal.,
2003).L. lactis had first classified when isolated from acidifiedknn 1857.
The first pure culture df. lactis was obtained by Joseph Lister in 1873 when
it was calledBacterium lactis (Teuber, 1995). In 1909, Lohuis had used
Bacterium lactis as starter in dairy industry but their nomenclatwas
substituted in t&reptococcus lactis instead oBacteriumlactis depending on
their shape.S lactis were classified by Schleifereét al., (1985) using
molecular hybridization and immunological metho@lke novel division of
S lactis include Streptococcus, Enterococcus, and Loactococcus depending
on their plasmid containments, gene cloning, anddustrial
applications(Adams and Nicolaides, 1997).The gdmcococcus include
five species they arke. plantarum, L. gravieae, L. lactis, L. piscium, and L.
raffinolactic. In addition, there is a sixth species was disoedéater by using
genetic probes which i&. hoeklum (Batt, 1999). The specidsc. lactis
include subspL. lactis subsp.cremoris andL. lactis subsphordniae andL.
lactis subsplactis, the later includes strains cannot utilize citrg@g-) and
strains can utilize it referred to as (Cit+) whigkre known a&treptococcus
lactis subspdiacetylactis (Holt et al., 1994; Bandelét al., 1998§.

(A) Isolation of Lactococcus lactis
Foods, vegetables, raw milk, dairy and dairy potslare considered an
important source for LAB. Plants are thought totbe original harbor of

these bacteria since the wild type strains isoldtech plants differ from
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industrial strains in their ability to ferment lase (Wood, 1998). Meats and
their products are considered another importantcgofor isolation (Santost
al., 1998). Stark and Sherman, (1935) isol&dectis (L. lactis) from plants
by introducing plant material into litmus milk anttubating at 30°C. Mundt
et al., (1967) isolated the organism from plants and freazén and dried
foods (Buchanan and Gibbons, 1974).

There is evidence that fresh or fermented vegesatad be considered a
good source for competitive strains belonging ttfecent genera of LAB
since 123 strains were isolated from mixed salatifarmented carrot among
them strains belong to the genus (Uhlman et al., 1992). Milk and its
products are the original source tarand this was supported by the fact that
these bacteria have the ability to acidify milkcalthe plasmid essential for
their growth in milk which carries several charastecs including lactose
fermentation, citrate consumption, protease proadn@nd phage resistance is
common inL. (de Vuyst and Vandamme, 1994).

Lactococcus lactis is used in cheese makirag it is involved in casein
degradation, in acidification by formatiar lactate, and in the formation of
flavor compounds (Kuipers, 200Lactococcus lactis subsp.lactis is known
to be an important organism fonlk fermentation in dairy products. On the
other hand, it habeen isolated from bean sprouts, fermented fisklymts,
and fermented sauerkraut. In additidn, lactis was isolated from meat
products and loin ham (Hamasakal., 2003).

(B) Characteristics
Lactococcus lactis is by far the best characterized lactic acid béate
with respect to its physiology, metabolic pathwaymnd regulatory

mechanisms (Kuipers, 2001).
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I. Taxonomic Char acteristics

Lactococcus lactis bacterium is closely related to the genus
Streptococcus; orderStreptococceae, family Streptococcaceae (Buchanan and
Gibbons, 1974).

ii. Morphological and Microscopical Characteristics

When suspended in transparent citrated milk &gdactis (L. lactis)
forms typical large colonies surrounded by a wiptecipitate of casein
caused by rapid growth and acidification. On glppdosphate-milk agar
(GMA) mediumS. lactis (L. lactis) gives large brighyellow colonies with a
yellow halo (van der Vossest al., 1985) Lactococcus lactis is a gram
positive cocci, hone spore forming, single, groujmepairs, or in short chains
and some times in tetrads, anaerobic or microadrophith acidity tolerance
(El Sodaet al., 2004).

i7i. Physiological Characteristics

Lactococcus lactis is homofermentative grow in broth at 10°C but not
at 45°C and 6.5% (w/v) NaCl, so it is considerecophilic, while those that
grow at 45°C, but not at 10°C and 6.5% NaCl aresmmred thermophilic
cocci (El Sodeaet al., 2004). Lactococci can grow in broth with 4% NaClI
different pH values (4.5, 5.5, 6.5, 7.0 and 9) vaigtimum pH ranging (6-6.5)
and depending on culture media (Hsilal., 1994).

Iv. Biochemical Activity
Lactococcus lactis is catalase negative, hydrolyze esculin and angini
and form acid from lactose, maltose, ribose antiacse but acid production

from mannitol, sucrose and D-xylose is strain delpah The acidifying
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activity of L. strains is significantly higher than other spe@é&4. AB with
lower aminopeptidase activity than Lactobacilli @&ldaet al., 2004).

v. Genotype

The L. lactis genomewas shown to contain quite high numbers of
insertion sequence (IS) elements and prophagf@sonly threeputative -
factors. All late-competence genes linlactis possess leaderless mMRNAs,
indicating a quite differenype of regulation of their expression. It remaims
be shownf all genes required for competence developmeatpresent and
under which conditionk. lactis would be able to become competent (Bolotin
et al., 2001). The genome contains 2,365,589 base itk encodes
2310proteins; including 293 protein-coding genes beiogdo sixprophages
and 43 IS elements. Nonrandom distributbdnS elements indicates that the
chromosome of the sequencsttain may be a product of recent
recombination between two closeBlated genomes (Allisost al., 2001).
Other strain®f L. lactis, for example, those of sspremoris, are being
sequencedurrently to allow comparative genomics with othactococcand
LAB species (Martinez-Cuesthal., 2000).

1.2.6: Growth Conditions and Nutritional Requirements of

Lactococcus lactis

Actually, L. lactis residesin a much more stable nutritional
environmentpbviating the need for extensive adaptatr@chinery (Kuipers,
2001). Lactic streptococci (Lactococci) are nutnally fastidious and require
complex media for optimum growth. In synthetic naedill strains require at
least six amino acids and at least three vitanilieir homofermentative

acid-producing nature requires that media be wafldbed for reasonable
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growth response; in this regard it was observetrtt@me growth and larger
colonies (0.7 to 1.0 mm in diameter after 48 h3uleed in a medium
containing lactose, yeast extract, peptone, anfl ddeact to which 0.05 M
sodium phosphate had been added(Baretkait, 2000).

Lactic streptococci (Lactococci) require an exagensupply of many
amino acids. The concentration of free amino aardbssmall peptides in milk
limits growth and concomitant acid production. Fagtimal growth lactic
streptococci (Lactococci) are dependent on theitgumases, which hydrolyze
milk protein The doublingimes ofL. lactis subsplactis MCRI3 is 11.1 hr at
10°C., it is expected that the optimum and the maxn temperaturesould
be 37°C to 40°C respectively (van der Vossieal., 1985).

Lactococcus lactis is characterized as an aerotolerant anaerobe. The
organisms able to grow in an oxygen-rich environment [®utinable tase
oxygen for energy generation since it lacks a fionet electrontransport
chain (Melchiorsenet al., 2000). In conjunction with the notion that
improvedgrowth occurs in media containing hemin, this ssggjéhat aerobic
respiration does exist in this fermentative baatariwhich was supported by
genomic sequence that revealed new possibilitiegefonentation pathways
and for aerobic respiration (Bolotahal., 2001).

Incorporation of 1.9% 3-disodium glycerophosph&®) into a complex
medium M17 resulted in improved growth by lactieptococci (Lactococci)
at 30°C. All strains oL. cremoris, Lactobacillus diacetilactis, and S. lactis
grew better in M17 medium than in a similar mediacking GP or in lactic
broth. Enhanced growth is probably due to the mmwed buffering capacity of
the medium, since pH values below 5.7 are not eshélfter 24 hr of growth
at 30°C byL. lactis or L. cremoris strainssupplemented with% glucose or in
brain heart infusion at 30°C without agitation (Beidez-Humararet al.,

2003).Lactococcus lactis subsp.lactis MCRI 3 seems to be close to
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psychrotrophgirow well in MRS broth with relativelyapid growthat 10°C,
but not at 45°C and 6.5%laCl (EI Sodaet al., 2004).The lactococcal
proteolyticsystem consists of an extracellular, cell wall-agg#ed proteinase,
several oligopeptide and amino acid transport syst@and oveten different
intracellular peptidases. This system is essefutiaheirrapid growth in milk
where the amount of small peptides &re@ amino acids is low. In addition,
this process contributde the final product by producing the precursors to

volatilearomas and flavors (Christensstral., 1999).

1.2.7: Proteins and Bacteriocins of Lactococcus lactis

Dairy and dairy products had been used to tre@esdiseases but the
causes of these therapeutic properties were unknibwras discovered later
that LAB produce compounds that have therapeutaratdteristics including
bacteriocins (Martinez-Cuestat al., 2000). Bacteriocins of LAB are
compounds of protein nature, most of them have towlecular weight,
exhibit antibacterial activity that extend to affesther bacterial genera not
only LAB related genera e.g., the bacteria resgdadior food spoilage or
food borne pathogens that are Gram positive bacteciuding spore forming
bacteria and some times affect Gram negative bac{&iley, 1998). In
1980s, bacteriocins of LAB were used as naturadl fjoeeservatives, also can
be used in other applications aspects e.g., theatasf diet contamination
and environment pollution with waste (Laukaatal., 2000).

Lactococcus lactis, a LAB species, is a potential candidate for the
production of biologically useful proteins (Nouaikt al., 2003). The main
secreted proteim L. lactis is Usp45 which is encoded by the p35 gene.
Expression is controlled by the;d& inducible promoter, whose expression

depends on the nisin concentratused RecombinanL. lactis produce and
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secrete a biologically active foraf IL-12, a complex two-subunit cytokine
with two disulfide bond (DSB) that aessential for its activity (Bermudez-
Humaranet al., 2003). Most LAB species can produce bacteriosihgh are
active against the lactic acid flora itself for exae L. strains have inhibition
zone against other lactococcal strains (El Ssa@h, 2004).

1.2.8: Conditions and Factors I nfluencing Protein Secretion

The strains of LAB might produce heterologopi®teins such as
enzymes (lipase and lactase), biological medigtamamone and interleukin),
and molecules stimulating local immumesponses to prevent digestive
pathologies (toxins and viral protein®rouaultet al., 1999).

Lactococcus lactis has been extensively engineered for the production
of heterologougroteins, including some antigens of bactesialiral origin
(Bermudez-Humaraet al., 2003). Heterologous proteins is driven by either
strong constitutive promoter (i.e.lactococcal phdgé promoter) or an
inducible system Escherichia coli bacteriophage T7 RNA polymerase or
nisin expression system), while secretion is dribgrsignal sequences known
to be functional in several LAB (i.e., signal seqces from PrtP, a cell-
envelope associated proteinase foundLinactis SK11 andL. paracasel
subsp.paracasei, and from usp45, a secreted protein foundLinactis)
(Grangetteet al., 2001).Lactococcus lactis is able to secrete proteins ranging
from low-(< 10 kDa) to high-(> 160 kDa) moleculangs many heterologous
proteins have already been produced.inactis but a given protein either
produced intracellularly or secreted in the medidrhe localization, size
limits, conformation, and proteolysis influence thre production yields of
several heterologous proteins produced.inactis (Theisenet al., 2004).

Cortes-Pereet al., (2003) demonstrated that these factors show that:
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» Heterologous proteins produced In lactis are prone to intracellular
degradation whereas secretion allows the prectwsescape proteolysis.

» Secretion enhancement (by signal peptide and ptioleepptimization)
results in increased production yield.

« protein conformation rather than protein size dampair secretion

efficiency and thus alter production yields

Fusion of a stable protein can stabilize labil&gins.

Lactococcus lactis is often exposed to multiple environmental stresse
(low and high temperature, low pH, high osmoticssree, nutrient starvation
and oxidation) that can cause loss or reductionbatterial viability,
reproducibility, as well as organoleptic and/omientative qualities among
these stress factors, oxidation can be considaereabthe most deleterious to
the cell, causing cellular damage at both molecalad metabolic levels
(Cocaign-Bousquett al., 2002; Ribeircet al., 2002). Protein secretion by this
GRAS bacterium would allow production directly ifad product and thus
an interaction between the secreted protein (enzgmantigen) and the
environment (the food product itself or the digessttract) (Nouailleet al.,
2003).

Production of protein is influenced by severattéas e.g., type of
medium and its ingredient, incubation temperatimeybation period and pH,
these parameters differ in their effect on variatthins that produce the
protein (Kabukiet al., 1997; Laukova and Czikkova, 199%)actococcus
lactis D53 strain can produce bacteriocins in pH valdes-8) with optimum
pH (6-8), also can produce bacteriocins in tempeeabetween (10-37°C)
with higher production in (25-30°C) when incubafed 12 h., but increasing
incubation period leads to growth increases ant dasline in bacteriocin

production (Martinez-Cuest al., 2000).
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1.2.9: The Effect of Lactococcus lacti®n other Microflora

The ability of LAB to inhibit the growth of othebpacteria has been
attributed to a wide variety of compounds. Low ncolar weight antibiotics,
metabolic end-products, enzymes, defective bagteages, lytic agents, and
bacteriocins responsible for this antagonisticvagti(\Venemaet al., 1993).
LAB is able to inhibit, undein vitro conditions, the growth of pathogens
including Salmonella enteritidis (Perdigonet al., 2001). Most LAB species
can produce bacteriocins which are active agaimestidactic acid flora itself
for examplel. strains have inhibition zone against other laatotstrains (El
Sodaet al., 2004). LAB contributes to the maintenance ofooation
resistance, mainly againstisteria monocytogenes, Escherichia cali,
Salmonella enteritidis serovarsTyphimurium and Enteritidis (Chateauet al.,
1993). It is usually considered that the mechanism of #o#ion is by
increasing the numbers of LAB in the colon, whichdufies the ability of the

microflora to produce carcinoge(Burns and Rowland, 2000

1.2.10: The Effect of Lactococcus lacti®n | mmune Response
Under domesticated conditions, stress factorsecdaficiencies to occur
which render the animal vulnerable to infectiondenthese circumstances,
supplementation with live microorganisms to reghe deficiencies in the
composition of the gut microflora can stimulate immmune response and
restore the animal's resistance to infection (Rerdet al., 2001). Intranasal
(i.n.) or oral administration of recombindntlactis expressing tetanus toxin
fragment C (TTFC) to C57 BL/6 mice elicited mucosdgA and serum IgG
responses (primarily of the 1IgG1 and IgG2a subeksswhich suggested
involvement of both Thl and Th2 CD7 cell activity (Nortonet al., 1997).
Recombinant lactococci can also deliver cytokireghe immune system.
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Secretion of recombinant murine interleukin-2 (mllad2 mIL6 (shown to be
the most effective terminal differentiation facfor IgA-committed B cells
to become IgA-producing cells, in both human andineusystems) were
achieved inL. lactis using the secretion signal leader of the lactoalocc
usp45. The rIL-2 shows the same specific biologiaelivity as miL-2
(Quinoneset al., 2000). An enhanced immune response against TW&C
observed in mice immunized with live recombinantiactis strains which
expressed both interleukins and TTFC (Steidiet., 1998).Recombinant..
lactis strains have the ability to secrdtel?2 and to enhance an antigen-
specific T-cell response. Recombindntiactis strains producing IL-12p35-
p40 and single chain interleukin 12 (sclL-%®re evaluated for the ability to
induce IFN-gamma production immouse splenocytes , cytokines
characteristiof a Thl type of immune response without apparexicity,
and micaemained healthy after 24 weeks of treatment (BdemtHumaran
et al., 2003). An antigen-specific cellular response.(isecretiorof Thl
cytokines) elicited by a recombinant lactis strain displaying a cell wall-
anchored HPV 16 E7 antigen was dramatically in@@asy co-
administratiorwith anL. lactis strain secreting IL-12 protein. This shdvat
IL-12 is produced and secreted in an active formLbhactis and that this
strategy can be usede@ahance an antigen-specific immune response and to
stimulatdocal mucosal immunity (Nouaillet al., 2003).

Yoghurt lactobacilli and lactococci bind vitro to peripheral blood CD4
and CD8 T lymphocytes but not to B celldile lactobacilli which adhere to
human intestinal epitheliatells are capable of activating macrophages
(Macfarlane and Cummings, 2003). LABactobacillus rhamnosus, S
thermophilus, Lactobacillus delbrueckii ssp. bulgaricus and L. lactis

increased the number of I§&ells at intestinal and bronchus level but not
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CD4+ T cells. The IgA cycle can also be increasgdtimulation of the IgA
cells from the mesenteric node (Weiner, 1997).

1.2.11: The Effect of Lactococcus lactisAgainst Intestinal

| nfection

The intestine is the largest immunological orgatine body. It contains
70-80% of all the IgA producing cells which excedlls total production of
all other immunoglobulin classes in the body (Fadeset al., 1998).

LAB were administered prior to, or together withe pathogen. If the
LAB were effective, the invasive capacity of thethmgen should be
suppressed at the intestinal level (Perdiganal., 2001).Lactobacillus
rhamnosus, S. thermophilus, Lactobacillus delbrueckii ssp.bulgaricus andL.
lactis would interact with the epithelial cells of theamntestine or with the
epithelial cells associated with follicle FAE inyRa's patches (Vintingt al.,
2000).Thus if some LAB induce IgAB cell and CD4 T cell migration we
can predict that this LAB would have local and syst effects, but if the
LAB do not induce an increase in the IgA migratiheir action would be
only at the gut level and could be used to increiaestinal mucosal
immunity (Weiner, 1997). Increased probiotic LABdabifidobacteria in the
intestinal tract reduced appreciably the activittdsenzymes involvedh
producing genotoxic metabolites such faglucuronidase andlycocholic
acid hydroxylase, indicating the potentialppbbiotics to reduce or prevent

carcinogenesis (Famulaebal., 1997).
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1.2.12: The Effect of Lactococcus lacti®n the Gut Mucosa

Some species of lactobacilli are maintditransiently or are able to
colonize the gut mucosa, and certain strains hatrengic adjuvant activity
which may promote the immunogenicity of heterologantigens (Gibsoat
al., 1997). A new application for LAB, and probalthe most promising, is
their use as live delivery vectors for antigenidlwerapeutic protein delivery
to mucosal surfaces (Nouailkal., 2003).

Lactic acid bacteria administration is importantthwe preservation of
intestinal integrity and stabilization of the guticosal barrier (Salmineet
al., 1996). The colonic microbiota affects mucosal and systammunity in
the host. Intestinal epithelial cells, blood leuges,B and T lymphocytes,
and accessory cells of the immune system all implicated (Macfarlane
and Cummings, 2003 some cases LAB induce an inflammatory immune
response and in others induce a specific mucosalume response. The
immune stimulation by LAB cannot be generalizeddgenera or species; this
property may be strain specific (Perdigaml., 2001).

Recombinant.. lactis strains are suitable for oral administration to
stimulate responses at mucosal surfaces: a pnaelstimoral response was
elicited against a bacterial antigen (tetanus foxafter nasal or oral
immunization of mice. Live lactococci have been @leped as mucosal
vaccine delivery vectors for recombinant proteissogiated with microbial
virulence (de Vos, 1999). It has been shown Liaatococcus vaccines elicit
protective antibody and cell mediated immune respsnin the host after
either parenteral or mucosal immunization (Waedtsal., 1993). Specific
antigenicdeterminants are overproduced either intra- oraegltularlyin
LAB and subsequently administered orally, nasaliyaginallyto the animal
to stimulate mucosal immunity (Alliscgt al., 2001).The potential of LAB as

antigen presenting vehicles suitable for mucosahiadtration without
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recorded toxic or pathogenic activity (i.e., norhar effect was observed
after subcutaneous or oral administration of midth wp to 18 live cells of
L. lactis (Salmineret al., 1998).

1.2.13: Active components of Lactococcus lactis

It was studied whether that the antitumibect of LAB observed was
exerted by the presence of LAB in the fermentedksndr by components of
their cell wall, or by products produced as a cqnsace of the fermentation
process (Vintinet al., 2000).

(A) Bacterial Secondary Metabolites

The mice that feeding with yogurt or yogurt compatsefor seven
consecutive days after intraperitoneal inoculatidnEhrlich ascetic tumor
cells, produced significant antitumor activity (Krebezenet al., 1997)LAB
produce an abundant variety of polysaccharides twimay be used to
develop a newgeneration of food-grade ingredients ({Dayst and Degeest,
1999). LAB polysaccharides and oligosaccharides @respecialinterest
because they may contribute to human health dietoantitumor effect (De
Roos and Katan, 2000).

(B) Bacterial Structural Components

Glycoproteins of prokaryotes have been known fop tecades, but
information about their biological function is &tlimited. Based on their
cellular localization, prokaryotic glycoproteins have beelassified as
crystalline surface layer (S-layer) membrane-assedi and surface-
associatedgjlycoproteins, as well as secreted glycoproteirts exoenzymes
(Messner, 1997). A variety of polysaccharides assgnt in prokaryotic cell

walls, usually attached to lipids or peptidoglycdhe polysaccharides in the
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cell wall responsible for the serotype-specifeactions have been well
characterized. This serotype-specifimtigen is composed primarily of
backbone structures of 1,2- ah@-linked rhamnose with glucose side chains
unique to differenserotypes of streptococ@Reinscheidet al., 2001).The
antitumor capacity ofLactobacillus delbrueckii subsp. bulgaricus or
Bifidobacterium infantis is related to a fraction of the cell wall peptitiaan
(Perdigonet al., 2001).The cellwall-associated proteins in lactis play an
important role in bacterial adherence for colonization intidid host
compartments(Chen et al., 2001). The cell wall preparation of whole
peptidoglycan (WPG) not only exhibited a high cagyato suppress the
tumor growth, but also reduced the tumor incide(idesonoet al., 1997).
Purified cell walls of bifidobacteria and certaiAB have antitumor activities
in that the cell wall induces activation of phag®esyto destroy growing

tumor cells (Macfarlane and Cummings, 2003).

1.2.14: Applications of Lactococcus lactis

Lactic acid bacteria have potential use for newliegpons, such as the
production of heterologous proteins in bio-reactors fermented food
products or directly in the digestive tract of hummaand other animals
(Seegers, 2002 he main breakthroughs for usihglactis as anmproved
cell factory were the development of a wide varietyenetic modification
tools, highly effective controlled-gene expresssystems, novel metabolic
engineering strategies, and food-grabiming systemsln situ production of
interleukin in mice has already been successhaywing the high potential of
LAB for medical applications (Steidleret al., 2000). Lactococcal
polysaccharides and oligosaccharides are of spateaést because they may
contribute to human health due tdheir antitumor, antiulcer

immunomodulating, acholesterol-lowering activity (van Hijuet al., 2004).
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(A) Probiotic Activity of Lactic Acid Bacteria

Probiotic microorganisms are those wtaohfer a benefit when grow
in a particular environment, often by inhibitingetgrowth of other biological
organisms in the same environment (Kuipers, 20®agent definition include
healthy human intestinal or mucosaicroflora as the main source of new
strains, with added emphasis survival in the gut, acid and bile stabilitydan
temporalkolonization of the mucosal surfaces in the intedtiract (Isolauret
al., 2002). Various beneficial effects to human hebbile been attributad
probiotic bacteria, mainly at the intestinal levelith a strong stimulatory
effect for maturation ofhe gut associated lymphoid tissue (Menefrdl.,
2003). A probiotic organism should be non-pathogenic and-toxic, and
also resistant to low pH and to bile salts to inwerds chances of survival in
the gastrointestinal tra@Burns and Rowland, 2090

Some probioticare members of the normal colonic microflora arel ar
not viewedas being overtly pathogenic. However, these orgaisave
occasionallycaused infections in people whose health is comjseanin
other ways (Sussmaret al., 1986). The best known are the LAB and
bifidobacteria, which are widely used in yoghuatsl other dairy products
(Macfarlane and Cummings, 2003), in preparatiofunttional foodsin oral
vaccines or their direct application as a probiotitture (Allisonet al., 2001).
Lactic acid bacteria have their probiotic effecty Influencing the
biochemical, physiological and antimicrobial adie$ or changing the
composition of the autochthonous or allochthonouigstinal microfloras
(Vintini et al., 2000). Some LAB, used as probiotic strains, radljuexerts a
positive action in lactose-intolerant consumergphyviding lactase in the gut
(Nouaille et al., 2003). Some strains have been desigradegrobiotics, i.e.
they may have beneficial effects on ti@st by improving the properties of

the indigenous populatioof gastrointestinal microorganisms (van Hijietn
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al., 2004).Lactobacilli, bifidobacteria, enterococci, and ptoeocci have
been used prophylactically to prevent traveler'srrtdea caused by
enterotoxigeni&. coli (Gibsonet al., 1997)

Probiotic organisms including LAB and bifidobactemteract with the
Immune system ahany levels, including cytokine production, mondeac
cell proliferation, macrophage phagocytosis and killing, modulation of
autoimmunity, and immunity to bacterial and protozoan pathogens
(Macfarlane and Cummings, 2003). Adherencd.adtobacillus acidophilus
(Bernetet al., 1993),L. lactis (Perdigoret al., 2001) and some bifidobacteria
to human enterocyte-likeACO-2 cells prevents binding of enterotoxigenic
and enteropathogertc coli, as well assalmonella typhimurium andYersinia
pseudotuberculosis (Fernandest al., 1998). Lactococci that are used or are
being developed as probiotics incluldelactis, L. lactis subspeciesremoris
(Streptococcus cremoris), L. lactis subspeciedactis NCDO 712,L. lactis
subspeciesactis NIAI 527, L. lactis subspeciesactis NIAI 1061, L. lactis
subspeciefactis biovar diacetylactis NIAI 8 W anl. lactis subspeciekactis
biovar diacetylactis ATCC 13675 (Drouau#t al., 1999). LAB and
Bifidobacteria of probiotic effect reduced colonr@aogenesis induceby
1,2-dimethylhydrazine in mice when used with fruotigosaccharidesand

inhibited liver and mammary tumors in rats (Reddg &ivenson, 1993).

(B) Antitumor Activity of Lactococcus lactis

Yoghurt, and the lactic acid producing baat¢hat it contains and milk
fermented with LAB have received much attention pagential cancer-
preventing agents in the diet with antitumor atyiand that they were able to
prevent intestinal infection (Perdig@hal., 2001). The finding that the oral
administration of dairy LAB or fermented milk exedt a therapeutic or

antitumor effect would provide a very attractivenfoof therapy in humans.
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Lactic acid bacteria can inhibit genotoxicity oetliry carcinogenm vitro
(Robinson et al., 1997) The increase in concentration of LAB as a
consequence of consumption of and / or prebiowegld to decreases in
certain bacterial enzymes purported to be invoimeslynthesis or activation
of carcinogens, genotoxins and tumor promoterss Waiuld appear to be due
to the low specific activity of these enzymes inB.ASuch changes in enzyme
activity or metabolite concentration have been sstgd to be responsible for
the decreased level of preneoplastic lesions ootsirseen in carcinogen-
treated rats given pro- and prebiotics (Bologmraal., 1997).

Antitumor activity ot.uconostoc mesentroids, S. cremoris (L. cremoris)
and S lactis (L. lactis) was investigated in solid mouse fibrosarcoma
(Gilliland, 1990; Hosodaet al., 1992). Whenngesting 100 g/day of a
fermented milk produc{'Olifus') containingLb. acidophilus (10'CFU/qg),
Bifidobacterium bifidum (L’CFU/g) andStreptococcus (Lactococcus) lactis
(10°CFU/g) andS. cremoris (L. lactis subsp.cremoris) (L°CFU/qg) for three
weeks, the activities of nitroreductase which psssenutagenic and
carcinogenic activity dropped significantly and eened at a low levaluring
this periodBurns and Rowland, 2090

When challenged with lethal levels of tungell line TC-1 expressing
E7, immunized mice show full prevention of TC-1-ueed tumors, even after
second challenge. Therapeutic immunization wlithlactis recombinant
strains, i.e. 7 days after TC-1 injection inducsgression of palpable tumors
in treated mice (Bermudez-Humaraet al., 2005). Thel. lactis 332
preparations have both priming and triggering #@oéis for the production of
TNF. The TNF level in the sera reaches about 1Q0Mll in mice 2 hr after
triggering injection. Intratumoral injection of tHe lactis 332 preparation
regresses MM46 tumor cells in C3H/He mice (Maegtaal., 1998).
Cytoplasmic fraction ofL. lactis ssp lactis (L. lac. CF) has strong
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antiproliferative activity on SNU-1 human stomaateaocarcinoma cells in
dose and time dependant manner (Lubedtéi., 2004). After exposure to the
cytoplasmic fraction ot.. lactis ssplactis for 72 hr, strong antiproliferative
activity is efficiently induced through S-phase @mailation in SNUC2A
human colon cell line (Kinat al., 2004).

(C) Macrophage Activation by Lactococcus lactis

The activation of macrophage after stimulations fegtious,
immunologic, and irritative) is the ability of thill to destroy intracellular
bacteria and tumoral cells. Activated macrophagechsracterized by
morphological, biological and immunological propest and by its
phagocytosis ability (Mytaet al., 1999). The activation of macrophage can
explain most of the signs encountered in severaeates: familial
hemophagocytic  lymphoreticulosis, accelerated phasef some
immunodeficiency but also protection of the orgamiagainst infectious
diseases, immunological tolerance and antitumaraiunity (Gargalovic and
Dory, 2003). Alternatively activated macrophageshasing a phenotype
distinct from what are now called classically aated macrophages.
(Pantelidiset al., 2001). Classically activated macrophages exhifih1-like
phenotype, promoting inflammation, extracellulartmxa(ECM) destruction,
and apoptosis, while alternatively activated mabemes display a Th2-like
phenotype, promoting ECM construction, cell probfiton, and angiogenesis
(Sunderkotteret al., 1994). Although both phenotypes are important
components of both the innate and adaptive immyseems, the classically
activated macrophage tends to elicit chronic inffaation and tissue injury
whereas the alternatively activated macrophagestemdcesolve inflammation

and facilitate wound healing (Duchmaetral., 1996). Gram-positive bacteria,
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specifically LAB, can induce proinflammatory cytokis, for example it has
been described that recombindntlactis have the capacity to produce and
secrete a biologically active foraf IL-12 that can be induced by exposing
macrophages to a variety of microbial productduiging lipopolysaccharides
(LPS), lipoteichoic acid (LTA), protein extracts, and hshbck proteins
(Clevelandet al., 1996). Other populations of macropha¢esg., splenic
macrophages) are capaloereleasing IFN-gamma, and that certain other
cytokines (e.g., IL-23timulate the production of IFN-gamma by macropkage
in vitro or in vivo which prevents colitispontaneously develops in
interleukin-2 (IL-2)-deficient mice (Duchmarat al., 1996). Som&AB, or
their secretion products, orally administerednice (actobacillus reuteri or
Lactobacillus brevis), had a stimulatory effect on secretion of
proinflammatory cytokinesuch as interleukin (IL)-13 and tumor necrosis
factor TNFe (Menardet al., 2003).The antitumor activity ot.. lactis ssp.
cremoris KVS20 may be mediated through the enhanced cyitotmtivity of
macrophage (Kitazawet al., 1991). Intraperitoneal injection &f lactis 332
causes an accumulation of neutrophils and macr@gshag the peritoneal
cavity of the treated mice. Thelactis 332 preparations stimulates peritoneal
macrophages to produce TN vitro. Intratumoral injection of thé. lactis
332 preparation regresses MM46 tumor cells in CZHfkice (Maedat al.,
1998).

1.2.15: Tissue Culture Applications for Studying the Effect of
Active compounds on Tumor Cell Lines

Practical uses ofin vitro systems have been established for
development of pharmaceutical agents. The usenofitro techniques to
identify a drug for development, refine a drug'sicac and detect problems

with a drug such that developmental costs can beinmied are all
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worthwhile in an environment where a mechanismatioa, the target cell
type(s), and / or cell functions are generally knoWowever,in vitro tests
are not generally amenable for assessing potamii@kpected or unknown
drug side effects and testimgyconducted in animals prior to human clinical
trials (Moriuchiet al., 1996).

For studying the effect of any compound and thehaeism by which
that compound can affect in cancer cells, this ireguhe availability of many
types of equipment the most important of whichasaer cell line (Grafonet
al., 2003). In 1990, International Cancer Institutes restablished a novel
manner to study the effect of different compounas detect their activity on
several cancer celis vitro by offering many tumor cell lines with simple
technique that facilitate the manipulation of thes#l lines to give more
compatible results to that's of vivo events (Zhangt al., 2003). Cell line
means a cell line or dispersed cells taken fromimal tissue, from a primary
culture or from a cell line which can be grown unde vitro culture
conditions retaining some or all of the histologjitzatures of the tissum
vivo (Kerkvliet, 2002). Additionally, the term also erabes cells of a single
type that have been grown in the laboratory foresa&v generations.
Moreover, the term relates preferably to the specéll-clones as well as
subclones thereof, heterologous cell is a tumdrdmived from a tumor or
metastases, also including micrometastases whitheabtained by surgery,
biopsy, or the like (Diehl-Jones and Bols, 2000he Ttumor cells can be
derived from any possible type of tumors (Boyd, &99n general, Wilson,
(2000) mentioned that the unknown compounds whiehuader test may be
having cytotoxic effect on cells or not, but theme many tasks behind the

study of cytotoxic activity of these compounds el nes including:-
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Detection of compounds that have cytotoxic actieiycancer cells.
Understanding how these compounds can affect caedsr

Prediction the anticancer activity of these comtsun

Detection which cell can be targeted by these camgs.

Determination of the optimum concentration of théve compound.
Understanding the relationship between the conagotr and time of

exposure (CxT) (exposure of cells to the active poumd).

The bases of the cytotoxic assay of these activgoands is death of
cells or inhibition their growth due to the cytoteyexcreted by these active
compounds, so the cytotoxic assay became essantlimportant for
detection new active compounds thereby reducesaomstime in comparison
when testing the activity of these compounds onoratory animals
(Freshnay, 2000). Later, it was observed that thtaxic activity of
unknown compounds on cancer cells may be reversiblereversible with
immediate or prolonged effect for several weekshfBschet al., 2002). The
importance of tumor cell lines comes from realizthg fact of cancer biology
in vitro, since these cells occur with uniformity comingnfr pure cell
population uncontaminated with fibroblast or epligdecells (Tomet al.,
1976).

Cytotoxic assay have many advantages when givemesand exact
statistical analysis so we can avoid repeated @xpets, also the relationship
between concentration and time of exposure (CxMysigal, chemical and
physiological effectors coming from environmenthoges can be controlled
with more stability thann vivo testing. Several tests can be carried out in
single experiment with low cost via micro titrati@ystem (Khimet al.,
2001).
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MATERIALSAND METHODS

2.1: Materials

2.1.1: Apparatus

2

Apparatus Company Origin
Anaerobic jar Rodwell (U.K)
Autoclave Gallenkamp (U.K)
Compound light Microscope Olympus Japan
Cooled centrifuge Chilipsin (U.K)
Distillator GFL Germany
Freez-Dryer Virtis (U.S.A)
Hot plate with magnetic stirrer Gallenkamp (U.K)
Incubator Gallenkamp (U.K)
Laminar flow hood Gelair_class 100 gelman (UK)
instrument
Micropipette Oxford (U.S.A)
Microtiter plate with 96 flat Flow lab.. Irvin (UK)

bottom well

Millipore filter unit (0.22 um)

Millipore and Whatan

(U.K)
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Oven Gallenkamp (U.K)
pH-meter Gallenkamp (U.K)
Portable centrifuge Hermixe Labortech Nik Germany
Sensitive balance Mettler Switzerland
Soniprep 150 MES (U.K)
Spectrophotometer Aurora instrument Ltd (U.K)
Ultra centrifuge Gallenkamp (U.K)
2.1.2: Chemical and Biological Materials
Substance Company Origin
Agar Difco (U.S.A)
Ammonium sulphate (N|,SO, BDH (U.K)
Ascorbic acid BDH (U.K)
Beef extract Biolife Italy
Bovine serum albumin BDH (U.K)
BHI Difco (U.S.A)
Calcium carbonate (CaGP BDH (U.K)
Chlorophenol red Fluka Switzerland
Commassie brilliant blue G-250 LKB Switzerland
Crystal violet Difco (U.S.A)
D-glucose BDH (U.K)
Dextrane BDH (U.K)
Diammonium citrate Riedel-Dehaeny| Germany
Disodium glycerphosohate Riedel-Dehaeny| Germany
DMSO BDH (U.K)
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Ethanol BDH (U.K)
EDTA Fluka Switzerland
Glycerol BDH (U.K)
HBSS Irvine, Flow lab.|| Scotland
Hydrochloric acid (HCI) BDH (U.K)
Lactose Difco (U.S.A)
L-arginine monohydrochloride Merck Germany
Lysozyme Sigma (U.S.A)
Magnesium sulphate (MgSp Merck Germany
Magnesium sulphate hydrate Merck Germany
(MgSQ,.7H;0)
Manganese sulphakgdrate Merck Germany
(MnSO,.4H,0)

Meat extract Biolife Italy
Methylene blue Fluka Switzerland
Nessler's reagent BDH (U.K)

Peptone BDH (U.K)
Phosphate buffer saline Sigma (U.S.A)
Phosphoric acid BDH (U.K)
Phytone peptone BDH (U.K)
Polypeptone BDH (U.K)
Potassium diphosphate AHPQy) BDH (U.K)
Potassium phosphate (KIRQ,) BDH (U.K)
Sodium acetate hydrate Merck Germany
Sodium acetate trinydrate Riedel-Dehaeny| Germany
Sodium chloride (NaCl) Riedel-Dehaeny| Germany
Sodium hydroxide (NaOH) Fluka Switzerland
Sodium lauryl sarcosinate AMRAsco Switzerland
Sucrose Difco (U.S.A)
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Triammonium citrate Riedel-Dehaeny| Germany
Tris hydrochloride Fluka Switzerland
Tween-80 Sigma (U.S.A)

2.1.3: Cultural Media

(A) Bacterial Cultural Media

Each medium was sterilized by autoclawwith the exception of SL

medium.

I. MRS Medium

MRS broth was prepared by dissolving tbkotWing ingredients in
1000 ml D.W. (Harrigan and MacCance, 1976):

Ingredients Weight (g)

Peptone 10

Meat extracts 10

Yeast extracts 10

Sodium acetate 10
Triammonium citrate 2

Potassium diphosphate 2

Tween-80 1 ml
Magnesium sulphate hydrates (MgStH,0) 0.2
Manganese sulphates hydrate (Mpn36,0) 0.05
D-glucose 20
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pH was adjusted to 6.5, then agar was added inafagkS agar and
sterilized by autoclaving. A quantity of calciunricanate (1%) was added as

indicator for LAB growth (cultural identification).

ii. VVM Medium
VVM broth was prepared by dissolving tladldwing ingredients in
1000 ml D.W. (Flores and Alegre, 2001):

Ingredients Weight (g)
Yeast extracts 10
Peptone 10
Sucrose 10
Potassium phosphate (KIPQOy) 10
Sodium chloride (NaCl) 10
Magnesium sulphate hydrate (MgStH,0) 0.2

pH was adjusted to 5.5 and sterilized by autoctavirhis medium was
used in production of protein from lactis.

ii. Brain Heart Infusion (BHI) Medium

BHI broth was prepared by dissolving 37 fgBéll in 1000 ml D.W.
sterilized by autoclaving. This medium was usedpasduction medium
(Baronet al., 1994).

iv. M17 Medium
M17 broth was prepared by dissolving ti®fving ingredients in 1000
ml D.W. (Bermudez-Humaragt al., 2003):.
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Ingredients Weight (g)
Polypeptone )
Phytone peptone )
Yeast extracts 2.5
Beef extract 5
Ascorbic acid 0.5
Magnesium sulphate (MgSQP 0.25
Disodium glycerphosohate 19
Lactose 10

pH was adjusted to 6.7 and sterilized kip@aving. The bacteria grown
in this medium was used in cell fractionation (extron of cell wall protein)
(El Sodaet al., 2004).

v. SL Medium
It was prepared according to Kandler aneisg/ (1986) by dissolving
the following ingredients in 500 ml D.W.

Ingredients Weight ()
Peptone 10
Yeast extracts 5
Glucose 20
Tween 80 1ml
KH,PO, 6
Diammonium citrate 2
MgSO, .7H,0 0.5
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MnSQ,.4H,0 0.2

14

Sodium acetate hydrates 25

pH was adjusted at 5.4 using glacial acetic acehthS g agar was
dissolved in 500 ml D.W. with heating and mixedrgized by autoclaving
for 5 min, cooled and poured in Petri dishes. Thedium was used in the

identification of the bacteria.

vi. Fermentation Medium

MRS broth medium was used as fermentation mediten @imination
both of glucose and meat extract and addition ofdf%ach the following
saccharides (arabinose, galactose, glucose, sucroad#ose, mannitol,
mannose, raffinose, lactose and xylose) and 0.004h%erophenol red.
Arabinose, galactose mannose and xylose wereizteriby filtration, while
other saccharides were sterilized with medium idgm&ts by autoclaving for
10 min., pH was adjusted to 6.5 (Al-Dulaimy, 2000).

vii. Gelatine M edium

It was prepared by dissolving 37 g of Bibibth in 1000 ml D.W.
followed by the addition of (12% w/v) gelatin thaére previously dissolved
by heating and sterilized by autoclaving (Baebal., 1994).

viii. ArginineeM RS Medium
It was prepared by the addition of (0.3%/v)w L-arginine
monohydrochloride to MRS broth each 10 ml weregfamed to test tube and

sterilized by autoclaving (Harrigan and MacCan&Z,q).
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IX. LitmusMilk Medium
It was prepared by dissolving 100 g oédmmilk and 5 g litmus in 1000
ml of D.W. and sterilized by autoclaving for 10 m{Baronet al., 1994).

(B) Tissue Culture Media

« RPMI-1640
It was prepared according to the methagtdleed by Freshney (2000)
by dissolving the following ingredients in a quayntiof D.D.W. and

completing the volume to 1000 ml.

Ingredients Weight (Q)

RPMI-1640 with hepes buffer, L-glutamine 10.4

Crystalline penicillin 100000 i.y.
Streptomycin 0.1
Bovine calf serum 10 %
Sodium bicarbonate 2%

Well mixed, sterilized by filtration, dispsed into well-sealed 20 ml

aliquots and stored at (-20°C) until use.

2.1.4: Céll lines
Both tumor cell lines (AMN-3 and Hep-2)danormal rabbit embryo
fibroblast (REF) cell line used in this study welatained from Iraqi centre

for cancer and medical genetic research/Baghdadrgorate.

(A) Ahmed-M ohammed-Nahi-2003 (AMN-3) Cdll line
This cell line was applied at the passage 50 thatesents mammary

adenocarcinoma of female mice Balb/c that hamevivo spontaneous
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mammary adenocarcinoma. This cell line have beepgsed by Al-Shemary
(2000), in Iraqgi centre for cancer and medical glerresearch, it was cultured
on RPMI-1640 medium supplemented with 10% fetdl sadum.

(B) Human epider moid lyryngocar cinoma (Hep-2) Cell line

Human epidermoid lyryngocarcinoma (Hepe2)l line was established
in 1952 by Moore and his partner from tumors thad fbeen produced in
irradiated cortisonized wealing rats after injestwith epidermoid carcinoma
tissue from the larynx of a 56 year old male (Moetral., 1955). This cell
line was adapted to grow on RPMI-1640 medium suppldged with 10%
fetal calf serum in Iragi Centre for Cancer and MallGenetic Research
instead of the original medium MEM which also wapgemented with 10%
fetal calf serum. Hep-2 characterized as a halldice, resist temperature,
nutritional and environmental changes without aslo$ viability (Toolan,
1954).

(C) Normal Rabbit Embryo Fibroblast (REF) Cell Line

Normal rabbit embryo fibroblast (REF) cell linecsnsidered as a main
and an important source that offer undifferentidibdbblastic culture. This
cell line was establishemh vitro after bringing out the embryos from the
uterus of the pregnant rabbit followed by gettingd) of the contents of the
abdomen of each embryo under aseptic conditions eftioryos were mashed
using trypsin and transferred to sterile falconatam nutritional medium
supplemented with 20% fetal calf serum. After tbenfation of confluent
monolayer, the cells were treated with trypsin-gaes solution to establish

another subculture (Al-Shemary, 2000)
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2.2: Methods

2.2.1. The Experimental Part of Microbiology

2.2.1.1: Preparation of Solutions and Reagents

Sodium hydroxide solution (0.1 N and 1 N)

It was prepared by mixing 0.5 ml of stock solut@mnhNaOH in
100 ml of D.W. to prepare 0.1 N. while 1N was prepaby mixing 5.2
ml of stock solution of NaOH in 100 ml of D.W.

Hydrochloric acid solution (0.1 N and 1 N)

It was prepared by mixing 0.8 ml of stock solutaHCI in 100
ml of D.W. to prepare 0.1 N. while 1N was prepagdnixing 8 ml of
stock solution of NaOH in 100 ml of D.W.

Tris-hydrochloride Stock Solution (1 M)

Stock solution of Tris-hydrochlorideas prepared by dissolving
1.2 g of Tris-hydrochloride in 10 ml D.W., and used cell
fractionation in 30 mM at pH 8.1.

EDTA Stock Solution (0.25 M)
Stock solution of EDTA was prepared by dissolvin3g of
EDTA in 10 ml D.W., and used in cell fractionatiahpH 7.3.

Catalasereagent (Atlaset al., 1995

This reagent composed of 3% hydrogen peroxide.
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e Commassie blue Solution (0.1 mg/ml)

It was prepared by dissolving 100 mg of Commalskie G-250
in a mixture consist of 100 ml of phosphoric ad@&%) and 50 ml of
ethyl alcohol (95%). The volume was completed t6QLtl with D.W.
and sterilized by filtration. This reagent was usedestimation of

protein concentration according to Bradford (1976).

* Methylene blue Solution (0.1%)
It was prepared by dissolving 0.1 g methylene biuda00 ml

D.W. and used as indicator forlactis growth.

2.2.1.2: Sterilization (Baily et al, 1990)

(A) Autoclaving
Bacterial cultural media, solutions, buffers andgents were sterilized
by autoclaving at 121°C and 15 b/iAdbr 15 min., with the exception of

SL medium

(B) Membrane Sterilization (Filtration)

Bacterial filtrates, sugar solutions (Arabinoselagibbse mannose and
xylose), dye solutions and lysozyme were steriligtedughout (0.22 um)
in diameter Millipore filters. While antibiotic safions, trypsine-versine
solution and tissue culturanedium (RPMI-1640) were sterilized

throughout (0.22 pmn diameter Millipore filter unit

(C) Dry Heat Sterilization
Electric oven was used to sterilize glass ward$@t180°C for 2-3 h.
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2.2.1.3: Samples Collection

Twenty samples of dairy products (bucolic sour yotg) pasteurized
milk and raw milk) were collected in sterile com@is from local markets in
Baghdad governorate and transferred immediatelthéolaboratory under
aseptic conditions within 1-2 h., followed by prgp#fion the isolates by
inoculating test tubes containing MRS broth mediuith 1% of each sample
and incubated at 37 °C for 24 h. under anaerobditions (in an anaerobic

jar).

2.2.1.4: | solation of Lactic Acid Bacteria

Lactic acid bacteria were isolated according torigan and MacCance
(1976) as following:

Tests tubes containing 10 ml of MRS broth mediuarenmnoculated
with 1% of each sample and incubated at 37 °C foh2under anaerobic
conditions (in an anaerobic jar). Serial dilutiomgere performed by
transferring 0.1 ml of each sample to test tubedasning 9.9 ml of sterilized
distilled water, mixed thoroughly, then 0.1 ml frdast dilution (1F) was
streaked on MRS agar plates containing 1% calciannonate (CaCg), then
incubated at 37 °C for 24 h. After incubation, &ngolony that surrounded
by clear zone was transferred and streaked on MB& alates for
establishing pure culture followed by incubatioe fflates at 37 °C for 24 h.
After that, a loop touch of the growth was transfdrto MRS broth and
preserved (Gilliland and Speck, 1997).
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2.2.1.5: Identification of Lactococcus lactis
The suspected LAB isolates were identified byftllewing tests:

(A) Microscopical Examination
A loopfull of each isolates culture was fixen a microscopic slide, and
then stained by Gram stain to examine cell shapamGeaction, grouping

and spore forming phenomena (Garvie, 1986).

(B) Biochemical Tests
The inoculum ratio of the bacterial cultwsed in the following tests is
1%.

I. Gelatinase Test

Test tubes contain gelatine medium were utaded with the locally
isolatedL. lactis and incubated at 37°C for 48 h., then test tuber® wooled
to 4°C for 30 min. to detect the liquifiaction dfet medium by the activity of
gelatinase (Barost al., 1994).

ii. Catalase Test
A touch of the locally isolateld lactis was placed on clean glass slide
followed by the addition of drop of hydrogen pei(3%); the production

of catalase was detected throughout gas bubbleataym(Atlaset al., 1995).

iii . Acid Production and Clot For mation

An inoculums ratio of the locally isolatédlactis previously grown in
MRS broth for 24 h. werasedto inoculatetest tubes containing Litmus milk
broth and incubated at 37°C for 48 h. (Kandler Wraiss, 1986).
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Iv. Production of Ammonia from Arginine

An inoculums ratio of the locally isolatedlactis previously grown in
MRS broth for 24 h. uset inoculate arginine-MRS medium containing test
tubes, and incubated at 37°C for 72 h. after thatdf Nessler's reagent was
added to 1ml of the culture. Changing the orangercof the medium

indicates a positive result (Harrigan and MacCahé&g).

v. Carbohydrates Fer mentation

Test tubes contain fermentation medium were indedlavith the
locally isolatedL. lactis and incubated with the positive control tube (only
fermentation medium) and the negative control t(dmntain MRS broth) at
37°C for five days The results were indicated dejpem on color and pH
changing since chlorophenol red will be purpletatgy4 and yellow at pH 4.8
(Al-Dulaimy, 2000).

vi. Growth in 4% and 6.5% NaCl

MRS broth containing 4% and 6.5% NaCl viasculated with the
locally isolatedL. lactis which were previously incubated at 18 and 24 h.,
then the new culture was incubated at 37°C for 2d 43 h. Growth and
presence of turbidity indicate a positive resulolfHt al., 1994).

vii. Growth in Different pH

MRS broth was prepared with different y#éues which are (4, 4.5, 9
and 9.5) by adjusting the normal pH of the mediumthiee addition of 1N
(HCI or NaOH). Test tubes with 10 ml of these med&re inoculated with
the activated isolate and incubated at (24 and 48 The growth was
observed in the presence of turbidity when compawét control tubes

containing culture free medium with previous pHued and other tubes
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containing the medium with the normal pH 6.5 aratirated with the isolate
(Holt et al., 1994).

viii. Growth at Different Temperature

MRS broth containing test tubes were inated with the locally
isolatedL. lactis previously incubated at (18 and 24 h.) and incedbait (10,
40 and 45°C). The growth was observed by compawittiy the control test
tubes that contain MRS broth inoculated with thalate and incubated at
37°C and the other controls are the media withalitice incubated at (10, 40
and 45°C) (Holet al., 1994).

iX. Growth in (0.1 %) Methylene Blue
This test is considered to be specified to the génulactis (Teuber,
1995).

MRS broth with (0.1%) methylene blue was inocedatvith the locally
isolatedL. lactis previously incubated at (18 and 24 h.) then, the oulture
with control tubes (MRS broth and 0.1% methylenesldnly) were incubated
at 37°C for 24 h. (Teuber, 1995).

2.2.1.6: Maintenance of Lactococcus lactis

Maintenance of bacterial isolates was performedoricg to
Contrerarst al., (1997) as the following:

(A) Short Term Storage (Working Culture)
Bacterial isolates were maintained for few wveek MRS agar plates.
The plates were tightly warped in Para-film andesticat 4°C.
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(B) Medium Term Storage

Bacterial isolates were maintained for few montlgssbtabbing MRS
agar in screw-capped tubes containing 5-8 ml of M&@&r medium and
stored at 4°C.

(C) Long Term Preservation (Stock Culture)

Bacterial isolates were stored for mamgrgen medium containing 15%
glycerol at low temperature without significant doef viability. This was
done by adding 0.15 ml of sterilized glycerol t8®ml of a bacterial isolates
that is previously grown for 6 h. of each isolatesmall screw-capped tubes
and stored at -20°C.

2.2.1.7: Extraction of Bacterial Proteins

(A) Extraction of Bacterial Secreted Proteins

Each of MRS, VVM and BHI broth were inodala with L. lactis and
incubated under anaerobic conditions to prevenptbeuction of hydrogen
peroxide at 37°C for 6 h to reach production ph@lder et al., 2002;
Hamasaket al., 2003).

For extraction of protein, a cell free supernafamtn each media was
obtained by centrifugation at 10,000 rpm for 20 main4°C followed by
filtration of supernatant through 0.2 pum filter uta get cell free supernatant
(Ennaharet al., 1998). The supernatant of each media was indksoely
treated with gradual addition of solid ammoniumps$ite saturation ratio
(80%). The mixture of each supernatant was storainight at 4°C followed
by centrifugation of each mixture at 20,000 g fdr.Jat 4°C. Each precipitate
was resuspended in 25 ml of 0.05 M PBS then sugettd dialysis in a
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tubular cellulose membrane (molecular weight citod6fLO kDa) becausk.
lactis is able to secrete proteins ranging from low-(>Iiakto high-(<160
kDa) molecular mass, against 1000 ml D.W. at 49Q#bh. with substitution
of permeability water 4 times during the period @&wd Ahn, 2000).

(B) Extraction of Bacterial Cell Wall Proteins

I. Preparation of Solutionsfor Extraction

Tris-hydrochloride Solution (30 mM)
It was prepared by withdrawing 1.5 ml from stockuson and
added to 48.5 ml D.W.

« EDTA Solution (0.1 M)
It was prepared by withdrawing 4 ml from stock $oin and
added to 16 ml D.W.

» Sucrose Solution (20%)
It was prepared by dissolving 4 g of sucrose im2@®f 30 mM
tris-hydrochloride.

* Lysozyme Solution (1 mg/ml)
It was prepared by dissolving 20 mg of lysozyme gemin 20
ml of 0.1 M EDTA.
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ii. Procedure of Extraction of Bacterial Cell Wall Proteins

The locally isolatedL. lactis was grown in M17 broth 2000 ml
incubated for 24 h. at 37°C, cellarvested 20 ml by centrifugatiat
11,000 rpm for 20 min. at 10°C, and washed oncé WBS. Pelleted cells
were resuspended in 15 ml of D.D.W. and frozer2@tC. Cells washed with
30 mM Tris hydrochloride pH 8.1, resuspended in K of cold 20%
sucrose—30 mM Tris hydrochloride pH 8.1, and treateh 1/10 volume of
lysozyme 1 mg/ml in 0.1 M EDTA pH 7.3 for 30 min&afC. Bacterial cells
were disruptetby sonication (six bursts of 1 min each) in icangs Sanyo
MSE Soniprep 150 and then diluted with an equalma of 3 mM EDTA
pH 7.3. After removal of debris and unbroken cbilscentrifugation at 2,000
rom for 10 min., an aliquot 1/4 volume of the egtravas subjected to
ultracentrifugation in a Beckman 70.1 Ti rotor $oh. at 60,000 g at 4°C, and
the resulting supernatant was used as the cytomafaction. The total
membrane pellet was washed twice with 30 mM Tridroghloride pH 8.1,
carefully suspended in 20 ml of 0.5% sodium lagaficosinate, and shaken
for 1 h. at room temperature. The sample was d¢agéd as before, and the
supernatant was sterilized through 0.2 um porefidieeunits. Aliquotswere
stored at -20 °C until required (Henrietal., 1995).
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2.2.1.8: Quantitative Estimation of Proteins

Protein concentration was estimated acogrto Bradford method by

using Commassie blue G-250 and Bovine serum alb(B%A) to determine

standard curve and estimate protein in concentfdtexte (Bradford, 1976).

(A) Standard Curve of Bovine Serum Albumin

Bovine serum albumin (BSA) solution was prepareddisgolving

0.1 g of BSA in a quantity of D.W. and the volumasacompleted
to 100 ml D.W.

Different concentrations of BSA (2, 4, 7, 10, 16,dnd 20 pug/ml)
were prepared.

A portion of 20 pl from each concentration was $farred to sterile
test tube, and then 50 pl of 1IN NaOH was added.

A gquantity of Commassie blue reagent 1 ml was addethese
tubes. After well mixing, it was left to stand abm temperature for
5 min. followed by reading the absorption for eaohcentration at
wavelength of 595 nm. Absorption was drawn agasitein

concentration. Figure (2-1).
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Figure (2-1) Standard curve of Bovine Serum Albumin.

(B) Estimation of Extracted Proteins
The same steps followed in standard curveewsed to determine the

protein in concentrated filtrate by taking 20 drfr each extract.
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2.2.2: The Experimental Part of Animal Tissue Culture

2.2.2.1: Preparation of Solutionsand Reagents

These solutions were prepared according ¢ontlkbthod described by

Freshney, (2000).

Antibiotics:
Crystalline penicillin 1000 000 i.u
Streptomycin 19
HBSS 100 ml
The solution was well mixed and sterilized by &tion and
stored at (-20°C).

Sodium bicarbonate
NaHCG; 4.4 g
D.D.W 100 ml

Well mixed and sterilized by autoclaving and stoaed°C.

Phosphate Buffer Saline (PBS)

It is composed of the following ingredients:

Ingredients || Weight (g)

NaCl 8
KCI 0.2
Na,HPO, 0.15

KH,PO, 0.2
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These ingredients were dissolved in 1000 ml D.Wi pH was

adjusted to 7.2, sterilized by autoclaving, co@ed stored at 4°C.

» HanksBalance Salt Solution (HBSS)

This solution was used ready.

* Neutral red Solution (0.01%)
A portion of 0.01 g of the dye was dissolved in 13i0of PBS.

* Trypan blue Solution (1%)
Stock solution was prepared by dissolving 1 g efdlge in 100
ml of HBSS, filtered by Wattman filter paper, stored &€ 4Working

solution was made by dilution 1:10 in HBSS befase.u

« Extraction dye solution
It was prepared by mixing 0.1M NaPiO, with absolute ethanol
in the ratio of 1:1.

e Serum
Bovine Calf Serum was inactivated by heating atGG835r 30

min. Dispensed into 20 ml aliquots and stored @tc2

e Trypsin-Versene Solution
Trypsin-versene 101g
PBS 100 mi
Well mixed, sterilized with 0.22 p filtering unihd stored at 4°C

until use.
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o Control (Il) for cell wall proteins Testing
It was prepared by mixing 30 mM Tris hydramide pH 8.1, 3 mM
EDTA pH 7.3 and 0.5% sodium lauryl sarcosinatefrilsged by
autoclaving, cooled and followed by the additiodysbzyme 1 mg/ml

which was previously sterilized by filtration.

2.2.2.2: Maintenance of Tumor Cell Lines

Tumor cell lines were monitored to form floant monolayer.
Subculture was established by discarding the oldlivne followed by
washing the cells with sterile PBS under asepticdmns, and then a 3 ml of
trypsin-versene solution was added with gentle isigalof the flask, the
solution was discarded. The cells were incubate8i7a€C until be separated
from flask wall, then trypsin-versene solution wdgscarded by washing using
growth medium followed by the addition of new grbwtmedium,
redistributed in special falcons and incubate87aC (Freshney, 2000).

2.2.2.3: Storage of Tumor Cell Lines
This preservation procedure was done aauprdo the method
demonstrated by (Freshney, 2000).

Long term storage was accomplished by freezing damvriquid
nitrogen. Cells suspension of “I€ell/ml in freezing medium (0.4 ml RPMI-
1640, 0.5 ml BCS and 0.1 ml Dimethyl sulphoxideyevadded drop by drop
to the cell suspension with continuous shaking nTthe cells suspension was
dispensed into 1 ml in sterile plastic ampoules &mpoules were packed
in an insulated, expanded polystyrene box and glateleep freezing at -70

°C; this ensured a cooling rate of less than 1°@/rAifter this time, the



Chapter TWO ... e Materials and Mettds  ¢¥

ampoules are rapidly transferred to holders andarsed in liquid nitrogen at
-196°C.

For using the stored cells, the cells wezeovered by placing the
ampoules into a water bath at 37°C until the suspenhas thawed. The
contents of the ampoules were transferred to desfdastic centrifuge tube,
and then an 8 ml of prewarmed growth medium wazaddell mixed and
spun down with 1000 rpm for 8 min to get rid DMS@e cell pellet was

reconstituted in prewarmed growth medium and seede®5 cni flasks.

2.2.2.4: Study the Effect of the Crud e Extracts and CWP of the
Locally Isolated Lactococcus lactison Tumor and Normal Cell

Lines

(A) Preparation of Medium and Tumor Cell Lines
The following steps were carried oudl@naseptic conditions:

« The addition of 2 ml of trypsin-versene solutiotoithe falcons of 25ctn
that contain the three cell lines (AMN-3, Hep-2 d@RBF) confidentially
after discarding the culture medium and washinghwRBS, then the
falcons were shaked lightly and incubated at 373%C 15 min. to
disconnect the adjoining cells and dislocate this gath container wall to
get as single cells as far as possible.

« A quantity of 20 ml of new growth medium was addeed falcons
containing a suspension of single cells with weiirieg followed by
transferring the contents of each falcon into aeotih away that each
falcon contained equal volume of both culture medand cells, and this

is called subculture.
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These containers were incubated at 37°C for 487nhd. for both cell
lines, AMN-3 and Hep-2 respectively. During theipdrof incubation, the
cells were daily watched to check whether thereoistamination or not

and their growth by examination with inverted mexope.

(B) Viable Cell Count

Viable cells count were performed accordimd-reshney, (2000) using

trypan blue dye exclusion method, dead cells tgkehe dye within a few

seconds making them easily distinguished from eialells. For this, one part

of cell suspension was mixed with equal volume ibfteld trypan blue stain

(0.2 ml trypan blue in 1.6 ml PBS). The numbersiable cells were counted

by using a Neubauer counting chamber.

(C) Cytotoxicity Assay of the Effect of the Crude Extracts of Lactococcus

lactison Tumor Céll Lines

Each extract (M6-80, B6-80 and V6-80) in additiom €WP were
sterilized by 0.22 pum pore filtering unit and déddt with serum free
medium in a manner of two fold dilutions startinghm(10, 5, 2.5, 1.25,
0.625 and 0.3125 pg/ml) under aseptic conditionssé concentrations
were used directly.

Cell suspension was prepared by treating the awertaif (25crf) with
trypsin-versene solution followed by the additioh 20 ml of growth
medium supplemented with 10% bovine calf seruml Sldpension was
well mixed followed by transferring 200 pl/well m©6 well flat bottom
microtiter plate using automatic micropipette ilm&tmow that each well
had contained (1x £aell/well) by counting the viable cells using tayp
blue dye.
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The plate was incubated at 37°C for 48 and 72 hAMN-3 and Hep-2
cell lines respectively until the adhesion of thedl cto the flat internal
surface of the wells, then the used medium wasadied followed by the
addition of 200 ul/well from each concentration ttheere previously
prepared for each extract as much as three regicatso six replicates
were made for the control which contained onlydbis with 200 pl/well
of serum free medium (SFM), then the plates werabated at 37°C in an
incubator supplemented with (5%) €O

After elapsing the incubation period, 50 pl/well ridutral red dye were
added and incubated again for 2 h. The contentsegblate were removed
by washing the cells with PBS to remove the excgesfollowed by the
addition of 20 pl/well of extraction dye solutiohat draw out the dye
from the viable cells that had stained. The resutgse read using ELISA
reader at wave length 492 nm.

The previous steps were applied for both cell linsisig the four extracts
for three periods of incubation which are (24, 48 &2 h.), while REF
was incubated for 72 h. only.

2.2.2.5: Statistical Analysis

Regarding tumor cell lines and normal cell lin&e(®, the results were

the mean of three replicates, while regarding trérol (control | and control

II) the results were the mean of six replicatese Tésults were subjected to

statistic analysis for determining the significaetfect among the rates of the

concentrations of crude extracts and their effectumor cell lines from side

and on the normal cells on the other hand. The eoisyn between groups

has based on analysis of variance test (ANOVA),lavithe significance
differences based on Denkin test. (AL-Mohamreea, 1986).
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RESULTSAND DISCUSSION

In this study the antitumor activity &f lactis was studied. The used
bacteria were isolated from different local dairyogucts (bucolic sour
yoghurts pasteurized milk and raw milk) which wedlected from local
markets in Baghdad governorate. LAB were primaidigntified depending
on the formation of clear zone around their growoodonies on MRS agar
containing calcium carbonate (1%) due to the aoodipced by these bacteria
that dissolve calcium carbonate. then the isolatese further identified

depending on their cultural, morphological and berical tests.

3.1: Identification of Lactic Acid Bacteria
(A) Cultural Characteristics

The colonies of some isolates on MRS &ggvour plate were circular,
white to yellow in color some of which were grayaoth, mucous, bright
and convex, table (3-1). These characteristics #iersame to those observed
when pure culture was obtained using streaking okt was observed that
the growth of LAB on MRS agar was heavier than rthlggiowth on SL
medium this may be due to the high ratio of sodagatate and high acidity
(Chapman and Sharpe, 1981).

Also, there were other isolates their coloniegati@rized by different
shapes (fusiform, ovoid and circular) white to paleolor, soft with smooth
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edges, non bright and some of which were convexchSaultural
characteristics are concerned with those of theorses of the genus
Lactobacillus (Kandler and Wess, 1986).

(B) Morphological Characteristics

Microscopic examination after Gram stainispowed that some
suspected cells were spherical, tend to be ovoidl gaouped in pairs, tetrads
and short chains, Gram positive and non spore faymiable (3-1), these
results are supported by those of El Setca., (2004) when they isolated 237
isolate ofL. lactis among a total of 2000 isolates of LAB obtainedniro
traditional Egyptian dairy products (different tgpef raw milk, ras, domiatti
and kareish cheese, mish, cream, butter and feeahanilk) obtained from
different regions in Egypt.

Also, it was observed that the other isdaihat may be belong to the
genusLactobacillus characterized as long curved rods, arranged irt simor
long chains (3-8) cells and some of which were Isirapnd in pairs, Gram
positive and non spore forming.

Depending on the results of the cultunadl anicroscopic tests, nine
isolates may be belonging to the gehastococcus referred to as (Lcl, Lc2,
Lc3, Lc4, Lc5, Le6, Lc7, Le8 and Lc9) and the othested isolates may be
belonging to the genud.actobacillus. The abundance of the genus
Lactococcus in dairy and dairy products is reasonable becthsepossesses
proteinase enzyme system encourage them to grawmilknand its products
(Hayeset al., 1990).

Since the present study focused on smgdyine effect of the crude
extract of the genukactococcus on tumor cell lines, so we restricted the

biochemical tests on these suspected isolatesimgntire others.
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Table (3-1): Morphological and Cultural Taxonomic Characteristics of
the suspected isolates.

Characteristics Results
1- Gram stain G +ve
2- Cell shape Spherical to oval
3- Grouping Single, in pairs and short chains

4-Colony shape on MRS and S$LCircular, small, regular, convex

7

agar with smooth edges
5- Motility Non motile

6- Growth under aerobic conditions +

7- Growth under anaerobic conditiops +

(+): Presence of Growth.

(C) Biochemical Characteristics

Biochemical characteristics shown in tai3l€2) demonstrated that each
of the nine isolates were catalase negative sincbuibbles were observed
after addition of hydrogen peroxide, gelatinaseatigg, and the isolates
(Lcl, Lc4, Lc5 and Lc8) produced ammonia from aiggndue to the
presence of arginine deiminase whiclome of three enzymes that comprise
the AD system, AD catalyzes the conversion of Lirarg to citrulline with
the concomitant production of ammonia (Misaetaal., 1994). Also these
four isolates have grown in 0.1% methylene bludw&duction of dye with
tenuous growth in 4% NaCl while the growth was lagkin 6.5% NaCl and
45°C and produced acid and formed clot in litmulk rmausing the lowering
of pH from 6.5 to 4.5, while other isolates (LcZ3,. Lc6, Lc7 and Lc9) did

not produce ammonia from arginine due to the stglmf the orange color of
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the medium, and lacked the ability to grow in 4%CNas well as inability to
grow in 0.1% methylene blue, also, all isolatesetalkpart in their inability to
grow at 45°C and pH 9.5 but have grew at pH 9,lfatiue anaerobic since it
had the ability to grow under aerobic and anaerobraitions and can grow
at (10-40°C), these results are in agreement \axbriomic characteristics of
the genud.actococcus which were mentioned by (Hadt al., 1994; Vescovo
et al., 1996; El Sodaet al., 2004).

In order to differentiate the nine isektof Lactococcus species,
carbohydrates fermentation test was performed.iddiates were different in
their ability to ferment the carbohydrates sourseds The isolates (Lc2, Lc3,
Lc6 Lc7 and Lc9) which fermented (glucose, sucrdaetose, mannose,
mannitol, galactose, maltose and raffinose) butedain their ability to
ferment arabinose and xylose were identifiedLastococcus raffinolactis.
While the isolates (Lcl, Lc4, Lc5 and Lc8) varythreir ability to ferment
xylose while unable to ferment arabinose and raffenbut have fermented
the other used saccharides were identifield. éactis (Teuber, 1995).

According to the results above, the oNeesultant was nine isolates of
Lactococcus; five of them (Lc2, Lc3, Lc6 Lc7 and Lc9) were ididgied as
Lactococcus sp. raffinolactis and the others (Lcl, Lc4, LcS5 and Lc8) were
identified aslLactococcus sp.lactis. Our study focused on studying the effect
of the crude extracts of the gerluactococcus sp.lactis ignoring the species

raffinolactis.
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Figure (2-1) Standard curve of Bovine Serum Albumin.

(B) Estimation of Extracted Proteins
The same steps followed in standard curve were tse@btbtermine the

protein in concentrated filtrate by taking 20 drfr each extract.



Summary

This project was conducted to study the activity sdcondary
metabolites produced by one of a human microflohackv is Lactococcus
lactis in addition to its cell wall proteins and theifext on tumor cell linem
vitro. The study regarded the following:

First: Twenty samples of dairy products (bucolicursojoghurts,
pasteurized milk and raw milk) were collected, nis@ates of_actococccus
were isolated by propagating in MRS broth mediufiofeed by subjecting
the isolates to microscopic, cultural, physiologiemd biochemical tests
which included the ability to ferment carbohydratesirces, catalase and
gelatinase production, the ability to produce amimdrom arginine and the
ability to grow at (10, 40 and 45°C), 4% NaCl an@l% methylene blue, in
addition to the ability to grow at different pH @.5, 9 and 9.5). The results
showed the presence of four isolates belongede@émud_actococcus sp.
lactis.

Second: Growing the bacteria in three broth pradaciedia, which
were MRS, VVM and BHI at 37°C for 6 hr followed lextraction of crude
extracts using three ammonium sulphate saturaatinsr which were 20%,
50% and 80% for each medium confidentially. TheralWeesult was nine
crude extracts (three from each medium), as welfesving the bacteria in
M17 broth media at 37°C for 24 hr to extract cehlllwproteins using
sonication method followed by estimation the comaions of extracted
proteins depending on standard curve of bovine nsealbumin. The
concentrations of extracts varied from one to amotlepending on the type of

production medium and saturation ratio.



Third: Study the cytotoxic activity of prepared centrations for each
crude extract (10, 5, 2.5, 1.25, 0.625 and 0.31@%n]) on two tumor cell
lines (AMN-3 and Hep-2) for three incubation peso@4, 48 and 72 h) in
addition to normal rabbit embryo fibroblast (REE)Idine for 72 h. only. The
result illustrated a clear cytotoxic activity ofege crude extracts with high
significances on both tumor cell lines during theee incubation periods,
suggesting that the cytotoxic effect of these crexkeacts is a dose and time
dependant, but on REF cell line, there is no sigaiit effect of these crude
extracts was reported, suggesting also, that malgebactive compound &f.
lactis posses some specificity in cytotoxicity on cancells but not on
normal cells.

The reflection coefficient for each of the fouude extracts at each of
the two tumor cell lines (AMN-3 and Hep-2) was measl during the
incubation period (72) h. and the relation betwdenconcentrations of each
crude extract, the intensity of their cytotoxicesff was reversible since the

values of the reflection coefficient were negative.
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