Gl 4y s
alal) i)y dlad) aail) 50 3
 slall LIS ] (o gall dncals
Blall agle aud

yaads Siderophores waall clala (o Aijadly Gediall (gadll
a5 A dugaadl Claliaal) Gans g 4Tl Audanial) \gaullad

L) LS

Lijgaa shal [ Slald) agle

-

by
Jsasal) Auuy

4l daa) une gl s

22023 21445



dadAl)

lelsil (aniing Siderophores sl s Zll e @aill Cargy duhall oda Cupal
Klebsiella pneumonia «Escherichia coli ) duaydl LiSll gl asy
L8 Al (Staphylococcus aureus s Proteus mirabilis « Enterococcus faecalis
LSl el any gai Janitn Ao dgall clabiad) ae 5L Laasy dall cdlels Glaliii
CDala ) Janin Al<al Ay S caaal) cDLlal Badall cliall ge @aill ge Db
gae palaaly (LSally deall) Dol dse phadiuls Jually (Gebaal) i) Ao aaal)
- (Blasdly g Ladll) dulgaS 4l ilialiig (Sluysadl (aslag cdlijiadl (adls)

b8 (amy ly caall cBllal daiie calS Auhall a8 W) aes of b Caag)
danie cul€ (Al clVies (%50 Lty cNSES g5 o aaall EDlalal At il @Yl
O sl colalal davie colS (ga) EWie s %35.7 Aty ClasuSs pagl) £33 (e waall clalal
caaal) cDlela (e el datiie culS il 038 (he Lad (g 1 %28.5 duaty D)l g 58

s bl copglad Lkl slas Javill bydl ge (gaill woall el adlaial &
Oe S Al 8 Ladle) culSy Adal pasd) edlels cilealiied Adagill Llledl) duas 8 Ll
se (69.2%)5 (84.6%) s Ecoli 5 LS jaldiuag S. aureus 4 LS (aldiua
Glaliine Ly Cayiy (61.5%) 4wy P mirabilis LiS paliies 4 b il
038 (e Jangly cAagpaall LSl olan Bl eyt Adlad oty (6AY) LK) e sl cDlla
COlala (e paliiis e Y Baaaie Luules @ld ilS Auhall 48 5l puea o) Load gl
o el dules il A S, aureus 45 S. aureus 3 oiliall laele dwg)adl sl
Jagd sl Edlls clalitiig

Lo 8 el ) 8l Cyelaly Lgaad) laliaall slad el daulus and (5]
Badxie daglie 3 il Lgrall Y3l paen o Laagl 3) dugall Claliaall Lgiagliey gissbin
el Gitaglie WS Gus Elcoli 65 E.coli 5 alye Ul multidrug resistant (MDR)
Claliaall gl pnand dulin ilS Eicoli 3 & daih 5aaly dliey gl Claliadll (o dath
Oo by gal daglie il eWie poaens o) 2a9 38 S qurens <NVal Gaadly W LAl
DS Gupd Wy Ldsall claladll e cpe st daslie clS S, qurens 3 elnal cilaliadl
Cring olgl daslie LSl cujelal S dugaal) claliadlly aoall cOlala lalitn gy gkl
paliis o Lo cilias Al 5B dleny 3B el ST culS EL faecalis Ay of gl
il Ly (ake YY) &b dain by CFM abadl a0 S. aqureus ¢ LASH sl <Slls
Loy (ale A=Y) led il Uadl jolaw o) 3 A3l clllealls 156 J8Y1 EL coli 2 el



I
&) gt e llie Ly il dgall cliliadi-aasll edllal cilaliniod) L8 @l
gl lalicaal) £g39 Lge Laliiuall ciiall g63 Cus Julal
e oibe (B PCR 4 aladiul yosll <Blals Y sadall cliall e (gl &
zWY Ladall fucA oally Enterobactin z WY jedall entC cpall ciesay E. coli LS
S WS (e oilie (B aaall cdlels ZlY Badall cliall (e @il & WS cAerobactin
zY el sfnaB (pally staphyloferrin B zY edall SONE (49 aureus
Liv E. coli LS le 8 3sa9e O €71C cpall of a3l < «staphyloferrin A
LIS 3 Tasgie OIS sfaB ol of () @il cajglal g ¢ Jadh sanly Aje b ucd cuall 2ng
Lo asly dlye 3 135330 O sHRE cpalls S. aureus e
dafall gl Sub-MIC Ll dhdidl cady MIC Liall ddadall 3€0A0 a8 aaas &
o Ll chlaa) & cpelly paall szl hain @hlia) b Ledied) 42684
e bl clals zlal b Gleadl Jsasl) Galiivally i due o Gelaall ssindll
bt E. coli 1 e (& paall cOlla zb) chipad) (acls Ladis oS, aureus 4 5 E. coli 1
o il it cadly L S qureus 4 e b vaal) COlls z il clusad) Gasls Lad
aslag slain Juey Glawdl Joadll Galiiudly £. 0ol 1 abal) dlelae o) Aall (ssicdll
il cell WS ¢ entC ool Lo g alg iucd oeal) slidl Il saa e IS ebijid)
ygudl (aalag Hlaie Juey Gleadl Joasl paliiwdl plasials S qureus 4 sl dilas o
Gle s gl i) o) L sfaB ceall e 55 bl shnE cpall elna) D) @l sas e (S
LSl ggiall o Juas Lol



Abstract

The current study was conducted with the aim of investigating the
production of Siderophores and diagnosing their types in some types of
pathogenic bacteria (Escherichia coli, Klebsiella pneumonia, Enterococcus
faecalis, Proteus mirabilis and Staphylococcus aureus) and studying the ability
of Siderophores extracts alone and in synergy with antibiotics to inhibit the
growth of some type of bacteria, as well to investigate the genes encoding
Siderophores, as well as to study the possibility of inhibiting the production of
Siderophores at the phenotypic and molecular level by using natural materials
(honey and propolis), organic acids (citric acid, sorbic acid) and alcoholic plant
extracts (mint and sumac).

The results showed that all the isolates under study were producers of
Siderophores, and that some of these isolates were producers of of the
catecholate type by 50%, other isolates were producers of of the type
hydroxomas by 35.7%, and other isolates were producers of of the type of
carboxylate by 28.5%. Some of these isolates produced two types of
Siderophores.

Siderophores were extracted to investigate their inhibitory effect on
bacteria and the results showed a clear variation in the percentage of the
inhibitory activity of the different Siderophores extracts, and it was the highest
in the case of each S. aureus 4 extract and E.coli 5 extract with rates of (84.6%)
and (69.2%), respectively, followed by P. mirabilis extract with a rate of
(61.5%), and the rest siderophores extracts from other bacteria with lower
inhibition activity rates towards the studied bacteria, and it was also noted from
these results that all the isolates under study were highly sensitive to more than
two extracts of the studied siderophores except for the two isolates S. aureus 3
and S. aureus 4 that were sensitive to only two types of siderophores extracts.

The sensitivity test of the isolates towards antibiotics was conducted and
the results showed that the isolates differed in the pattern of their sensitivity and
resistance to antibiotics. It was noted that all intestinal isolates were multi-
resistant (MDR), except for two isolates E.coli 5 and E.coli 6, which were
resistant to only two types of antibiotics, and only one isolate, E.coli 3, was
sensitive to all types of used antibiotics. As for the S. aureus isolates, it was
found that all of its isolates were resistant to one type of antibiotic, except for S.
aureus 3, which was resistant to two types of antibiotics. Then the synergistic
effect test was conducted between siderophores extracts and the antibiotics to
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which the bacteria showed resistance, the results showed that the E. faecalis
isolate was the most affected by the synergistic effect , which occurred between
S. aureus 4 siderophores extract of with the antibiotic CFM, with an inhibition
zone reach (27 mm). While the isolate E. coli 2 was the least affected by the
synergistic activities, as its inhibition zone did not exceed (1-8 mm) while the
rest of the of siderophore —antibiotic showed a synergistic effect varying from
moderate to slight depending on type of isolates and type of antibiotic.

Genes encoding the production of siderophores were investigated using
PCR technology in two isolates from E. coli, which included the gene entC
encoding for the production of Enterobactin and the gene iucA encoding for the
production of Aerobactin, also the genes encoding for the production of
siderophores were investigated in two isolates from S. aureus, sbnE that encodes
for the production of staphyloferrin B and sfnaB gene that encodes for the
production of staphyloferrin A, the results of the investigation showed that the
gene entC was present in two isolates of E. coli, while iucA was found in only
one isolate, while the results of the investigation showed that sfnaB gene was
present in both isolates of S. aureus while sbnE gene was present in only one
1solate.

The minimum inhibitory concentration (MIC) and sub-MIC were
determined for the different inhibitors used in the inhibition tests for the
production of siderophores. The results of the inhibition tests at the phenotypic
level showed that Sinjar honey and alcoholic extract of sumac inhibited the
production of siderophores production in E. coli 1 and S. aureus 4 isolates.
While citric acid inhibited the production of siderophores in E. coli 1 only, while
sorbic acid inhibited the production of siderophores in S. aureus 4 only. The
results of inhibition at the molecular level showed that treatment of the E. coli 1
isolate with alcoholic sumac extract, Sinjar honey and citric acid separately led
to the disappearance of the iucA gene, while it did not affect the entC gene.
Sinjar and sorbic acid, each separately, led to the disappearance of the sbnE
gene, while it did not affect the sfnaB gene. As the disappearance of the gene is
evidence that the inhibition occurred at the molecular level.
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