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ABSTRACT

KEYWORDS

Immunoglobulin G (1gG), immunoglobulinM (IgM) and lactoferrin (LF) were
isolated from camel milk using gel filtration and ion exchange chromatogra-
phy. The isolated proteins were tested for purity using polyacrylamide gel
electrophoresis. The IgG and IgM activities were tested using ELISA tech-
nigue. The inhibitory effect of 1gG, IgM and LF was examined alone or in
combination against some isolates of mastitis-causing pathogens. Results
reveal ed apositive bacteriostatic effect for LF, 1gG and IgM against Srepto-
coccus pyogenes, Escherichia coli, Staphylococcus aureus, and
Enterobacter aerogenes, when they tested alone. The inhibition rate was
markedly varied between LF and antibodies. When 1gG or IgM was added to
LF, theinhibition rate was enhanced. From these resultsit can be concluded
that theinhibition effect of suchimmune proteinsmay explain the pronounced
use of camel milk as an antimicrobial agent in many different areas of the
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INTRODUCTION

Milk consdersthesolefluid for thousands of mam-
mals’ neonatesasit providesthe complete nutritional
requirements of each corresponding species. Mean-
while, it contains componentsthat providecritical nu-
tritivedements, immunol ogical protection, and biologi-
caly active substancesto both neonates and adults?4.
Meanwhile, asdo other biological secretionssuch as
sdiva, tears, bronchid, nasal and pancreaticfluid, milk
containsminor protective proteins. These areantibod-
ies(immunoglobulins) and non- antibody-components,
i.e., complements, lysozyme, lactoferrin, lactoperoxi-
dase, xanthine oxidase and leucocytes. While, the anti-
bodies aredirected against specific antigens, the non-
antibodies protective proteinsaugment and complement

theantibody mechanism. The concentration of protec-
tive proteinsvaries according to species. It isrecog-
nized that the concentration of the nutrientsvariesac-
cording to the needs of the offspring and dependson
suchfactorsasmaturity at birth, rate of growth, diges-
tive system and environment. However, itisnot known
what determinesthe variation in the concentration of
the non-antibody protective proteins. The composition
of milk of different Speciesrespondstothespecid needs
of the newborn; for example human milk isrichin
lactoferrin and lysozymewhilein bovinemilk lactoper-
oxidase and xanthine oxidase arethemain protective
proteing?, Came milk ischaracterized by higher con-
tentsof immunoglobulins, lysozymeand lactoferrin®19,
Although, severd researchershave studied the antimi-
crobid action of lactoferrin andimmunoglobulinsfrom
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milk of different oeciesagaing different microorganiamis
[2256212719.1928 no attempts have been madeto study
theinhibition effect of camel immuneproteinsagainst
meastitis-causing bacteria

MATERIALSAND METHODS

Milk samples

Came milk wasobtained fromfarmsat El-Alamin
and Bourg El-Arab areasaround Alexandria, cow’smilk
from the herd of Faculty of Agriculture, Alexandria
University, Egypt.

Animals

Purestrainsof rabbitswere obtained fromthefarm
of Faculty of Agriculture, AlexandriaUniversity, Egypt.

Chemicals

All chemicdsusedingdl eectrophoresiswerefrom
Bio-Rad (Richmond, CA 94804, USA). Polyvaent
antiserum of goat anti-rabbit- 1gG labeled with horse
radi sh peroxidase; 3,3'-diaminobenzidine, O-phenyl
endiamine, H,O, (30%), Tween 20, Sephacryl S-300,
CM-cdllex, Freund’sadjuvantswerefrom Sigma( St
Louis, MO 63178,USA).

Organismsand media

Strains of Sreptococcus pyogenes, Escherichia
coli, Saphylococcus aureus, and Enterobacter
aerogenes have beenisolated from bovine subclinica
meastitic anima sfromthe herd of faculty of Agriculture,
AlexandriaUniversity. |solateswereidentified asde-
scribed by!®!, Bacterial isolates were maintained on
nutrient agar slantsat 4°C. Before, experiments, they
weregrown overnight at 37°Cin BHI broth.

Inhibition assay test

For growth inhibition, 4 ml of BHI broth werein-
cubated with 100l of stock broth culture. 50ul of pu-
rified protein solutions(1mg/ml) which sterilized using
0.22umfilter membrane (Millipore) were added and
incubated at 37°C for 24 hours. At interval times por-
tionsweretaken for colony countswhich were deter-
mined using standard platetechnique.

Preparation of immuneproteins
Immunoglobulins G and M aswell aslactoferrin

wereisolaedfrom came milk by ge filtration (Sephacryl
S-300) and cation exchange (CM-cellex) chromatog-
raphy as described.

Polyacrylamidegel electrophoresisS(PAGE)

Homogeneity of isolated lactoferrin and immuno-
globulin G and M wasandysed by dkdinenative PAGE.
Protein solutionwasdiluted 1: 3 (v/v) with buffer 0.05
M Tris-HCI, pH 6.8; then mixed intheratio 1:1 (v/v)
with samplebuffer 0.5M Tris-HCI, pH 6.8 containing
glycerol (7.5%), bromophenol blue (0.5%) and sub-
jected to el ectrophoresig*®. Therunning buffer con-
ssted of 0.192M glycineand 0.025M Tris. Runswere
carried out at 150 V until theend of electrophoresis.
Electrophoresiswas performed using Mini-Protean I
cdl (Bio-Rad) and protein bandswerelocdized inthe
gelsusing Coomassie blue R-250 (0.1%).

Antiseraproduction (immunization)

Polyvaent antiserato camel milk protenswerepre-
pared according to the procedure described by'®. Rab-
bitswerefirstimmunized, with 0.5 ml of antigen (5 mg/
ml sterileNaCl, 0.9%) in suspensonwith 0.5 ml com-
plete Freund’s adjuvant by intramuscular injectionin
several sitesat week 1. Inweeks3and 5, each animal
wasinjected intradermaly with abooster dose 0.5 ml
of antigen (Img/ml) in suspensionwith 0.5 ml incom-
plete Freund’sadjuvant. The seraweretested for anti-
body production beforethethird immunization. The
animalswerebled about 14 days after thelast immuni-
zation. Blood wastaken fromrabbitsand theantiserum
titrewas measured.Antiserawere stored at -30°C until
used.

Enzymelinked immunosor bent assay (EL 1 SA)

Antibody activity wasmeasured by ELISA which
was performed asdescribed by!™™ using ninety-six wells,
round bottom, microtitre plates (Falcon Laboratory
ware, CA 93030, USA). Plateswere coated with 50pl
per well of 20 ug/ml of cow milk casein. 50 ul sample
wereadded. Polyclona antiserum of rabbit anti-camel
IgG wasadded to each well. 50 pl of polyvalent anti-
serum of goat anti-rabbit- 1gG labeled with horserad-
ish peroxidase were added. Thereaction was devel-
oped with O-phenylendiamine-H,O,. Absorbancewas
measured at 490 nmin aTitertek Multiskan spectro-

photometer.
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RESULTSAND DISCUSSION

Theinhibition effectsof camd milk lactoferrinand
immunoglobulin G and M (1mgml) on some pathogenic
bacteriaas Sreptococcus pyogenes, Escherichia cali,
Saphyl ococcus aureus, and Enterobacter aerogenes
areshowninfigures(1-4), repectively. Resultsreveded
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Figure1: Inhibition effect of camel milk immunoglobulin

G, immunoglobulin M and lactoferrin on Sreptococcus

pyogenes. (M ean Valuest SEM)
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Figure2: I nhibition effect of camel milk immunoglobulin
G, immunoglobulin M and lactoferrin on Escherichia
coli.(M ean Valuest SEM)
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Figure 3: Inhibition effect of camel milk immunoglobulin
G, immunoglobulin M and lactoferrin on Saphylococcus
aureus.(M ean Valuest SEM)
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Figure4: I nhibition effect of camel milk immunoglobulin
G, immunoglobulin M and lactoferrin on Enterobacter
aerogenes(M ean Valuest SEM)

that lactoferrin had a pronounced effect on the growth
of dl tested strainsand noneof themwasabletoresst
the bacteriostatic effect of lactoferrin. The bacterial
growth was markedly reduced in thefirst 4 hours of
incubation comparingwithcontrol. Themaximumgrowth
inhibition of lactoferrin wasrecorded with E.coli than
any other strain. Thisresult agreeswith early reported
databy®¥, who found that purified lactoferrin from cow
milk wasabletoinhibit E.coli. Thehighestinhibition of
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lactoferrin against E.coli rather than other strainsmay
duetothat lactoferrinisaglycoproteinwhichisableto
bind two metd binding cations, preferably ferricionsat
specific binding Sites. Thereforeit competeswith other
bacteriafor iron present inthemedia. SinceE.coli is
the highest strain for iron requirement in the growth,
thereforeit wasthemost affected by lactoferrini®, It
was reported that theinhibition effect of lactoferrin
against mastiticisol ates of Saphylococcus aureusbut
there was no effect against Sreptococcus agalactia
and Sreptococcus uberis. The study attributed that to
thevariationiniron requirementsamong different iso-
lates. It was reported that the concentrations of
lactoferrin in cow, human and camel milkswerein-
creased in subclinica mastitig*”122, Meanwhileit was
found that antimicrobid activity of lactoferrinmay be
different in Gram-negativeand Gram-positivebacteria
duetothedifferencesinthe cell membrane structure.
However, previousstudiesin catleand humans showed
bacteria isolates (both Gram-positiveand Gram-nega-
tive) inhibited by in vitro addition of lactoferrini201118],
Lactoferrin can act as either a bacteriostatic and/or
bactericidal agent(*218, Thisdifferencein theactivity
may, in part, explain thewiderangeof lactoferrin ac-
tion. Thismay dueto the presence of lactoferrin-bind-
ing proteinsor lactoferrin receptors on the surface of
themicroorganismsmay partidly explaintheresstance
of theseisolatestolactoferrini*4,

Al-Mgdi et d .1 studied theantibacterid effectsof
camd lactoferrin against some sel ected i sol ated bacte-
riafrom subclinical mastitic milk. All tested bacterial
isolateswereresistant to the camel |actoferrin except
Saphylococcusaureus (20isol ates), 2 Strepto cocuss
agalactiag?, and 12 Streptococci other than Strepto-
coccus agal acti ae (growth was not inhibited at 50 mg/
mL lactoferrin concentration). Lactoferrinfailed toin-
hibit any of the A.pyogens, and Escherichia coli iso-
lates. Themost sensitiveisolateto lactoferrin wasone
of the Saphylococcus aureus isolate with an MIC
vaueof 0.006 mg/mL. Lactoferrinisolated from cam-
elsmilk was abletoinhibit growth of only 20% of the
Saph. aureusisolate

Theconcentration of lactoferrinin came milk might
be associated with the pathogenicity of the bacterial
speciesthat present in the mammary gland?. In cattle,
thehighlevelsof lactoferrin were observedin milk in-

fected with Saureus?!. A low lactoferrin concentra-
tioninmilk with E.coli may lead torapid growth of the
bacteriaand exaggeration of theclinical disease. On
the contrary, lactoferrinwas significantly increasedin
cowsexperimentdly infected with E.coli®™.

Concerning immunoglobulinG and M, resultsre-
ved ed that al strainswereinhibited by both types of
immunoglobulins. Sreptococcus pyogenes, Escheri-
chia coli and Saphylococcus aureus were more af-
fected by the action of both typesof immunoglobulins
than Enterobacter aerogenes. ImmunoglobulinM was
more effective than 1gG on Sreptococcus pyogenes
and Escherichia coli than Saphylococcusaureusand
Enterobacter aerogenes. The synersegtic inhibition
effect betweenimmunoglobulin G or M andlactoferrin
werenoticed. Inal casestheinhibition effect wasen-
hanced by thesynergestic effect between lactoferrinand
IgG or IgM. It was more pronounced in case of Sa-
phylococcus aureus and Escherichia coli. Results
reveal ed that 1gG with lactoferrin wasmore effective
than IgM withlactoferrinon all bacteria isolatesexcept
Sreptococcus pyogenes®. Who studied the effect of
purified immunoglobulin G1 and lactoferrin from buf-
falo milk on some Gram-negative and Gram-positive
bacteriacausing mastitisin cattle. They it found that
therewasapronounced variation between lactoferrin
andlgGLlintherinhibition effect. Lactoferrinwasmore
effective on Gram-negativethan Gram-positive bacte-
rid isolates. IgG1 waseffective on both types of bacte-
ria. The presence of IgG1 with lactoferrinresultedin
enhancement of itsbacterid inhibition®,
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