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• Microbes	are	so	small	that	they	cant	be	seen	by	the	naked	eye.	
•  They	are	measured	by	microns	



 
Human nail grows one nano every second. 
In one week the total growth of a nail may not 
exceed 1 mm 
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البكتيريا تمتلك أنابيب نانوية جوفاء تستخدمها للالتصاق وتبادل الجينات 



 نانويالبكتيريا تمتلك نظام حقن 





 

•  Nanomaterials have size dependent 

functions and properties which 

occur due to  
• Exceptional surface activity 
• Electrical properties 
• Magnetic properties 
• Optical properties 
• Shapes  

The	quantum	effects	

Another advantage associated with them is out potential ability of engineering their sizes, 

shapes, chemical compositions, surface chemical characteristics. 



In short 

Surface	area	

Hardness	

Electrical conductivity	

Transparency	

Color	



 

Top-down approach. 
 
 
 
 
 
 
 
 
 
Bottom-up approach. 



• TEM and SEM 

• Scanning-tunneling microscope 

• Atomic force microscopy 

• X-ray diffraction 

• Optical spectroscopy (UV-Vis / Raman spectroscopy) 

Characterization of 
Nanomaterials: 



Consumer Goods 

Energy Information Technology 

Medicine 

Over 800 Nanoproducts are commercially available 	
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Nanotechnology-based  
antimicrobials 



Significance of nanomaterials as 
antimicrobials 

• Emergence of multi-drug resistant bacterial strains is 
threatening the world. Pre or Post antibiotic era.  

• Biofilm associated infections 
• Metals, such as zinc, silver and copper, are known for their 

antimicrobial activities in their bulk form 
•  Iron oxide, are not antibacterial in their bulk form but may exhibit 

antibacterial properties in nanoparticulate form. 
• Nanomaterials could serve as an alternative to antibiotics to 

control bacterial infections  
•   Can act as carriers for antibiotics.  



Mode of Action of antibacterial 
Nanomolecules 



Carbon-based 
nanomaterials 

v Graphene materials. 
• Graphene-based NPs have antimicrobial properties that depend on 

their size and shape 
• Mostly applied as contact-killing coatings on surfaces. 
• Graphene oxide quantum dots (GQDs) possess peroxidase-like 

activity. In the presence of a low level of H2O2, produce hydroxyl 
radicals, inducing lysis of Gram-negative E. coli and Gram positive 
S. aureus, preventing the formation of biofilms 

• Graphene materials have been suggested for application in infected 
wound healing and oral biofilm control. 

v Carbon quantum dots (C-dots) 
• Have extremely small size, usually less than 10 nm 
•  Carry	a	high	positive	charge	with	antimicrobial	effects	against	planktonic	Gram-
positive	(S.	aureus,	Bacillus	subtilis)	and	Gram-negative	(E.	coli,	P.	aeruginosa)	
pathogens.	



Polymer-based 
nanoparticles v Natural polymeric nanoparticles 

• Natural polymers, such as chitosan  
• Chitosan is a aminopolysaccharide. 
• Most amino groups on free glucosamine 

will become protonated and hence 
positively charged . 

•  Positively charged chitosan chains can 
interact with negatively charged bacterial 
cell surfaces, causing membrane 
damage, leakage of intracellular 
components, inhibition of protein 
synthesis and mRNA transcription by 
binding to DNA. 

•  The antimicrobial efficacy of chitosan is                                                                            
generally stronger against Gram-positive                                                                         
bacteria than against Gram-negative 
ones. 



Dendrimers  

• Dendrimers are repetitively branched molecules  
• High degree of molecular uniformity, specific size and shape 

characteristics, and a highly- functionalized terminal surface.  
• The manufacturing process is a series of repetitive steps 

starting with a central initiator core.  
• Each subsequent growth step represents a new "generation" of 

polymer with a larger molecular diameter, twice the number of 
reactive surface sites, and approximately double the molecular 
weight of the preceding generation. 

• Poly(amido amine) (PAMAM) dendrimers represent an exciting 
new class of macromolecular architecture called "dense star" 
polymers. 



 The physical characteristics of 
dendrimers  
• Monodispersity 
• Water solubility  
• Encapsulation ability and  
• Large number of functionalizable peripheral groups 
Make them candidates for evaluation as drug 
delivery vehicles 

https://www.youtube.com/watch?v=2oLNA7K-RBk
Video	lecture	about	dendrimers	



Strategies in using dendrimers in drug delivery  

• Drug	 is	 covalently	 attached	 to	 the	
periphery	 of	 the	 dendrimer	 to	 form	
dendrimer	prodrugs,		

• Drug	is	coordinated	to	the	outer	functional	
groups	via	ionic	interactions		

• Dendrimer	 acts	 as	 a	 uni-molecular	micelle	
by	encapsulating	a	pharmaceutical	through	
the	 formation	 of	 a	 dendrimer-drug	
assembly.	



Nanoemulsion 
• Composed	of	oil	and	water	and	are	stabilized	by	surfactants	and	alcohol		
• Active	ingredient	and	the	high	energy	are	essential	for	the	antimicrobial	
mechanism	of	action		

• Reduction	of	size	results	in	more	energy	units	per	volume	,	achieved	by	
a	high-pressure	microfluidizer.	



• Michigan	nanotechnology	institute	for	medicine	and	biological	
sciences		

• developed	nanoemulsion	broad	spectrum	activity	against	bacteria	
(e.g.,	E.	coli,	Salmonella,	S.	aureus),	enveloped	viruses	(e.g.,	HIV,	
Herpes	simplex),	fungi	(e.g.,	Candida,	Dermatophytes),	and	spores	
(e.g.,	anthrax)	





NANOPARTICLES AS CARRIERS: GOLD 



Wound and burn dressings 



Immune System Modulation�



Nanofibers 

•	Nanofibers	are	defined	as	fibers	with	diameters	on	the	order	of	100	
nanometers.		
•	Researchers	around	the	world	are	searching	for	ways	to	produce	
polymer	nanofibers.		
•	There	are	several	research	groups	worldwide	investigating	polymer	
nanofibers	produced	by	electrospinning	method.		



Nanofibers 
potential 

applications 
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Optical	Applications	•  Liquid	crystal	optical	shutters	Material	reinforcement	

•  Higher	fracture	toughness	

•  Higher	delamination	resistance	
Electrical	conductors	

•  Ultra	small	devices	

Haemostatic	devic
es	

•  Higher	efficie
ncy	in	fluid	a

bsorption	

Medical	prostheses	
•  Lower	stress	concentration	
•  Higher	fracture	strength	

Wound	dressing	Prevent	scaring	Bacterial	shielding	

Cosmetics	
•  Higher	utilization	
•  Higher	transfer	rates	

Protective
	clothing	

•  Breathable
	fabrics	tha

t	blocks	ch
emicals	

Sensor	devices	•  Higher	sensitivity	•  For	cells,	arteries	and	veins	

Filter	media	
•  Higher	filter	efficiency		



Green Nanotechnology�



Research in Gaza strip 





ZnO	
Cotton	





Chapter Sections 

1.	Chapter	and	author	info1.Introduction	
2.	Antibacterial	agents	
3.	Deposition	methods	
4.Influence	of	surfactants	
5.	Proposed	antibacterial	activity	mechanism	
6.	Wash	durability	of	coated	cotton	materials	
7.Characterization	methods	
8.	Antimicrobial	activity	
9.	Conclusion	
	











              Take home messages 
Applications of nanotechnology in Microbiology are 
limitless 
It can be useful in Diagnostics, treatment, infection 
control, prophylaxis. 
In Palestine, studies of nanontechnology in 
Microbiology are limited to antimicrobial activity. 
Great work/applications can be done in all fields 
related to microbiology from swimming pools 
disinfection to animal treatment. 
Nanotechnology research require infrastructures 
and cooperation between interested parties. 



Thank you 


