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Introduction

History
Classification of nanostructured materials
(types and dimensions)

Introduction to quantum mechanics
Introduction to solid state physics
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e Synthesis of nanomaterjals

Chémical methods
o Coprecipitation
o Sol-gel
o Emulsion and reverse micelle
o] Hydrothermél
Physical and mechaiﬂcal methods
o Sputter deposition
o Chemical vapour deposition (CVD)
o lithography
o Ball milling
Biological methods
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Properties of nanomater
*  Optical properties
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* Electrical properties .
* Magnetic propertie S
* Physical properties {melting point, flash point) mblize olps
* Mechanical properties (bl adali g cagd alall) So5ud oty *
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¢ Special nanomaterials ohag olga gili @

* Carbon fullerenes and nanotubes
* Micro and mesoporous materials
*  Core-shell structures
* Nanocomposites
* Nanoclusters
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Characterization of nanpmaterials
+ Scanning electron rqicroscopy (SEM)
*  Atomic force microscopy (AFM)
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Ramsden, J. (2016). Nanotechnology: An introduction. Norwich: William Andrew,
Rogers, B., Adams, J.,|& Pennathur, S. (2015). Nanotechnology: Understanding small systems. Boca

Raton: CRC Press, Taylor & Francis Group.

Kulkarni, S. K. (2014). Nanotechnology: Principles and practices. Cham: Springer.
Murty, B. S., Shankar,|P., Raj, B., Rath, B, B., & Murday, J. (2013). Textbook of Nanoscience and
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® Introduction

s Structure of materials (bonds,

crystallographic str

science, tissue engi
e Tissue engineering|
Cell

scaffolds)
* Growth factors

ucture,...)

¢ Definitions (biomaterials, biomaterials

neering)
components

o Scaffolds, propertics and degradability of
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¢ Classification of biomate
°  Metallic biomateria

o Degradable

o Non- degrad

* Polymeric biomater

o Degradable

= Natuj

rials
S

able
als

ral

. Syntl
o Non- degrad

= Ceramic biomateria
o DBioneutral
o Bioactive
o Bioabsorbabl

. Natu}
» Synthetic

hetic
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s
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* Composite biomatetials
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® Biomaterials properties
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*  Mechanical properties

* Degradability

* Physical properties

* Surface propertigs
o Absorbed prptein on biomaterials
o Cell-biomaterial interaction
o Tissue-biomaterial interaction
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e Applications b5 @
* Biosensors
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An introduction to surface science

¢ Introduction

» Surface science (surface chemistry, surface
physics and surfaceTgngineering)

» History of surface cPemistry

» Surfaces and interfaces in nanoscience

+ Adsorption of mole
* Ultra-high vacuum

cules on surfaces
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« General surface sensitivity problems Yo b M5 0
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Surface tension and wetting mhw Fuigd s g gxbw S
» The origins of surface and interfacial tension
EWIE-SL P L YR
» Measurement of surface tension ’
+ Contact angle o A5 g ol
obed agly 0

Adsorption, sorption
thermodynamics

= Adsorption

» Chemisorption

* Physisorption

isotherms and surface

* Langmuir adsorption isotherm

* BET adsorption isotherm

*  Freundlich adsorptijm isotherm

* . Surface thermodyn

mics
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Colloids
Aerosol
Foam
Emulsion
Sols
Suspension
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¢ Surface modification techniques
Plasma polymerizétion
Self-assembled ménolayers (SAMs)
Surface modification of biomaterials
Physical vapor deposition (PVD) and
chemical vapor debosition (CVD)
Sol-gel method
Etching techniques
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Surface functionalization and bioconjugation
of nanostructures
* Gold nanostructures
* Quantum dots nanoparticles
* Magnetic nanoparticles
= Carbon nanostrtrctures
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» Surface analytical techniques
Photoelectron and (Auger electron
spectroscopy (XPS, AES)
Low-energy electrbn diffraction (LEED)
Secondary ion mass spectrometry (SIMS)
Raman spectroscopy and reflection
absorption infra-red spectroscopy (RAIRS)
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Williams, R. (2016). Surface modification of biomaterials (Methods, analysis and applications).
Woodhead Publishing Limited.

Birdi, K. 8. (2016). Handbook of surface and colloid chemistry. Boca Raton: CRC Press.Wen, C.
(2015). Surface coating and modification of metallic biomaterials. Oxford: Woodhead Publishing,
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Application and ber

1efits of cell cultures
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Design and work i
lab

nstructions in cell culture
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Equipment and facilities of cell culture

laboratory  includ

laminar hood

ing

incubator-centrifuge-microscopes)
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Safety and control} of the risk factors in the

cell culture laboratory
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Primary and continuous cell cultures
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Methods of improv

ng cultivation condition
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Cell culture me

dium (basic medium,

buffering system, sérum and antibiotics)
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Freezing of cell line
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Cell identity

erification  techniques

including chromosome-karyotyping-enzyme
activity-antigens incl!ices and PCR
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culture medium and culture room CadS 361 g cuts

e Cell culture of fiboblasts and pupils with Mg pred Johoo 30,5 j 83 g o8 @
culture medium and culture room

¢ Cell counting with neobar lam gt oY b Jsbo ALt @

» Introduction and [fundamentals of plant 2L ol Gy LIS g dodde @
biology

» The principles of lab designing and | cilcas o jho 0,50 Sliugas g olftalejl ()b Jool @
equipment for plant tissue culture

Tl
e Plant culture media components and Silw oobol 5 aLS CdS Lamo sl @
preparation
* Explant preparation, callus, regeneration and $399550 3 253k s sl Wigad 31, (il colal @
morphogenesis
+ Contamination and| control in plant culture b CiS ks o 0] [ g Sogl glyl @
media

» Different plant cultures (micropropagation, | cuis (uglS ctS qesbojlp,) alS s gyl o

callus culture, celll suspension culture and g . . :
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protoplast, ovule and ovary culture, embryo e PR3 o gl
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e Tissue culture and plant genetic engineering 2L KT wiige g Sl S @
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25.compounds praduction by plant cell Le
culture e Jol
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1- Anis, M., & Ahmad, N. (Eds.). (2016). Plant Tissue Culture: Propagation, Conservation and Crop
Improvement. Singapore: Springer.

2- Bhojwani, S. S., &|Dantu, P. K. (2013). Plant tissue culture: an introductory text. India: Springer.

3- Pallua, N., & Suschek, C. V. (Eds.). (2010). Tissue engineering: from lab to clinic. Springer Science
& Business Media.

4- Evans, D, E,, Coleman, J, Q., & Kearns, A, (2003), Plant cell culture. Garland Science.
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* History
« Classification of bic
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e Performance factors
o Selectivity
Reproducibility
Sensitivity range

Accuracy

working lifetime

Response and recovery time
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» Biological receptors
* Enzymes
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» Antibodies 'w'f_
+ Nucleic acids o soly A1
* Aptamers SatlS g loagl o
* Tissue materials lajelzs] @
* Microorganisms . s
+ Mitochondria ool b Al slacdl
* Molecular imprinted polymer olalil 55, ®
sl
Foge B slojacy
» Transducer las o
* Electrochemistry
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o Potentiometry e N 375 el
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* Electrical transduce $retly ©
e © Field effect transistors Sl gl
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*  Optical transducer.
o Colorimetry
Fluorescence measurement
Surface plasmon resonance (SPR)
Optical fiber biosensors
Reflectometric interference
spectrgscopy
o Luminescence devices
* Calorimetric biosensors
* Quartz crystal micrpbalances
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Applications

* Food/Water safety
* Clinical diagnostics
* Environmental monitoring
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Malhotra, B. D., & Pandey, C. M. (2017). Biosensors: Fundamentals and applications, Shawbury,

United Kingdom: Smithers Rapra Technology.

Narang, J., & Pundir, C| 8. (2017). Biosensors: An introductory textbook. Singapore: Pan Stanford

Publishing.

Prickril, B., Rasooly, A}, & Prickril. (2017). Biosensors and Biodetection. Springer Science+ Business

Media LLC.

Yoon, I. Y. (2016). Introduction to biosensors: from electric circuits to immunosensors. Springer.
Evtugyn, G. (2014). Biosensors: essentials. Heidelberg: Springer.
Rasooly, A., & Herold, K. E. (2009). Biosensors and biodetection. K. E. Herold (Ed.). Totowa, NJ:

Humana Press.

Cooper, J., & Cass, T. (Eds.). (2004). Biosensors (No. 268). Oxford University Press, USA.
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e Introduction

dsdie @

e Traditional drug delivery systems

e Controlled drug delivery|systems
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® Polymeric systems in drug delivery
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¢ Dendrimers and hydrogel systems in drug
delivery
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e Inorganic systems in drug delivery

e Liposomal systems in drug delivery
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¢ Niosomal systems in drug delivery
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o The methods for measuring drug loading and
release from nanostructures
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1- Mohapatra, S., RanjanS. Dasgupta, D., Mishra, R., Thomas, R., (2018). Nanocarriers for drug delivery,

nanoscience and nanotechnology in drug delivery. Elsevier.
2- Kumar, R., Heidi M.| Mansour, Friedman, A., Blough E.R. (2017). Nanomedicine in drug delivery.

CRC Press. Taylor &

Francis Group,

3- Bhatia, S. (2016). Nanotechnology in drug delivery: fundaméntals, design, and applications. CRC
Press. Taylor & Francis Group.
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eIntroduction and concepts of descriptive
Statistics:
* Types of data
*  Probability distribution
+ Confidence interva
* Sampling and size of sample
» Statistic significant|difference
+ Theory of hypothesis testing
s P value and confidence interval
» Student-t-test
* Chi-square test
* Normality test
» Standard deviation & standard error and
their calculating by|excel software
» Test of homogeneity of variances
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s Analysis of varianc%: (ANOVA) by one
of the folowing sofyvares include: SPSS
,SAS, Minitab , R, Design Expert

SPSS ,SAS, sla,l;il pyi 3 S 5t eslizal b il ly U1 @
Minitab , R, Design Expert

*» Mean comparison ttst by Dunnett,
Duncan, Tukey, Scheffe, Bonferroni,
Mann—Whitney methods into sofwares
(SPSS ,SAS, Minitab, R)
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Design Expert

e Diagram desinging|and statistical
reports
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o Correlation and regpession analysis by
software
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» _QOptimization methqds in bioprocesses
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1- Lista, L. (2017). Statistical methods for data analysis in particle physics. Springer international
publishing.

2- Smith, M.J. (2015). Statistical analysis handbook, a comprehensive handbook of statistical
concepts, techniques and software tools. 2015. The Winchelsea Press.

3- Lee, E.T. Wang, J.W. (2013). Statistical methods for survival data analysis. John-Wiley publishing.

4- Ott, L.R., Longnecker, M. (2010). An introduction to statistical methods and data analysis, 7th
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» Molecular forces in biological structures iy sl il 0 Js¥Usa slag,s @
s The Coulomb potential corals iy @
e Electrostatic epergy L I' . |
e Charge—dipole interactions Sty Sl 53l 0
o Induced dipolés By ok fienp Jolai @
e Cation—n inter:actions 2l glo ladgs @
» Dispersion forces T 908 SdiS oy @
¢ Hydrophobic jorces Sl clors @
e Hydration forces TR T
¢ Hydrogen bonds 5 Slislogyss @
e Stabilizing forces in proteins gl yusn log, @
» Stabilizing forces in nucleic acids 90 sl gt @
o Lipid bilayersland membrane proteins
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» Water and polar interactions N PSP SAGR B
» Physical properties of water U1 s oles e
» Overview of the importance of water for the ] T PR el
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¢ Conformations of madromolecules
* Protein structure
* Protein folding
* Deoxyribonucleic acid and ribonucleic acid
(DNA and RNA) s?gucture
* Determination of 3D macromolecules
structure
o Nuclear magnetic resonance (NMR)
o X-Ray crystﬁlllography
o Cryo-electroy microscopy (Cryo-EM)
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(RNA , DNA)
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e Cell membrane: struct;ure and physical properties

* Membrane structure

*  Chemical composition of the plasma
membrane

* Spatial architecture|of the plasma membrane

* Surface charges

*  Qrigin of the surface charges

* Electrical double layer

* Gouy-Chapman-Stern theory of the electrical
double layer
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« Substance transport across membranes
» Diffusion in biological systems
o Fick's laws of|diffusion
o Simple diffusipn through membranes
o Determination|of membrane
o Permeability from membrane
o Potential energy profile

» (Osmosis and osmotic pressure

o van’t Hoff Laws

]

o Deviations from van’t Hoff Laws

o Osmotic pressu

e of biological liquids

o Permeation without channels

» Facilitated transport
Channel-mediated transport

(o]

Carrier-mediate

o
o
o Energy barriers
o
A

d transport

Main characteristics of facilitated transport

and channel properties

Forces inside an ion channel
ctive ion transporl

elsd 3 o olge Jo @
et S prewge ya L2zl 0
izt o S a3 ©
Wid gk 5l el ©
AiE (5 dy gl el O
Je-ily 5551 Jg ©
8 ool JL25 g jamil
Den Zaly il O
Bon alg opdled jl Blodil O
ety Slule (g5l L2 O
JUB g sy 3585 ©
0 g izl ®
JUIS Lzwgs oad Jaguad Jlazil ©
JU fawgd ead Jogad L2zl O
oad Joted 23 ot slo S5y O
JO5 el 5 il gle ©
9 JU S5 090 e O
S Jlb Jat

N ..- e ;..4 .‘ Ny
LY

\'éit ‘..“
J(/ ‘Lg L]

YF



Ion permeation and membrane potential

o Neurons

Nernst potentials
Donnan potentials
Membrane potentials of cells

o Vertebrate skeletal muscle

A membrane permeable to Na* and K*

The Goldman—Hodgkin—Katz voltage equation
Membrane pumps and potentials

Transporters and patentials

Surface charge and membrane potentials
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Cytoskeleton

Biopolymers of the|cytoskeleton
Tubulin
Microtubules
Actin filaments
Actin binding proteins

Intermediate filaments

Anisotropic elastic properties of microtubules
Centrioles, basal badies, cilia and flagella
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Cell nucleus and chromosomes

Nuclear chromatin, [chromosomes, nuclear
lamina
Chromatin/chromosomes
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Mitochondria and proton pumps: energy
generation and utilization in the cell

cell energetics: chlaroplasts and mitochondria
The cell as a machine

P& 6o ne 5 38 0PI ey 9 63T P @

ok
(S 500 5 Dy I 1 Jolo (55 51
Oetle Sy plpis 4 Jgbo ¢

EN-IY

yoSm gkl

Y

e

Wang, H., & Li, G.|(2018). Membrane Biophysics: New Insights and Methods. Singapore: Springer.
ALLEWELL, N. M. (2016). Molecular biophysics for the life sciences. Place of publication not
identified: SPRINGER—VERLAG NEW YORK,

i tman, T. (2015). Channels, carriers, and pumps an introduction to membrane
England: Academic Press.




Liang, S., & Borordo, F. (2015). Methods in molecular biophysics: Structure, dynamics, function.
London: Koros Pregs.

Bialek, W. S. (2012). Biophysics: Searching for principles. Princeton: Princeton University Press.
Jackson, M. B. (2010). Molecular and cellular biophysics. Cambridge: Cambridge Univ. Press.
Raicu, V. (2010). Integrated molecular and cellular biophysics. Place of publication not identified:
Springer.
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* Expanding the synth‘itic protein universe by

guided evolutionary ¢

* Directed evolution

* Asexual methods
* Random mutagen
* Focused mutagen
* Site saturation my
*  Sexual methods

ncepts

esis
esis
tagenesis (SSM)

+ Homologous recombination

* Invitro homologdus recombination

* Invivo homologo'us recombination

+ In vitro non-homologous recombination

methods
* Screening and sel

ection techniques
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o Phage display systems

for protein engineering
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o Cell-free
engineering

display

systems for protein
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e Computational protocols

* Computational de
* Rational designin

signing of proteins
of proteins

+  Multiple sequencé alignment (MSA)

* Ab Initio methods
* Homology model
* Protein threading
* Molecular force fj
* Modulation of
computational des
* Modulating protej
and computationa
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intrinsic properties by
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n interactions by rational
] design
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¢ Enzyme engineering

o271 guiga

o Biotechnological and
of protein engineering
« Industrial appli
* Environmental
* Biomaterial ap
» Applications in
* Biosensors
¢  Virus engineer

biomedical applications
methods

cations

applications

blications
nanotechnology
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» Biomedical applications
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Introduction of biological databanks

Principles and seque lce alignment methods

Variation within andfetween species at point of genomes

Natural selection at t

Whole genome comparisons
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Identification of regulatory sequences and promoter SRNA b g ws,Slas oSeagis

Gene and motif prediction

Analysis of gene expression

Functional genomics| RNA sequencing and transcriptome pgmes ySenndl 3 3G
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Genome mapping and assembly
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Achievements and challenges in computational s>l ol Bz 5 bojgliws
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Overview of drotein structure prediction e S5 s et e
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Protein structure comparison and classification . .
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Empirical force fields
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Homology modeling of protein structure
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Antibodies- polyconal, monoclonal and

recombinants
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Polyclonal antibody production methods
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Monoclonal antibody production methods
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Production methods for recombinant
antibodies and phage display technology
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s such as ELISA,
chemiluminescence

Immunassay formaf
radioimmunoassay,

Antibody-based techniques such as
immunocytochemistry,
immunohistochemistry, immunofluorescence
and flow cytometr |
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Antibody and aptani'ler based rapid tests
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Western blot

SOl g

Therapeutic antibodies
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Use of nanoparticles in antibody-based
technologies

ol (Tl 5 slo (65905255 0 Shydgil i ooliuad
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Introducing and vi

research centers ac
and ELISA kits
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8). Immunochemistry of the extracellular matrix. CRC Press.
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Characterization of Biomacromolecules and Nanomaterials : )5 oSSl
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Separation and analysis methods of molecules

and macro-biomolecules

Chromatography
Principles of chromatography
Ion exchange
Gel filtration
Reversed phase
Hydrophobic interaction
Affinity
High performance liquid chromatography
(HPLC)

Electrophoresis
Principles of electrophoresis
Gel electrophoresis
Polyacrylamide nondenaturing electrophoresis
SDS polyacrylamide gel electrophoresis
Isoelectric focusing (IEF)
Agarose gel electrophoresis of nucleic acids
Pulsed field gel electrophoresis
Methods for detectihg and analyzing
components on gels
Western blotting
Southern blotting of DNA

Sedimentation
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Spectroscopy techniques
* A brief history otlthe theories of tight
Wave-particle duality theory of tight
* The electromagnetic spectrum
* Ultraviolet/visibl¢ absorption spectroscopy
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o Physical basis
Applications of absprption spectroscopy
o Nanomaterials
o Proteins
o Nucleic acids
Fluorescence spectroscopy
» Physical basis| of fluorescence
» Applications ch fluorescence
o Nanomaterials
o Proteins
o Nucleic acids
Infrared spectroscopy
+ Physical basis|of infrared spectroscopy
» Usesof infrar?d spectroscopy in
structure deteﬁmination
o Nanomaterials
o Proteins
o Nucleic acids
Fourier transform infrared spectroscopy
Spectroscopic techniques using polarized
light
» Polarized light
* Ellipsometry
+  Chirality in piomolecules
+ Circular dichroism (CD)
e Protqins
o Nucleic acids
Nuclear magnetir resonance (NMR)

spectroscopy
* Physical baslis of NMR spectroscopy
* The chemical shift
* Spin coupling in NMR
*  Measurement of NMR spectra
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Introduction

» History

*»  Various scales of th

* Introducing the lag;l'l
coordinates

* Reynolds transport

e transport phenomena
angian and euleriani

theory
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Obtaining equation of ¢
component systems
» Continuity equation
* Momentum equatio
* Energy equation

hange in single-
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Obtain equation of chan
systems

ge in multi-component

+  Continuity equatio:1

1

¢ Momentum equation

* Energy equation

¢ The definition of-thl: mass diffusion flux
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Mass transfer in biologjcal systems
¢ General of the masq transfer processes
» Types of mass trangfer processes
* Diffusion
*  Convectio
* Link interactions
o Transfer in cell membrane
o] AcatTve transport
o Passive transport
* Equations governin'g mass transfer
*  General boundary conditions
* Steady-state;mass diffusion without
chemical reaction
*  Steady-stat | mass diffusion with
chemical reaction
* Applied biological example
*  Un- steady-state mass diffusion
» The interaction of mass transfer and
biochemical reactions
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Malay K. (2018). Modeling Transport Phenomena in Porous Media with Applications. 1st Edition:

Springer International Rublishing.
Gekas, V. (2017). Tran$

port Phenomena of Foods and Biological Materials. 1st Edition: CRC Press.

Truskey, G.A., Yuan, F., Katz, D.F. (2009). Transport Phenomena in Biological Systems. 2nd Edition:

Pearson.

Fournier, R.L. (2006). Basic Transport Phenomena in Biomedical Engineering. 2nd Edition: Taylor &

Francis.

Truskey, G.A., Yuan, F., Katz, D.F. (2004). Transport Phenomena in Biological Systems. 1st Edition:
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Definition of tissue engineering and
regenerative medicine
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Scaffolds in tissue eingineering
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Synthesis and prepdration of scaffolds
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Bioreactors in tissu¢ engineering
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Degradation of scaffolds in tissue
engineering
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Application of stem| cells in tissue
engineering
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Biocompatibility in|tissue engineering
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Clinical application|of tissue engineering(
Liver, Kidney, nerve tissue , heart tissnes
engineering)
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Wound healing in tissue engineering
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Introducing and visiting of companies and
research centers actjve in tissue engineering
and cell therapy
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Sakuma, K. ed., (2018). Muscle Cell and Tissue: Current Status of Research Field, BoD-Books on

Demand.

Liu, S., (2016). Biogrocess engineering: kinetics, sustainability, and reactor design. Elsevier.

Bronzino, J.D. and
Bronzino, J.D. and
Set. CRC Press.
Lanza, R., Langer,
press.

Ikada, Y., (2011). T

eterson, D.R., (2016). Tissue engineering and artificial organs. CRC press.
Peterson, D.R., (2015). The Biomedical Engineering Handbook: Four Volume

R., & Vacanti, J. P. (Eds.). (2011). Principles of tissue engineering. Academic
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Introduction FPRY- P
. Pr.ellmmary definitions adg o5 8

* History _

*  Microfluidics systems in nature Al o

* The advantages of Ilnicro scales Caranlo 3 Sod gl Ko (sloailal

« Components of microfluidics systems S0 olain cBpa *

ausglis S cloaileln soims LSAT shil  *

Physics at the micrometrics scale 950 wlio Su5d e

» The physics of miniaturization
* Reynolds and Peclet numbers
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Microfluidics system types
» Labonachip

* Labonadisc

» Lab on a paper
* Labonastring
» Droplet microfluidics
» Digital microfluidiccs
+ Capillary microfluidlics
*  Optofluidics

*  Acoustofluidics
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Different microfluidics techniques to prepare i glp Sudwmglig e dilike (SLaKSST

micro/nano drug carriers
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* Introduction to mijcromixer types and their
features

* Synthesis of nanoparticles based on
microfluidics and investigation of its
parameters in efficiency and quality of
produced nanoparticles
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Types of biosensors based on microfluidics
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* Diseases diagnosis
» Blood analysis
* Cancer early detect
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» Other biological appli
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Applications. John Wil
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Springer.
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5- Kumar, C. S. (Ed.). (20
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6- Colin, S. (Ed.). (2013).
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, & Zhao, L. (Eds.). (2018). Microfluidics: Fundamentals, Devices, and
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10). Microfluidic devices in nanotechnology: Fundamental concepts. John Wiley
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Introduction and fundamentals of molecular
genetics and biology

Organization of] «cells and cellular
compartments

The organization and structure of genomes
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The principles of| gene cloning and DNA
analysis
-general vectors for gene cloning (plasmids
and bacteriophagesl. o)

Prokaryotic cloning vectors

Eukaryotic cloning|vectors

Production of protejn from cloned genes

Gene cloning and DNA analysis in medicine
Gene cloning and DNA analysis in agriculture
Gene transfer to anjmal cells

Gene transfer to plejnts

Advanced transgenlc technology
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Studying of gene expression and function
Genome analysis, genomics

the analysis methods of transcriptome

the analysis methods of proteome and protein
interaction
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* Molecular diagnostjcs H3ge et @
* Immunological diagnostic procedures (ELISA) 159 Sy5slyigas! aeids (slgdg,
* Monoclonal antibodies e .
e Fluorescent, biofluorescent and JUsl e slaasly 51 @
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* Microbial biosensors 955 (61 ) gtges  ®
¢ Colored fluorescent proteins N T T
» Nucleic acid diagnostic systems ) S M”Jf Stin ®
e Hybridization probes 346 Sl el g e R Sletys
» Nonradioactive hybridization procedures Oy oo gloasy  ®
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e PCR and real-time PCR DNA o cisil o
* Automated DNA aﬁalysis and sequencing X
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1- T. A Brown. (2016). Gene Cloning and DNA Analysis: An Introduction, 7th Edition, Wiley-
Blackwell

2- B. R. Glick, J. J. Pasternak, and C. L. Patten. (2010). Molecular biotechnology: principles and
applications of recombinant DNA. 4th edition. ASM Press,

3- S. B. Primrose, R.|Twyman. (2006). Principles of Gene Manipulation and Genomics, 7th Edition,
Wiley-Blackwell
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Practical training for nanostructures synthesis
methods

Practical training (acquaintance) with
nanostructures chaﬁacterization equipments
(spectrometer and microscopes)
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Nucleic acid and protein extraction methods
Nucleic acid and| protein analysis methods
(electrophoresis, spectrophotometry...)

PCR

Real Time PCR
microbial culture and gene cloning

OAPar 9 Setlly sladanl gl glodg, b ol o
ol 3t

ol2alejl J0 atigy 9 SLASH Sl oalSALosT 5 IGT 0
o 9§ pragiby Sl o] 5599 Sl Sl

PCR syl o oal€tylag] 5 5 sl o

PCR o6 sy b abal) jo oalStslojl Jl5 g oles]

Sile sl Sladg, gzl g g9 Kee 225 0

1l e
o9 il sl oge)] e ok poiawn lod; )
8+ kg slo (ypeh v Y-
9, Nes
:c{ll.a

Y
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Blackwell
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agriculture and envirI nment .

Application of nafomaterials for detection of
agricultural pathogen:s and pests
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Application of ndnomaterials for agricultural
fertilizers, pesticides! and food complementary for
livestock, poultry ams Aquatics
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Application of nanomaterials for nanovaccines and
nanodrugs for veterinary use
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Application of nanomaterials in food industry
(additives, complementary, functional foods,
preservatives) and| food packaging (smart
packaging, biodegradable packaging, gas exchange
control)
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Application of nanomaterials in plant and animal
genetics and biotechnology
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Green Nanotechnology: Biomimetic Synthesis of
Metal Nanoparticles Using Plants and Their
Application in Agriculture and Forestry
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* Chemical bonds
* Chemical synthesis methods
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Specific materials synthesis Methods Pl olge e sl e,
Nanocomposites
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Microporous and Mesoporous Materials i slos o
Core-shell structures 32950 3 230950 dlge
Carbon nanotubes and fullerenes
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Innovative entrepre
The importance
industrial and eco
society

on, and entrepreneurship
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Features of entrepreneurs

Entrepreneurship
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The role of in

at university and
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erdisciplinary studies in

entrepreneurship development

The concept of

nnovation and innovation

management

Technological innovation systems

Creativity

Level of technol?gy readiness (TRL) and

market readiness (
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Growth centers
Accelerators
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Start ups
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Commercialization of innovation or research
Venture capital (VC)
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* Investigating sucjessful entrepreneurs and
organizations in Ir
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Entrepreneurship in the life sciences

* Understanding the areas of entrepreneurship in
biotechnology (industry, environment,
agriculture, medicipe, medicine, etc.)

* Understanding the, entrepreneurship areas in
nanobiotechnology, (diagnostic kits, portable
analysis devices, microfluidic diagnostic and
therapeutic systems, nanobiosensors, nano
drugs, etc.)

* Understanding the areas of entrepreneurship in
medical engineer'gg (medical instruments,

polymers, composites, ceramics, implants,
tissue engineerin
therapies, etc.) L

* Understanding the areas of entrepreneurship in
the regenerative medicine and artificial organs

, cellular and cellular
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o The role of ethics in the development of science
and entrepreneurshipI of the country
* The role of scientific development and
entrepreneurship c;evelopment in sustainable
development
* Teamwork in the culture of Iran and the world
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