Blad) Ay sgan
alal) Gally ) adexl 5
asial) AS | Juasal) dnaly

Slall agle acd

Microcoleus L y<gibuad) (e paliiual) | olaadl) il
LS e Jalsl agiual Julal Laddal sp.HI-ES

Algll) il sy (S padd) Bagay dsayal

o) )51 dag yhal
dpgaall cbal) alef Blal) agle
b dl
a6 Losal) 2ELY 3Gy
Jaa Laa daa Jald a2 ) gisal) o) 42 ajls alld sl 5y giSal

22024 21445



sduadAl

e g8 Sl laally 35l 25yl lass L) (n By e (150) Crnen
Sl (e 5l (idiantl) Ealyaly G pall omail) el 350 ¢ alel gy ean
(2022) JsY) ooy sed Alals (2022)

0,5 glsal (e AL (136) Ui dcapaall LSl ¥l Jiad dalal) il oy gl
(33) aWw M vz 16S rRNA Gy e alaieYh Liviag Lijelae coads

(17)¢ Enterococcus faecalis(28) <Pseudomonas aeruginosa(30) «Escherichia coli
Proteus (8)¢ Staphylococcus epidermidis(11)¢Staphylococcus haemolyticus

b N eyl st & gl yels ¢ Serratia marcescens(3)« Serratia spp. (6)spp.
Enterococcus faecalis «Escherichia coli gl ials %(68) duuiy JhaY) clie
3 %(63) drwing wlaldlly @9 yally zoyall e i Serratia spp. «Proteus spp. «
Staphylococcus  «Staphylococcus — haemolyticus — dslil) 15,50 sV il
Yo(5)dse A Ja sl clue clacly «Pseudomonas aeruginosa cepidermidis

o35 duasall as dihaie 8400 olaall e Microcoleus sp HI-ESUSigibual Jye a3

Oneli Aln) ae bl acadl) Bl BGTT dawg alasials LiSigiluadl gl 42y (o Lehils

Ao Tabaie) L a5 L edae coadliy aigll ISV e Liage 59,8V dilialig alygesdlls By
e alall 16S rRNA &) sall

D&Y g e Laatily Microcoleus sp HI-ES ae ddulaiall LyaSill g 340
Pseudoxanthomonas sp. HI- « Brevibacillus sp. HI-ES (el ) cuaiby il
alall 16S IRNA ¢ijse e alaie YL Livag Lyglas ES

3w 1:1 Zaniig BG 1y ) Giliaal) Ll (g3l Tl (3a 005Sa (U] dansy
SN mast a9 Microcoleus sp.HI-ES ae bl diad) LyaCll Sl (asiial
500 5 defehes Sole 1000 S5 Cpanlogifiadly axing pall cpaliadll dilia) g JSI Ll
LA e dafale s Sile
Lisis pasdaly Microcoleus sp HI-ES gsill (re (aliiwdll uuSall) lad el

g o Uagales Ta s 1,800 2281 A8l Lal Sl s 1S5 Aaball Asbastedl malys il
Leabs «Staphylococcus — haemolyticusg s sail ddant G Jelig iajadd) YL




(GEE | )

Escherichia coli « Pseudomonas aeruginosa «Proteus spp-«< Serratia spp-

Al Je Enterococcus faecalis s

sl (gle 4,671,230 Microcoleus sp. HI-ES LjiSigibudl JulSI) o il Joda il
N50 4k (contig) 4aiiglSs dakd 6417 (e gis 47.7% dawss GO (seinarg daiiplSs
Cilal) dling NCBI allall ciliall ey 3 JalSll (550 pginll Joes glad 251092 &l
syl 8, was DDBJ Sblll clwall dlu,  ENA  database )Y
JAPTMT000000000.1

sacld 2712 Jghg DNA gyrase subunit A &ygall Jdebd JdalS iy gl o

(aielKs sacld 2908 Jshug 23S TRNA &iysey « Microcoleus sp.HI-ESU doaiigl<s

Al g NCBI allal) cligall el 8 $aiS5 52e 8 1500 Jshass 16S rRNA jsa
.Sl Je OP172860.1 5 OP179626.1 <«OP183180.1pwasy!

S5 al Microcoleus sp. HI-ES LiSighuadl (6551 sagiad) Julaill il <yl
Cagyme Gad aidag oo sl dihie 1623 5 ale US& (CDS) sadnll 4l ddlaia 6264 e
LAals gl

TYGS iy aladialy @anslSll gginddl JolS o alacYl 4dhll sadll daas gl
: s Microcoleus sp. HI-ES I L <Y s ¢
Microcoleus  asticus IPMAS8  (accession no. SRRZ00000000.1),

Microcoleus vaginatus PCC 9802 (accession no. NZ CP031740.1), Microcoleus
vaginatus FGP-2 (accession no. AFJC00000000.1) and Oscillatoria nigroviridis

54.5% 559.8% 559.8% 561.7% aisg PCC 7112 (accession no. CP003614.1)
sl ey
o=lall anaC-gen <iysall (ssias Microcoleus sp. HI-ES asua o PCR gt calacl
e B Js¥s Jguanll g QuSHll g adly (366 bp) Jshas | cpuSalll (gpall il
acbal) dolegladl maly DA e gud pmeda (820)dubs o Jundl (ggied)
528 509 Jskis (anaA) Anatoxin-a (ps Julad Jady gla) & «Bioinformatic
il ekl LS «0Q269664.1 slacail) ady canig NCBI allall cilial) eliy b cdaadi sl
Microcoleus sp. HI- & asasall anatoxin-a <u)sal da05,0S8) acleall Jedudl 480560 5ail)

sl 8 3sasall anatoxin-a Cujee Lanelll scleill Jubs ) ol cuall 1 of <ES
«Planktothrix agardhii stain PCC 7805 «Oscillatoria nigroviridis PCC 7112




C 1 )

Nostoc sp. s Aphanizomenon flosaquae KM1D3 «<Anabaena cylindrica PCC 7122
(Sl Je s TCL240-02

salall 4awall type 1 Polyketide synthase slue 3 i) palaal) of mill) oy
alea) & %98 ddle @Uas duws W Microcoleus sp. HI-ES 4Dl anatoxin-a dlla4l
.Oscillatoria nigroviridis PCC 7112 iDL EIRIAY

Microcoleus sp. e paliisal) =o€l s 53k e (geall (il gl cyekil
STl A61S die g Alelaall (e all drses 2an &gl sk il Al Lol &gl 53 e HI-ES
el Gl o daeke NS il e Jafali g Sl (0.22¢0.45¢0.90) 3yaall 45D
5SAl el 3 ¢ Galleria mellonella SV aadd) 2850 in vivo JPEN|JEVES P RT3
J A efy el sl e de L da 485 %(20) U8 desy Jofabés Sile 0.22 V)
223 %(70) 8 dnss Jafabe g S0k 0.45 550 el cpa (8 (opiall ore delu 24 220 %80
dws 0.9 gladll eV 5€al ell Law cginll (e dela 24 20 %(100) 5 ginll (0 dela
corall e dele 20 %100 S8

S el el Al Galleria mellonella dausy dica ) ahladl =l & s yelal
Ay A Alavis A ks Jefabe g Sl (0.22) ) Sl die aal) (e Aol aa
DAS G @y alalial) 8 o/l s )Sla (0.9) o) S5l selil a8 (Sl aaddl
cAadsaal) dyledall AN 5008l soaallg

/e )Sile (0.90 ,0.22) 585 A< wie T Sl (goanll Gladll s il el

gl ol (8 Al jpenil Jaagd G daialy Aumaast i Gaall (e dela (24) 2u

2 (ND Necrotic debris) ya3 albA 3985 2w (Fat Body) sl aually 425056l doailly
ccinsatl) e o g duadSlly dledall WAL (g)ail) 3 gaal

Galleria mellonella 38, il agll apoptosis eyl cisall (e (gaill il <yl
arhaat paatll e delu 24 220 Microcoleus sp. HI-ES LpSigileddl plady 45gaadll
asiall adass Jof sl g ik (0.9) 5uS 5 dlabaall il culac] 3) iyl DNA I ocadng Cilig
a5l 5208 250 )l aaag B adad ) 48,
Shan oo Hlae 4l 1 sl Gled Jondl 4281 daslal) Lal S gilag S 4 el ulae
Lexie 0.3 gl Jaee @ld sasls dadig « 8340 Hha dapy & gy 22 0.33 Qs Jaea

cOfiels Bad e °(4) Bha dayd (b Caeag




(G A )

Summary

In this study, (150) clinical samples were collected, including samples
taken from urine, swabs from wounds, burns, abscesses, and sputum samples
from various hospitals in Nineveh Governorate, including Al-Salam Teaching
Hospital, Ibn Sina Teaching Hospital, Al-Khansa Teaching Hospital, Al-
Jumhuri Teaching Hospital, and the Mosul Specialized Center for Burns and
Plastic Surgery for the period of April (2022) until October (2022).

The results of the isolation of pathogenic bacteria showed that (136) isolates of
different bacterial species were isolated, including (33) Escherichia coli, (30)
Pseudomonas aeruginosa, (28) Enterococcus faecalis, (17) Staphylococcus
haemolyticus, (11) Staphylococcus epidermidis, (8) Proteus sp., (6) Serratia sp.
(3) Serratia marcescens. There was a difference in isolation rates depending on
the type of samples, as urine samples occupied first place with a rate of (68)%,
especially for isolates of the bacteria Escherichia coli, Enterococcus faecalis,
and Proteus sp. Serratia sp. Followed by samples taken from swabs from
wounds, burns, and abscesses, with a percentage of (63)%, while sputum
samples gave the lowest percentage (5%). It was noted that the samples taken
from skin swabs from wounds, burns, and abscesses were dominated by
bacterial species belonging to Staphylococcus haemolyticus, Staphylococcus
epidermidis, and Pseudomonas aeruginosa.

The sample of the cyanobacteria Microcoleus sp.HI-ES was purified from the
rest of the cyanobacteria species using liquid BC11 medium supplemented with
nutrients with the addition of vitamin B12 and lysozyme, and by adding agarose
instead of agar to prepare solid BC11 medium.

A selective medium was prepared consisting of liquid nutrient medium added to
BCI1 medium after molecular identification of environmental bacteria
commensal with Microcoleus sp.HI-ES, which included Brevibacillus sp. HI-
ES, Pseudoxanthomonas sp. HI-ES and the antibodies meropenem and
streptomycin were added at concentrations of 1000 pg/ml and 500 pg/ml,
respectively.

In the study on the extraction of anatoxin-A produced from Microcoleus sp.HI-
ES, anatoxin A showed a clear and noticeable effect on all pathogenic isolates
with the highest rate of growth inhibition for Staphylococcus haemolyticus,
followed by Serratia sp. , Proteus sp., Pseudomonas aeruginosa, Escherichia
coli and Enterococcus faecalis respectively.

The general primer of the 16S rRNA gene was used to diagnose pathological
types including Enterococcus faecalis, Staphylococcus haemolyticus,
Staphylococcus epidermidis, Escherichia coli, and Proteus sp. Pseudomonas




(G B )

aeruginosa. Primers specific for the 16STRNA gene were also used to identify
the cyanobacteria Microcoleus sp.HI-ES at a size of 700 base pairs.

The length of the complete genome of the cyanobacterium Microcoleus sp. HI-
ES 15 4,671,230 million nucleotide bases with a GC content of 47.7% distributed
in 6417 contigs with an N50 value of 1092. The complete bacterial genome
sequence has been deposited in NCBI, the European GenBank database ENA,
and the Japanese GenBank DDBJ wunder the accession number
JAPPTMTO000000000.1.

The entire sequence of the DNA gyrase subunit A (gyrA), 2,712 nucleotide
bases long, of Microcoleus sp.HI-ES, the 23S rRNA gene, 2,908 nucleotide
bases long, and the 16S rRNA gene, 1,500 nucleotide bases long, has been
deposited and recorded in the NCBI World GenBank under the accession
numbers OP183180.1., OP179626.1 and OP172860.1 respectively.

The results of bacterial genomic analysis of the cyanobacteria Microcoleus sp.
HI-ES contains 6264 coding regions (CDS) overall and 1623 actual functional
regions or genes of known function.

Genetic tree analysis based on the full nucleotide content using the TYGS
program showed that the species most closely related to Microcoleus sp. HI-ES
are:

Microcoleus asticus IPMAS8 (Access No Oscillatoria nigroviridis PCC 7112
(Accession No. CP003614.1 ). With values of 61.7%, 59.8%, 59.8%, and 54.5%,
respectively.

PCR results showed that the genome of Microcoleus sp. HI-ES contains the
anaC-gen gene for the biotoxin Anatoxin_ A, with a length of (bp 366) and it has
a protein structure. For the first time at the molecular level, a sequence of (826)
amino acids was obtained through Bioinformatics programs. The sequence of
the (anaA) gene was deposited and recorded. Anatoxin-a, with a length of 509
nucleotide bases, is in the NCBI World GenBank under the accession number
0Q269664.1. Genetic tree analysis of the nucleotide base sequence of the
anatoxin-a gene found in Microcoleus sp. HI-ES, that this gene is closest to the
nucleotide base sequence of the anatoxin-a gene found in the species
Oscillatoria nigroviridis PCC 7112, Planktothrix agardhii stain PCC 7805,
Anabaena cylindrica PCC 7122, Aphanizomenon flosaquae KM1D3 and Nostoc
sp. TCL240-02 and respectively.

The results showed that the amino acid in the type 1 Polyketide Synthase
pathway produced so far, anatoxin-a, by Microcoleus sp. HI-ES has a high
match rate of 98% with the amino test of the isolate Oscillatoria nigroviridis
PCC 7112.
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The results of bioinvestigation showed the effect of anatoxin-A extracted from
Microcoleus sp. HI-ES on Lanna seeds was found to be toxic to the germination
of Lanna seeds after seven days of treatment and at all three tested
concentrations (0.9), 0.45 and 0.22 ug/ml, respectively, as well as toxic to the
larvae of the larval wax in vivo. vivo for the greater wax larvae, Galleria
mellonella, as the lowest concentration of 0.22 pg/ml gave a larvae kill rate of
(20) an hour after injection with the poison, and the highest kill rate of 80% after
24 hours of injection, while the concentration of 0.45 pg/ml gave a kill rate of
(70). )% after one hour of injection and (100)% after 24 hours of injection, while
the highest concentration of the toxin 0.9 showed a 100% killing rate after one
hour and 24 hours of injection, respectively.

The results of cross-sections of Galleria mellonella tissues treated with anatoxin
an hour after injection with the poison at the lowest concentration (0.22)
micrograms/ml showed minor histological changes in the tissues of the greater
wax larvae, while the highest concentration (0.9) micrograms/ml sections
showed histological changes such as necrosis and severe cell vacuolation.
Columnar epithelium.

The results of the injection of the biotoxin Anatoxin A at both concentrations
(0.90 and 0.22) micrograms/ml after (24) hours of injection showed clear tissue
changes, as destruction and necrosis were observed in the midgut, trachea, and
fat body, with the presence of necrotic debris. ND) in the spines of epithelial and
goblet cells and infiltrates or infiltrates into the lumen.

The results of the investigation into apoptosis of the Galleria monella larvae
injected with the toxin of the cyanobacterium Microcoleus sp. HI-ES, after 24
hours of incubation, destroyed, damaged, and fragmented the DNA of the
larvae. The results of the treatment at a concentration of (0.9) micrograms/ml
showed that the genome of the larvae was destroyed into small pieces with a size
of approximately 250 nucleotide bases.

The results of the thin layer chromatography technique for separating
anatoxin_A revealed that it is a protein with a flow rate of 0.33 when placed at
laboratory temperature, and one spot with a flow rate of 0.3 when placed at (4)
°C for two hours.
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