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ABSTRACT 

A new strain Mesobacillus foraminis (M. foraminis) 

locally isolated from hot spring water at Hammam Al-Aleel 

in the south of Mosul city/ Iraq was identified using 

phylogenetic analysis. Its ability to synthesize gold 

nanoparticles has been studied for the first time as a            

micro-factory for GNPs by observing the colour change. To 

prove the formation of GNPs, X-diffraction (XRD) analysis 

was done and the best formation of crystalline GNPs was 

observed at the (III) crystal plane. Atomic Force Microscope 

(AFM) technique was used to determine the shape, size, and 

surface smoothness of nanoparticles, while Transmission and 

Scanning Electron Microscope (TEM and SEM, 

respectively) were applied to characterize the size and 

morphology. Moreover, fluorescent microscope was used for 

the first time as a novel method in determining the 

characteristic morphology of GNPs polymers by using 

acridine orange which used for GNPs staining and examined 

under a fluorescent microscope. The fluorescent images 

show amazing GNPs polymers with shiny spots with more 

details of dendroid structures in the polymers. Since there 

was no previous study on using a fluorescent microscope and 

acridine orange stain in the field of nanotechnology, this 

study is considered the first effort to characterize 

biosynthesized GNPs using this technique. 
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INTRODUCTION 

Nanoparticles play a major role in a number of fields, such as biotechnology (e.g. food 

industry) and medicine. Gold nanoparticles (GNP) are widely used in ecological applications of 

bioremediations for the removal of toxic chemicals from soil and atmosphere as well as for dye 

degradation (Menon et al., 2017). Moreover, GNPs used in therapeutic applications especially in 

cancer chemotherapy by controlling the release of chemotherapeutic agents. Also, it can improve 

local radiotherapy targeting the GNPs to the tumour (Amjad, 2021). Chemical and physical 

techniques, such as aerosol technology, ultraviolet irradiation, lithography, and ultrasonication, 

have been used as successful methods for nanoparticles synthesis in large quantities in a short time 

(Narayanan and Sakthivel, 2010; Patra and Baek, 2015). However, when researchers studied these 

methods, they found many disadvantages such as the use of toxic, hazardous and expensive 

chemicals, furthermore, they require high temperature which results in environmental pollution 

(Sunkar et al., 2014). ‘Green Chemistry’ offers an easier, cleaner, and more eco-friendly approach 

to obtain nanomaterials using a biological system while also protecting the environment (Sunkar 

and Nachiyar, 2012). 

Microorganisms are examples of possible eco-friendly nano factories which can exert control 

over the size, composition, morphology, and crystallographic orientation of prepared nanostructured 

particles (Du et al., 2007). 

Diverse range morphologies of biosynthesised noble metal nanoparticles (e.g. gold) have been 

observed, including rods, triangles, spheres, hexagons, flat sheets, icosahedrons, decahedrons, 

nodous, prisms, dog bones shells, tetrapod, cubes, and several hollow structures (Boisselier and 

Astruc, 2009; Jazayeri et al., 2016; Aljobori and Al-Rawi, 2024). 

Bacillus foraminis, is phylogenetically related to species that belongs to the genus Bacillus. 

This bacterium is gram-positive and aerobic with rod-shaped cells. It lives an optimum pH ranging 

from 7.0 to 8.5 and an optimum growth temperature of 40oC. The strain sp. nov., which was 

designated CV53 T, was isolated from non-saline, alkaline groundwater (Tiago et al., 2006; 

Abdullah, 2024). 

Many researches focused on GNPs synthesis by microorganisms, and some of these studies 

aimed to isolate active ingredients to explain the mechanisms of GNPs microbial synthesis. (Li et 

al., 2016) found that the cyclic peptide in the cell-free extract was responsible for GNPs 

biosynthesis by Bacillus niabensis 45 through a possible electron transfer process. 

The main purpose of the current study is to fabricate GNPs using a novel bacterial species 

isolated from hot spring water as a safe, easy, cost-effective, and eco-friendly method. Moreover, 

this study aims at the characterization of GNPs morphology using the new method in this regard by 

using acridine orange stain and fluorescent microscope and comparing the results with SEM 

images. 

 

MATERIALS AND METHODS 

Detection of GNPs synthesis   

One ml of water sample was taken from a hot spring and cultured in 9 ml of Nutrient Broth 

(NB) containing 1 mM of HAuCl4.3H2O (Sigma Aldrich USA) and incubated for 24 hours at 55 oC 

then the changing of colour was observed (Honary et al., 2012). 

Isolation of bacterium 

After the change in colour in the previous step, 0.1 ml of the same broth was cultured on 

mineral medium prepared by adding 4.0 gm NaNO3, 3.4 gm KH2PO4, 10.5 gm Na2 HPO4, 0.2 mg 

MgSO4. 7H2O, 0.2g yeast extract, and 2.0 g. Agar to 1000 ml of distilled water (Sun et al., 2015). 

Identification by phylogenetic analysis  

Pure bacterial colonies were collected by centrifugation and chromosomal DNA was isolated 

by using an i-genomic BYF DNA mini kit. 16S rRNA gene fragment was amplified using forward 

and reverse primers for molecular characterization. The amplification of the gene was done by 

using Maxime PCR PreMix (i-taq) 20 M/xrn. 
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The primers which amplified the gene had a following sequence 

 

F 5  ́AGA  GTT  TGA  TCC TGG  CTC  AG 3‘` 

R 5 ́ GGT  TAC  CTT  GTT  ACG  ACT  T  3` 
 

The amplified DNA fragment was separated and eluted from 1.5% agarose gel and purified. 

The pure PCR product was then sequenced using the same primers that are used in the 

biotechnology lab in nicem and using DNA sequencer 373 XL from applied bio system in Korea. 

The similarity of the sequence was researched using BLAST and the phylogenetic analysis of 

the isolated bacteria was done by neighbour-joining (NJ) method (Hall, 2011). The isolated novel 

strain was phylogenetically characterized and named strain ShAm 98. Iraq. 

Screening of microbial biosynthesis of GNPs and its characterisation 

The novel strain ShAm 98 was cultured in an NB medium containing 1 mM of HAuCl4. 3H2O 

and incubated at 55 ℃ for 24 hrs. The change in color was observed. 

Characterisation of GNPs 

The initial step after the change in color was to confirm the GNPs synthesis using the XRD 

technique. The culture containing bacterial biomass and GNPs was centrifuged at 600 rpm for 10 

min. A thick smear of the supernatant on a glass slide was done, dried at room temperature, and 

then analyzed using XRD- 600 Shimadzu diffractometer. The diffracted intensities were obtained 

for 30° to 80° at 2θ. 

Additionally, the size, shapes, and distribution of GNPs were detected using different 

microscopic analyses SEM, TEM, and AFM. Furthermore, a fluorescent microscope was used as a 

new method in this field to characterize microscale GNPs, especially the crystalline and polymeric 

nanoparticles. The smear was prepared from cultured bacteria with HAuCl4.3H2O. After 24 hours of 

incubation, it was dried at room temperature, stained with acridine orange stain as described in 

MacCarthy and Senne (1980), allowed to dry, and then examined by fluorescent microscope               

(Optika-Italy). 

 

RESULTS AND DISCUSSION 

Adding the sample of hot spring water to NB containing HAuCl4.3H2O, the colour changed 

from yellow to red in the first few seconds and then turned immediately to clear and colourless with 

black deposits. 

This phenomenon may be due to the combined effect of many different microorganisms 

which have redox activity of archaea and bacteria that have the ability to actively catalyse the 

precipitation of toxic Au(III) complexes. For example, sulphate-reducing bacteria (SRB) may 

contribute to the formation of gold-bearing sulphide, while sulphur-oxidising bacteria (SOB) can 

have the ability to release the associated gold by breaking down the gold hosting sulphide minerals 

which is the main step of primary mineralization (Reith et al., 2007). 

When GNPs absorb and scatter the light, it results in different colours ranging from red and 

blue to purple and black, and finally to clear and colourless, depending on particles’ size, shape, 

local refractive index, and aggregation stage (Anderson et al., 1999). 

The result of bacterial isolation on mineral medium showed growth of small colourless 

colonies after 30 days of incubation at room temperature. Phylogenetic analysis of the partial 16S 

rRNA (gene sequence, genbank accession number MT 889920) was obtained from the sequence 

data algination and analysis for identifying of bacteria and their closest neighbours. The results 

showed that the isolated ShAm 98 belongs to Mesobacillus foraminis with closest similarity of 99% 

to the Bacillus foraminis India strain JN 187363 as illustrated in Fig. (1). 
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Test Control 

 

 
           Fig. 1: Mesobacillus foraminis ShAm98 and its closest neighbor strain 1 JN187363. 

 

The gene sequence of Mesobacillus foraminis ShAm98 Iraq is as bellow: 

gatggagctt gctcccaaag attagcggcg gacgggtgag taacacgtgg gcaacctgcc 

tgtaagactg ggataactcc gggaaaccgg ggctaatacc ggataattca tttcctctca 

tgaggaaatg ctgaaagacg gcttctcgct gtcacttaca gatgggcccg cggcgcatta 

gctagttggt gaggtaacgg ctcaccaagg ccacgatgcg tagccgacct gagagggtga 

tcggccacac tgggactgag acacggccca gactcctacg ggaggcagca gtagggaatc 

ttccgcaatg gacgaaagtc tgacggagca acgccgcgtg agcgatgaag gccttcgggt 

cgtaaagctc tgttgttagg gaagaacaag tatcggagta actgccggta ccttgacggt 

acctaaccag aaagccacgg ctaactacgt gccagcagcc gcggtaatac gtaggtggca 

agcgttgtcc ggaattattg ggcgtaaagc gcgcgcaggt ggttccttaa gtctgatgtg 

aaagcccacg gctcaaccgt ggagggtcat tggaaactgg ggaacttgag tgcagaagag 

gaaagtggaa ttccacgtgt agcggtgaaa tgcgtagaga tgtggaggaa caccagtggc 

gaaggcgact ttctggtctg taactgacac tgaggcgcga aagcgtgggg agcgaacagg 

attagatacc ctggtagtcc acgccgtaaa cgatgagtgc taagtgttag agggtttccg 

ccctttagtg ctgcagcaaa cgcattaagc actccgcctg gggagt 

 

Tiago et al. (2006) isolated Bacillus foraminis sp. nov, which is genetically related to 

species of the genus Bacillus, from alkaline non-saline groundwater and they described this species’ 

members as rod-shaped cells, Gr+ve, aerobic, and heterotrophic bacteria. Furthermore, they found 

that this species could not form spores under varied conditions. 

The colour changed from yellow to wine red after adding 0.0393g of HAucl4.3H2O to 100 

ml of N.B to obtain (1mM as mentioned in 2-1) cultured with ShAm 98 bacterial strain which 

initially indicated the synthesis of AuNPs as shown in Fig. (2). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2: Change in colour from yellow to wine red. 
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According to Zhang et al. (2016), the change in colour is observed when there is an increase 

in the size of the particles. In the case of GNPs, the change is from deep red to a range of colours 

which is due to the localised surface plasmon resonance (LSPR) that they exhibit.  

Gold and silver nanoparticles can be extracellular, synthesized by thermophilic bacteria, 

which is considered to be an excellent tool for this purpose (Gomathy and Sabarinahtan, 2010). 

Because of their inexpensive medium, their ease of handling and safety, and their potential to 

adsorb and reduce metal ions into nanoparticles using enzymes produced by metabolic processes, 

the microorganisms have been used for the synthesis of nanoparticles (Kumar et al., 2014; Luo et 

al., 2014). 

Many members of the family bacilliaceae were used for GNPs synthesis (e.g Bacillus subtilis, 

B. cereus, B. niabensis 45, and Geobacillus spp.) (Daniela et al., 2013; Sunkar et al., 2014; Li et al., 

2016). However, in our research, we could not find any study about Mesobacillus foraminis  where 

they were used for GNPs synthesis therefore, there is no more reference to explain the exact 

mechanisms of GNPs synthesis by this novel strain which opens a great field to study this 

bacterium in more detail. 

According to Hulkoti and Taranath (2014), the presence of amino acid and organic phosphate 

compound in the metabolic process, contributes to GNPs biosynthesis. Montero et al. (2018) found 

that no viable bacterial cells were detected after 96 hours of incubating the bacteria with 

HAuCl4.3H2O. This study proposed that the bacterial cell compound will lyse and release different 

charged organic compounds into the surrounding media which will actively contribute to the GNPs 

formation and self-assembly polymers development. 

To prove presence of the AuNPs crystalline nature and to determine phase and mean size of 

the bioproduced GNPs in the supernatant of the ShAm 98 bacterial culture, XRD analysis was done, 

and two peaks of AuNPs were observed, representing the index as (111) and (200) respectively as 

shown in Fig. (3). 

 

 
Fig. 3: XRD of biologically synthesized gold nanoparticles. 

 

Parab et al. (2011) found that the best formation of crystalline GNPs was seen at (111) crystal 

plane in XRD pattern which explains the similarity to these to metallic gold, while the presence of 

the other peaks was due to the impurities present in the bacterial culture supernatant as they were 

directly examined after AuNPs production (Pourali et al., 2017). 

The size of GNPs ranged from 30 to 130 nm according to the results of AFM analysis, while 

the average of GNPs diameters was 66.61 which was distributed in 30.0 nm (10%) and 105 nm 

(90%), and the roughness average was 3.31 nm as illustrated in Fig. (4). 

  111 

200 
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Fig. 4: Atomic force microscopy analysis of GNPs. 

 

Characterizing of GNPs by using AFM has several advantages in comparison to TEM. The 

former technique offers visualization in 3 dimensions, so that it is possible to measure not only the 

height, length, and width, but also the morphology and surface texture. 

The results of TEM and SEM show the polymerised and crystalline nature of GNPs as 

illustrated in Fig. (5a, 5b) respectively. 

 

 

 
 

 

 

 

 

 

 

 

 

Many researchers and most studies used TEM and/ or SEM analysis to demonstrate different 

shapes of AuNPs ranging from spherical, triangle, and cubic to snow-flak like self-assembly using 

different methods of physical, chemical, and biological synthesis of GNPs (Parab et al., 2011; 

Rajeshkumar, 2016). On comparing the results of the fluorescent microscope with SEM, it was 

found that there are no differences in their results when showing the morphology of GNPs. 

Moreover, the fluorescent images show amazing GNPs polymers with shiny spots with more details 

of dendroid structures in the polymers as is shown in Fig. (6). 

 

 

 

 

 

 

 

 

 

 

 

 

      Fig. 6: GNPs polymers with shiny spots. 

Fig. 5: (a) TEM image bacterial cells with 

crystalline GNPs. 

 

(b) SEM image polymers of GNPs with a 

shiny crystalline appearance. 
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Since there was no previous study using a fluorescent microscope and acridine orange stain in 

the field of nanotechnology, this study is considered the first effort to characterize biosynthesized 

GNPs using this technique. 

 

CONCLUSIONS 

The new strain "Mesobacillus foraminis ShAm 98", which was isolated from hot spring water, 

was used for the first time as a micro-factory for GNPs, produced by a simple, cost-effective, and 

eco-friendly method that can have a variety of applications in many fields. Additionally, acridine 

orange was used for GNPs staining and examined under a fluorescent microscope as a new method 

of determining the characteristic morphology of GNPs. 
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 Mesobacillus تقنية تشخيص جديدة لجسيمات الذهب النانوية والمصنعة حيويا بواسطة بكتريا 

foraminis ShAm 98 Iraq العراق لحمام العليل في الموصل/ المعزولة من مياه الينابيع الحارة 
 

 اميرة محمود الراوي                                               شفق طارق برهان
 قسم علوم الحياة/ كلية العلوم/ جامعة الموصل 

 
 الملخص 

حمممام ل رةمممي ميمماي اليعمماحي  الحمما Mesobacillus foraminis (M. foraminis) محليممة جدةممدة مممي      مما ةتممم عمملال  مم ل
ولمم  أخطمموة كلممو ا ال ريمم  اللممو   ( phylogenetic analysis)وشخصممج جلاايمما  ا مم خدام  العليممل جعمموي مدةعممة الموصممل/ العمم ا 

 ةالاشعة السيعي  يود   خدم تحليل أ، الععقودية  العا و جسيماتولأثبات وجود ( GNP)ا  اج جسيمات الذهب العا و ة   لقاحلي ها عل 
(XRD )  ةالقمموة الذر مم  وقممد ا مم خدمج تقعيممة م همم  (111) وقممد لممو ا اض اتكممل تنممو ي ععاقيممد الممذهب العا و ممة كمماض ععممد المسمم و 

 (SEM+TEM) لعاتممممذ ألما مممم  و ألإلن  و مممم  ألم همممم  أ مممم خدم ألعا و ممممة حيعممممما أل حليممممل الومممم ل والح ممممم و عومممممة  ممممط  ال سمممميمات 
وتحصممها  GNPsل وممخيش شمم ل و  ممم جسمميمات الممذهب العا و ممة  الإ مماتة لممذلة تممم ا مم خدام صممبرة الا   ممدةي ال  تقاليممة لصممب  

وقد أظه ت الع ممااص صممورا مذهلممة  .الذهب العا و ة  وليم اتل م  ن ة وجدةدة ل حدةد الصفات الو لية  قعيةتحج الم ه  الفلور سيع  ك
ل مموليم ات الممذهب العا و ممة ممم   قمم  موممعة وتفاصمميل ل  ا يممب شمم ي  ة م ف عممة لل مموليم  و امم ا لعممدم وجممود درا ممات  مما قة لا مم خدام 
صبرة الا   دةي ال  تقالية والم ه  الفلور سيع  ت  م ال تقعيات العا و تاض هذي الدرا ة تعممد ألاولمم  تمم  توممخيش جسمميمات الممذهب 

 العا و ة المصععة  يو ا  ا  خدام هذي ال قعية. 

 
 ، صبرة الا   دةي ال  تقالية.AFMالم ه  الالن  و  ،  ،Mesobacillus foraminis ،Gold NP الكلمات الدالة:

 

 

 

 
 

 

 


