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2-Course definition
Nanobiomimetics is a new generation of interdisciplinary sciences that has evolved from the
integration of nanotechnology, biology and ecology. This new field of interdisciplinary science is a
bridge between natural sciences, including botany, entomology, soil science, zoology, marine
biological sciences, ecology and the science of the mechanism of the functioning of natural ecosystems
with physics, chemistry and engineering, and its purpose is engineering, construction and
manipulation of chemical and biological systems in micro-nanometer dimensions to know and
understand the microscopic world that governs life. NanoBiomimetics is producing technical
knowledge of a new generation of materials and systems that are widely used in various fields such as
medicine, industry, environment and agriculture. Therefore, this field has provided a new perspective
for students and researchers who work in the physical and biological systems at the nano and micro
scale.
Some of these applications include: making advanced materials that can be used in the building,
automobiles, aerospace and ships. This field can also provide new solutions for environmental
challenges facing human, including climate change and water and soil pollution. The production of
new drugs, advanced sensors, drug and gene release (drug and gene delivery), biological identification
of pathogens, and the tissue engineering are other fields of activity in this course.
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volumes): biologically - driven engineering of materials, processes, devices, and systems. World
Scientific Publishing Company.
2- Primrose, S. B. (2020). Biomimetics: nature-inspired design and innovation. John Wiley & Sons..
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Omnibus Business Center. London.
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a seed bank of knowledge and best practices. Createspace Independent Publishing Platform 3(8).
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Some famous experts in the field of biomimcry in the world
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innovation that help reach eco-effective solutions in: Green ICT & Energy. CRC press.
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Aims
A) Training of expert with appropriate interdisciplinary abilities to analyze biological phenomena at
the micro and nano scale.
B) Training qualified scientific and technical personnel to teach in universities and higher education
institutes (Ministry of Science, Research and Technology, Ministry of Health and Medical Education,
Ministry of Defense, Ministry of Qil, etc.) and meeting the needs of the society from the aspect of the
experts in the field of Biomimetics.
C) Development of diagnostic and treatment tools to solve the problems of agriculture industry,
environment, medicine and health
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Necessity and importance of the course

The interdisciplinary nature of the field of nanobiomimetics is a promise of progress in the medicine,
industry, and agriculture, and will lead to improved health, a healthier environment, and psychological
and economic well-being of humans. The effects of these changes in some cases will be very wide,
which will probably affect all fields of science and technology. Innovations such as the development
of new drugs, advanced environmentally friendly materials and advanced sensors for use in industry
are the beginning of a great transformation. Therefore, the training of masters and doctorate experts
in the field of nanoBiomimetics in parallel with the academic and research centers of advanced
countries can provide sufficient background to understand and develop what is happening in the
frontiers of science and technology in this field at the present time. Graduates of master's and
doctorate courses in this field are expected to play a role in designing, researching, updating and
optimizing knowledge and technologies in the field of biomimicry at all levels required by society in

the best global quality
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The role and ability of graduates
A) Providing necessary staff members for academic and research centers

B) Activity in the field of manufacturing advanced materials required by aerospace, autombile, construction,
agriculture, pharmaceutical, environment and food industries.

C) Setting up knowledge-based companies and small businesses.
D) Activity in growth centers, science and technology parks and research towns.

E) Directing the technical affairs of production lines related to Biomimetics.
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The conditions for accepting a student in the master of nanobiomimetics
It is according to the approvals and regulations of the Ministry of Science, Research and Technology.
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12- Exam materials and coefficients for entering the master of nanobiomimetics

A) The bases of nanobiomimetics.

B) Biology (cellular and molecular, plant, animal, marine).

B) Biomaterials (Polymers, metals, ceramics, composites).

C) Nanotechnology (Chemistry and physis of nanotechnology)
D) English language
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1- Compensatory lessons
Considering the different educational backgrounds of the students, and also if the final
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admitted candidates score less than 25% for each of the test materials, it is necessary to
compensate for up to 6 units from Table 1 after applying the courses by the educational
group will be presented to students.

Table 1. Compensatory lessons

AlAz ey 11>

[l Ceelow dluas Number of ) d>lg dldas
B1VN-3 (Number of hours) (credit Name of ) gy pb sy
ror s S | rex os Syl (lesson .
Sum | Practical | Theory | Sum | Practical | Theory
a8 | - a8 | 3 3 Lussas S8 1
General physics 1
48 48 1 2908 o
3 3 . 2
General chemistry 1
48 48 3 3 1 g9es 2L 3
General mathematics
1
48 48 3 3 9 dske (owlids o) 4
ds¥ge
Cell and molecular
Biology
96 --- 96 12 --- 12 Lﬁ@?




2- Core courses
These courses include 10 credits and the students of Ms.C are required to take 5 courses
listed in table 2 as specialized courses.
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Table 2: Table of core courses of nanobiomimetics-Master's degree

3k el dluas Number of ) d=lg sluas
Sl (Number of hours) (credit (name of lesson) pes o6 s
or | des [ OB x| des | ol el i
Sum | Practical | Theory | Sum | Practical | Theory
32 32 2 2 A ghes adis 1
Cellar mimicry
2 Canido )1 a9 plgl
32 --- 32 2 --- Mimicry and inspiration from 2
nature
32 32 2 2 S Cn) Syliz-lugi 9 dlge 3
Biomimetics nanostructures and
material
2 SWlsNge,Sle 9 0lgagil Yb dasine | 4
2| 32 | 2 o .
Characterization of nanomaterials
and biomacromolecules
32 | 32 | 2 2 50308 Dligos >
Seminar-Internship
160 160 | 8 10 S pox
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3-Elective courses
A) Students are required to take up to 12 credits in the Master as optional according to their
interest, supervisor's opinion and group approval, after compensatory and specialized
courses.
B) In the master, the student can choose and pass one course from any other field as an
optional course. Of course, with the condition that the total number of optional courses be
12 units.
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Table 3: Elective courses of nanobiomimetics for Master degrees.

/3 Caslw oluad Number ) d=lg sldas
o (Number of hours) (of credit
2 & (Name of lesson) (s pU )
des | B | pex | s <
&% | practic | Theor | Su | Practic
Sum The
al y m al
ory
22 | - | 32 | 2| — | 2 |25 dpohesghe e | 1
Sl o)
Surface engineering and
superhydrophobic surfaces
in Biomimetics
32 32 2 2 S oty 2
Biosensors
2 | Wl sl s dge slaygh | 3
32 32 | 2 o uwe
Photonic crystals and natural
structural colors
32 32 2 2 b @)jgl 4
Nanozymes
2 (Cariuo )3 oo 31 (1o ¢S 5
GITIEAR RO RZYER
32 --- 32 2 --- Mimicry of nature in
industry, environment and
agriculture
2  oaly 6)[&TﬂuTj U‘LQLA)T @b.]a 6
32 --- 32 2 --- Experiment design and
statistical analysis
2 (G Sl )3 (qwdige Jguo! 7
32 --- 32 2 --- Principles of engineering in
biomimicry
32 32 2 2 S Cn) S 8




Biomimetics adhesives

32 --- 32

a5, ol il 35 oy
Ol
Bioinspired
biomineralization

32 --- 32

G poke 53 (0 8LE
Entrepreneurship in life
science

10

32 --- 32

dsse Gl
Molecular modeling

11

32 --- 32

d9NVg090 9 JoNg0 S cprivlo
Molecular and biomolecular

machines

12

32 32 -

6293936 o8aalejT
Laboratory of
nanotechnology

13

32 --- 32

AL (goige
Tissue engineering

14

32 --- 32

b Slaw JsNg0 polul
Molecular basis of diseases

15

1-$Chy ) )3 A3 a3
NanoBiomimetics in
biomedicine-1

16

32 --- 32

2- Sy Gy 30 IaldS ) 93
NanoBiomimetics in
biomedicine-2

17

32 --- 32

1- Ol 9 S
Genetic and Life-1

18

32 --- 32

2- Ol 9 S
Genetic and Life-2

19

S “j s lic
Biomembranes

20

32 -—- 32

ondle 6850
Machine learning

21

32 --- 32

ONB9yy (i
Protein engineering

22

32 -—- 32

() SSon iy 3 3 s SO
Select one course from any
other field

23

32 --- 32

(AS5) S iy 3 3l s S
Select one course from any
other field

24

48
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28
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Biomimetics applications:
New energy-harvesting technologies

Endoplasmic reticulum
Biomimetics applications:
Drug delivery

Materials science

Golgi apparatus

Biomimetics applications:

Drug delivery

Biomimetics membranes

New methods for sorting and processing materials

Lysosomes

Biomimetics applications:

Drug delivery

Biocatalysis

New methods for breaking down and recycling
materials.

Cell membrane
Biomimetics applications:
Drug delivery

Biosensors

Water filtration

Energy production

Biomimetics tissues and organs
Biomimetics applications:
Regenerative medicine

Drug discovery

Disease modeling

Organ transplantation

Chemical information transfer
Hormones (plants and animals)
Neurotransmitters

Cytokines

Quorum sensing in Bacteria

Electrical information transfer
Action potential (plants and animals)
lon fluxes (plants and animals)
Pili(Bacteria)

Cell-inspired sensors and actuators
Biomimetics applications:
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Biomedical devices
Environmental monitoring
Energy harvesting
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1- Pollard, T. D., Earnshaw, W. C., Lippincott-Schwartz, J., & Johnson, G. (2023). Cell biology E-book.

Elsevier Health Sciences.

2- Alberts, B., Heald, R., Johnson, A., Morgan, D., Raff, M., Roberts, K., & Walter, P. (2022). Molecular
Biology of the Cell: Seventh International Student Edition with Registration Card. WW Norton &

Company.

3- Lodish, H. F., Berk, A., Kaiser, C., Krieger, M., Bretscher, A., Ploegh, H. L, & Amon, A.
(2021). Molecular cell biology. New York: WH Freeman.
4- Persiani, S. (2018). Biomimeticss of motion: Nature-inspired parameters and schemes for kinetic

design. Springer.

5- Goran Pohl, Werner Nachtigall (2015). Biomimeticss for Architecture & Design: Nature - Analogies —

Technology. Springer.
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Fundamentals of Nanobiomimectic
Definition of the discipline and its vocabulary
History and philosophy of mimicry of nature
The background and motivation of nature mimicry
and its importance in the contemporary era
Comparison of design in natural and artificial
systems
Different fields and levels of learning from nature
Predicting the trend and future of Biomimetics
Social effects of the Biomimetics

Introducing and classifying the sources of mimicry of
nature

Mimicry of plant and animal cells

Mimicry of insects

Mimicry n of marine plants

Mimicry of marine animals

Mimicry n of terrestrial plants

Mimicry of land animals
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Sources of Biomimetics of nature for micro-
nanotechnology:

Making biopolymer composites
structural failure (Bottle brush coral).
Synthesis of strong and flexible materials (chiton).
Production of anti-crack and fracture materials (Sea
urchin).

Production of strong and yet flexible glue (Eastern
oyster).

Synthesis of wear-resistant minerals (blood worms)

resistant to

Highly efficient fibers (bamboo plant stem)

Spiral fiber with super strength (plant)

Uneven and hydrophobic surface with high gas
exchange ability (Lecanora conizaeoides lichen).
Super water absorbent structures (Sandgrous).
Construction of edged surfaces resistant to biological
deposition (common oyster).

Nanoscale pumps through mimicry of the cell
aperture

Self-cleaning anti-reflective coatings through mimicry
of the eyes of a butterfly

Ultra-hydrophobic coatings through mimicry of lotus
leaves and insect wings

Antibacterial pads through mimicry of insect wings
Mimicry of peacock feathers and butterfly wings to
make biopatterned materials

Photonic nanostructures and structural colors in
nature

Mussel shell as an example of advanced hierarchical
materials

Use of plant pollen, algae, fungi cells as targeted micr-
drug delivery system to small intesin and colon.

Use of chitin and chitosan nanostructures found in
marine molluscs and locusts as a suitable model for
making advanced materials

Use of montmorillonite and Kaolin clay nanoplates
and halloysite clay nanotubes in drug delivery, tissue
engineering, drug delivery systems, biosensor
fabrication and the synthesis of natural and chemical
polymers with high thermal and mechanical
resistance (Nacre Biomimetics)

Making water-proof and gas-proof chemical polymer
films with the help of layering of natural polymers of
chitosan and cellulose for food packaging (Crab-on-a-
tree)
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1- Clegg, B. (2023). Biomimetics: How lessons from nature can transform technology. W. F. Howes

Ltd press.

2- Jelinek, R. (2021). Biomimetics: a molecular perspective. De Gruyter publication.

3- Benyus, J.M. (2020). Biomimicry: innovation inspired by nature. HarperCollins Publishers.

4- Primrose, S.B. (2020). Bomimetics: Nature—inspired design and innovation. Wiley Blackwell.

5-Bar-Cohen, Y. (2016) Biomimetics: Nature-based innovation. CRC press.

6-Campos, E. V., Ratko, J., Bidyarani, N., Takeshita, V., & Fraceto, L. F. (2023). Nature-Based Herbicides
and Micro-/Nanotechnology Fostering Sustainable Agriculture. ACS Sustainable Chemistry &
Engineering.

7-Li, C., Rajabi, H., & Gorb, S. N. (2022). Conflicting requirements for transparency and mechanical
stability in the compound eyes of desert locusts. Advanced Materials Interfaces, 9(27), 2200766.

8-Hou, J., Liu, X., & Zhou, S. (2021). Programmable materials for efficient CTCs isolation: From
micro/nanotechnology to biomimicry. View, 2(6), 20200023.

9-Homayoonnia, S., Lee, Y., Andalib, D., Rahman, M. S., Shin, J., Kim, K., & Kim, S. (2021).
Micro/nanotechnology-inspired rapid diagnosis of respiratory infectious diseases. Biomedical
Engineering Letters, 1-31.

10-Kirya, P., Chen, E., Achterman, M., Eugenio, K., Beshir, Z., Ngoy, N., ... & Ashcroft, J. (2021).
Biomimicry of blue morpho butterfly wings: An introduction to nanotechnology through an
interdisciplinary science education module. Journal of the Society for Information Display, 29(11),
896-915.

11- Biomimicry institute. Missoula, Montana. United States of America. https:// biomimicry.org.
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https://www.goodreads.com/author/show/303903.Brian_Clegg
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Introduction to nanomaterial and materials gegil g dlge el 33§ dodie
science
States of matter, difference of materials and T polgs 9 dlge iglds lge Sla cJl>

their properties
Types of materials (metals, metal oxides, | 9 Swolw cldyords (l38 St cl3ld) Slge &1g5l

polymers, ceramics and composites) (b Cujgmel
Materials for energy and sustainability Syl 9 &850 Gl dlge
Materials for biology and medicine Sy 9 (owlids Gy Sy 3190
Materials for optical and electronic devices S99 9595 S 0w (Sl 3lge

Classification of Biomimetics and bio-inspired G pledl 9 Gy Ada5 D103l 9 dlge (S diido
materials and nanomaterials

Material chemistry dgo (o
Intramolecular (covalent bonds, ionic bonds, (392 Lo ¢ ou)lgS Wign) J s gn 0910 Slodign
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bonds, hydrophobic interactions, m—m stacking (SL-L SuSul sla
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Reactivity, mechanism, kinetics and
thermodynamics

Properties of materials and nanomaterials
Physical properties

Mechanical properties

Chemical properties

Biological properties (Toxicity, biocompatibility,
Biodegradability, Blood-compatibility)

Thermal properties

Surface properties

Properties of nanomaterials

Preparation methods of materials and
nanostructures

Preparation methods of polymers and hydrogels
and their application

Preparation methods of composites and their
application

Preparation methods of ceramics and their
application

Metals, metal implants and metal surface
modification methods

Biomimetics and bio-inspired synthesis
methods of nanomaterials/nanostructures
Introduction to functional Biomimetics synthesis
(FBS) and process Biomimetics synthesis (PBS).
Elementary Biomimetics synthesis via biomass
templates

High-level Biomimetics synthesis via soft/hard-
combined membranes;

Artificial-active-membrane Biomimetics
synthesis
Eggshell-membrane (ESM) Biomimetics
synthesis

Commercial-polymer-film Biomimetics synthesis
Intelligent Biomimetics synthesis via liquid
membranes with carriers

Emulusion liquid membrane (ELM) Biomimetics
synthesis

Supported liquid membrane (SLM) Biomimetics
synthesis

Reverse-micelle or microemulsion Biomimetics
synthesis

Living-organism  Biomimetics synthesis via
plants/microorganisms

Bioinspired synthesis via bio-macromolecule
regulation

LS&AUQJ}A)J”j S cw&n 46).3..3.3 u’zJSb

dg0g3l g dga yolgs~

S olos

S8 ols=

Qs poly=

G035 o) (B ot cons) (Gund) o9
(Bl 03 sy

Aol vl

Shw polgs

J\}A}}U uab}

ylisLu 3G 9 dlge sl S gy
o oF 3,08 9 djgae 9 Wuad colo sla Jug)
L OF 5,8 9 b Cujsml calu sl g,

T 3,8 9 by Kol C-lao S 29

ahw ol Sl gra)y 9 GHE Sla cakal wwlils
S

PU! 9 Gy el Syl Lu gl s Sl o9
G
Fow 9 (FBS) ©3,5es Gy Al Fow 5 S doddo

(PBS) izl gty ol
0393 Cawd) SL9SI1 5o 31 Ag) (o) Il Fiwe

Slalid oS5 @b 51 Vb ass Guu) Al s
Jlad-(g Qlid (auw) JJ83 o

(ESM) f 035 A3l un) el Flows

S5 - yark- ohd Gyl I () AAS S
Slie b Jol> goybo 5 diediogd (G JdES Fouw
xlb

(ELM) Ogeglgal olo SLad () 5 Fue

puds ol gl Sl oy 1 (Gn) Al S
(SLM)

b o9Sae Janso 3 03lianl b (Guund) 5 S

) O gnd 9ol9,Suo

JOBLS 5 3l 0u3) @SB (san) A3 Foww
YO SPR Ve

Ge) J98909,Sbe @idaid gybo 1 (3u) pledl Foww




Protein-template Biomimetics synthesis

Nucleic-acid-template Biomimetics and 599~ 55U 31 oaliienl b gty JudS Fowo
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Polysaccharide templates for Biomimetics and - SifS g5
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Biomimetics approaches to self-assembly of

nanomaterials gagil (hId g3 (Sly Swiosagn SS9
Introduction

Self-Assembly S
Polypeptide-Based Nanomaterials ablag>
Polypeptide Scaffolds for Protein Recognition Ay (b 9 (st dlgagils
Polypeptide-Based Nanofibers B9y sl Sl G b b cayls
Biomolecular Fibers for the Assembly of A (b e BLIg3l
Nanowires o o g3l 590 Sl J 98 9090 B
Self-Assembly of Hybrid Nanomaterials

Biomimetics Self-Assembly of Gold Shopud dlgagil 3hlogs
Nanoparticles Mo w3l St g @hlag>

Nanoparticle Assembly in Biodiagnostics

) parsdl Sl b3 9L geas

1o 9 (giome b cawlidio (5 w0l — (DO gy (&

(solanin) (Sl 9y (&
12,330 p5 Obe 05057
42,340 bk o557
1S3l (e e (&

1-Qizhi, C., George, T. (2018). Biomaterials: a basic introduction. CRC press.

2-Kong, X., Ramalingam, M., Wang, X., Zhao, L. (2018). Nanobiomaterials: classification, fabrication and
biomedical applications. Wiley-VCH press.

3-Narayan, R., (2018). Nanobiomaterials: nanostructured materials for biomedical applications:
Woodhead publishing.

4-Challa S. S. R. Kumar, (2010). Biomimetics and Bioinspired Nanomaterials, 1st Edition, Wiley-VCH.

5- Gareev, K. G., Grouzdev, D. S., Koziaeva, V. V., Sitkov, N. O., Gao, H., Zimina, T. M., & Shevtsov, M.
(2022). Biomimetics nanomaterials: diversity, technology, and biomedical applications.
Nanomaterials, 12(14), 2485.

6-Guangtao Zan and Qingsheng Wu, (2016). Biomimetics and Bioinspired Synthesis of
Nanomaterials/Nanostructures, Adv. Mater., 28, 2099-2147.

7- Gebeshuber, I. C., Rose, G., Pavlicek, A., & Gazsd, A. (2020). Bio-inspired and Biomimetics
nanomaterials. NanoTrust-Dossiers, 54, 1-6.

8-Poornima P Vijayan, Debora Puglia, (2019). Biomimetics multifunctional materials: a review,
Emergent Materials, 2:391-415.



https://www.amazon.com/Challa-S-S-R-Kumar/e/B00JQDKL60/ref=dp_byline_cont_book_1

9-Yang Yang, Xuan Song, Xiangjia Li, Zeyu Chen, Chi Zhou, Qifa Zhou, and Yong Chen, (2018), Recent
Progress in Biomimetics Additive Manufacturing Technology: From Materials to Functional
Structures, Adv. Mater. 30, 1706539.

10-Maryam Rahmati, Eduardo A. Silva, Janne E. Reseland, Catherine A, Heyward and Havard J. Haugen,
(2020), Biological responses to physicochemical properties of biomaterial surfaceChem. Soc. Rev.,
49, 5178.
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Separation and analysis methods of molecules 9 W ge glwbid 9 Hluwlir )
and biomacromolecules: 1) Slgd 9 909,5 ke
Chromatography 31S55keg,S
Principles of chromatography 31,S3kg,S Jguo!
lon exchange Qg Jols
Gel filtration Ogusl lid J3
Reversed phase ovsxans 38
Hydrophobic interaction 25 T JuiS ey
Affinity Pl
High performance liquid chromatography (HPLC) (HPLC) YL 4hs L e 31,Ssileg,S
Electrophoresis 3099940
Principles of electrophoresis 10989,8 ol
Gel electrophoresis J5 399948

Polyacrylamide nondenaturing electrophoresis
SDS polyacrylamide gel electrophoresis
Isoelectric focusing (IEF)

Agarose gel electrophoresis of nucleic acids
Pulsed field gel electrophoresis

Methods for detecting and analyzing
components on gels

Western blotting

Southern blotting of DNA
Sedimentation

Nanostructures Size Measurment
Scanning electron microscopy (SEM)
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Transmission electron microscopy (TEM)
Dynamic light scattering (DLS)

Spectroscopy techniques

A brief history of the theories of tight
Wave-particle duality theory of tight

The electromagnetic spectrum
Ultraviolet/visible absorption spectroscopy
Physical basis

Applications of absorption spectroscopy:
Nanomaterials

Proteins

Nucleic acids

Fluorescence spectroscopy
Physical basis of fluorescence
Applications of fluorescence:
Nanomaterials

Proteins

Nucleic acids

Infrared spectroscopy

Physical basis of infrared spectroscopy

Uses of infrared spectroscopy in determination of
structure:

Nanomaterials

Proteins

Nucleic acids

Fourier transform infrared spectroscopy

Spectroscopic techniques using plane-polarized
light

Polarized light

Chirality in biomolecules

Circular dichroism (CD)

Proteins

Nucleic acids

Nuclear magnetic resonance (NMR)
spectroscopy

Physical basis of NMR spectroscopy
The chemical shift

Spin coupling in NMR

Measurement of NMR spectra

Visit the analysis laboratories of universities and
research centers
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1-McNeil, S. E. (2018). Characterization of nanoparticles intended for drug delivery: Methods and
protocols. New York, NY: Humana Press.

2-Ashrafuzzaman, M. (2018). Nanoscale biophysics of the cell. Cham, Switzerland: Springer.

3-Lyubchenko, Y. L. (2018). An introduction to single molecule biophysics. Boca Raton: CRC Press,
Taylor & Francis Group.

4-Zaccai, N. R., Serdyuk, I. N., & Zaccai, G. (2017). Methods in molecular biophysics: Structure,
dynamics, function for biology and medicine. Cambridge, United Kingdom: Cambridge University
Press.

5- Goldstein, J. I., Newbury, D. E., Michael, J. R., Ritchie, N. W., Scott, J. H.J., & Joy, D. C. (2017). Scanning
electron microscopy and X-ray microanalysis. springer.

6-Bujalowski, W. M. (2016). Spectroscopic Methods of Analysis Methods and Protocols. Totowa:
Humana Press.

7-Hammes, G. G., & Hammes-Schiffer, S. (2015). Physical chemistry for the biological sciences.
Hoboken, NJ: John Wiley.

8-Sheehan, D. (2010). Physical biochemistry: Principles and applications. Chichester: Wiley-Blackwell.
Hollas, J. M. (2010). Modern spectroscopy. Chichester: Wiley.

9-Johnson, E.W.H., W. C., & Ho, P. S. (2006). Principles of physical biochemistry. Upper Saddle River,
NJ: Pearson/Prentice Hall.

10- Berne, B. J., & Pecora, R. (2000). Dynamic light scattering: with applications to chemistry, biology,
and physics. Courier Corporation.
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Writing manuscript Yo ik
Research paper, (S - ke
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1- Terrell, S. R. (2022). Writing a proposal for your dissertation: Guidelines and examples. Guilford

Publications.

2- Vasanthakumari, S. (2021). Writing research proposal. World Journal of Advanced Research and
Reviews, 10(1), 184-190.

3- Nieuwlaat, R., Wiercioch, W., Brozek, J. L., Santesso, N., Kunkle, R., Alonso-Coello, P., ... &
Schiinemann, H. J. (2021). How to write a guideline: a proposal for a manuscript template that
supports the creation of trustworthy guidelines. Blood advances, 5(22), 4721-4726.

4- Weinstein, R. (2020). How to write a manuscript for peer review. Journal of Clinical Apheresis, 35(4),
358-366.

5- Weatherall, R. (2019). Writing the doctoral thesis differently. Management Learning, 50(1), 100-113.

6- Liumbruno, G. M., Velati, C., Pasqualetti, P., & Franchini, M. (2013). How to write a scientific
manuscript for publication. Blood Transfusion, 11(2), 217.
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An introduction to surface science rhaw pls 3 § dodio
Surface energy and surface tension G GuiS 9 (xdaw (555
Wettability gy
The effect of roughness and microstructures on SXgd Taw Gy
wettability

Contact angle
Self-cleaning
Artificial superhydrophobic surfaces

Surface Modification Techniques

Plasma polymerization

Self-assembled monolayers (SAMs)

Surface Modification of Biomaterials

Physical vapor deposition (PVD) and Chemical
vapor deposition (CVD)

Sol-gel method

Etching techniques

Surface Modification of Biomaterials

Surface modification of biomaterials by covalent
binding of poly(ethylene glycol) (PEG)

Surface modification of biomaterials by
heparinisation to improve blood compatibility
Surface modification of biomaterials by peptide
Functionalization

Surface modification of biomaterials by calcium
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phosphate deposition

Theory of superhydrophobic surfaces and
interfaces

Contact angle and Young’s Equation

Wenzel model

Cassie—Baxter model

Contact angle hysteresis

Role of hierarchical roughness

Methods of artificial superhydrophobic surfaces
fabrication

Etching method

Lithography

Anodization

Laser processing

Sol-Gel process

Electrodeposition

Hydrothermal method

Direct reproduction

Evaporation induced honeycomb polymer
surfaces

Commercially available lotus-effect products

Smart biomimetics superhydrophobic materials
with switchable wettability

Single-response smart responsive surfaces
Dual-responsive and multiple-responsive surfaces

Biomimetics superhydrophobic applied for
oil/water separation

Metallic mesh-based materials
Fabric-based materials

Sponge and foam-based materials

Particles and powdered materials

Biomimetics superhydrophobic materials applied
for anti-icing/frosting

Ice and frost formation mechanism

Natural  superhydrophobic and icephobic
examples

Anti-icing performances of superhydrophobic
surfaces

Shark skin surface for fluid-drag reduction in
turbulent flow

Mechanisms of fluid drag

Shark skin

M«Sg_)}w_)_j\ oolaiwl b dlge ) Gb‘u C)Lo\

Olaws
S Jawly 9 zolaw HUd) T g3 Sl 29290 b duylas
BULCINCTY

Wenzel Jdo « Kb dlslas g (ol agls
Cassie-Baxter Jio

oeled gy Silawy

@Sl dludww (53 s

E5aan 2807 398 ohw sl Sy

Sl Y gy

Q}g«.ubf‘.).;\

G gy

- aTy3

S gy

Jleyigydud (o)

s Jio g5

A5 ) (506 (6)90) BY Sy ok
9P S b s )3 (Sl DY game

Shgdoys CalslB b diadogh Skiosagn 1yl B398 dlge
gl LB

Gl S diadigh oS5enb ol

Sl Lz 9 Sl 90 okaw

Sluldr Gly Sdapags 30T Ggd Slge 38
S/ o9y

SO o 5 (i Slge

Azl 2 (G dlgo

P99 9 Tidwl by 5 lge

Ohd 9o g

8% gl e wd Sy Sianags 55571 359 dlge 3y)8

RISUESIY IR0 CAP U ¥
25 & 95T B8 b sls diged

3597 (398 ok o 3ySlas

0Ly 90 Jhw kS JidB Gly dwgS Cuvgy pdaw
l..i:.“’
b 0AiS S i




Surface analysis methods zolaw WUT slgdg)
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1- Watts, J. F., & Wolstenholme, J. (2019). An introduction to surface analysis by XPS and AES. John
Wiley & Sons.
Zhiguang Guo, Fuchao Yang, (2018), Surfaces and Interfaces of Biomimetics Superhydrophobic
Materials, Wiley-VCH Verlag GmbH.
3- Bharat Bhushan, (2018), Bioinspired Hierarchical-Structured Surfaces for Green Science and
Technology Third Edition, 3rd edition, Springer Nature Switzerland AG.
Williams, R. (2016). Surface modification of biomaterials (Methods, analysis and applications).
Woodhead Publishing Limited.
Wen, C. (2015). Surface coating and modification of metallic biomaterials. Oxford: Woodhead
Publishing.
6- O'Connor, D. J.,, Sexton, B. A,, & Smart, R. S. (Eds.). (2013). Surface analysis methods in materials
science (Vol. 23). Springer Science & Business Media.
7- Eduardo A. Favret, Néstor O. Fuentes, (2009), Functional properties of Bio-inspired surfaces, World
Scientific Publishing Co. Pte. Ltd.
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Introduction doddo
Definition of biosensor S ) pggn
History and time line A6
Designing Principles, effective factors on S 38k 1 350 Jelge 5 2hb Jgmol
performance (selectivity, sensitivity and ) (-9 Cowobais| cCuwlus)
Classification of Biosensors 1, Sk Caa) (S diewd
Biological receptors: 1S) S ol JS
Enzymes 03337
Antibodies b ol &7

Nucleic acids (DNA, PNA, Aptamer,...)
Protein receptors

Microorganisms and eukaryotic cells
Animal and plant tissues

Organelles

Biomimetics based Receptors:
Molecularly imprinted polymers (MIP)
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Membrane mimics and self-assembled
monolayers (SAM)

Applying peptides, DNA enzymes and natural
receptors in artificial environments
Composites, nanoparticles (NPs),
nanostructured materials (dendrimer’s etc.)

Transducers

Electrochemistry transducers:
Conductometry

Voltammetry

Amperometry

Electrical transducer:

Field effect transistors

Optical transducers:

Colorimetry

Fluorescence measurment
Surface plasmon resonance (SPR)
Optical fiber

Reflectometric Interference spectroscopy
Luminescence

Calorimetric
Piezoelectric

Biological mechanism of five senses and sensor

design for sense of taste, smell and vision

Applications of biosensors:

Environment and Contamination monitoring
Medical and pharmaceutical

Precision agriculture

Food/Water safety monitoring

Basic studies of biology
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1- Gozde, K.A., Dulta, K., Chauhan, P., Chauhan, P.K. (2022). Biomimetics Material-Based Biosensor for
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Introduction doddo
Interaction of light with matter (Transmission, oL (ol (gae Joli) olo b g udSe ys
Absorption, Reflection, Refraction, Diffraction, (o el QLSS
The origin of color in nature Gl )0 Ky Lade
Pigments and structural colors Golizle LK) g b 41uS)
Visual signaling by colors: 1 Sy dawgs (8 pa ol
Species recognition L:a:xsjfua:o';&s
Sex recognition o> arsdd
Age recognition O el

Mate choice

Agonistic behavior

Avoiding predators (camouflage, Aposematism,
deterrence, startle displays)

Physics of structural colors:

Reflection and transmission of thin films
Iridescence

Reflection and transmission of multilayers (1D
photonic crystals)
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Reflection and transmission of 2D and 3D
photonic crystals

Examples of structural colors in nature:
Iridescence of wing and feathers of birds
Camouflage by transparent wings

Aposematism by photonic crystal structures
Combined optical phenomena

Moth-Eye Antireflective Structures

Trapping light by photonic crystal structures for
photosynthesis

Synthesis of photonic crystals:
Sol-gel

Spin coating

Electrochemical processes

Use of Electron beams
Photolithography

Soft lithography

Applications of photonic crystals
Sensors

Biosensors

Antireflective structures

Optical windows

Light trapping for solar cells
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5-Guang Yang, (2018), Bioinspired materials science and engineering, Wiley.
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Application of nanozymes in bioimaging

The use of nanozymes in the design of biosensors
Nanozymes in electrochemical analysis

The use of nanozymes in the treatment of diseases
Application of nanozymes in industry

Application of nanozymes in food industry
Application of nanozymes in agriculture

Potential toxicology of nanozymes

o b o (2
Definition of nanozyme and its difference with enzyme @31 L OT Wlis 9 @93l Cavyas
Classification and naming of nanozymes b @)g56 GIKeb g (G dids
Mechanism of action of nanozymes L 096 Jos eunitle
Metal oxide nanozymes S8 SladsS! 4l b @)gb
DNA based nanozymes DNA 4L » Sy @)g3ls
Glucose oxidase-mimicking Nanozymes 1S 5568 sussS wdas sla ©2)96
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1- Hemant Kumar Daima, Navya PN, Eric Lichtfouse, (2023), Nanozymes in Medicine, Springer

2- Sundaram Gunasekaran, (2022), Nanozymes advances and applications. CRC press.

3- Hemant Kumar Daima, Navya PN, Eric Lichtfouse, (2021) Nanozymes for Environmental Engineering.
Springer.

4-Wei, Hui; Qin, Li; Zhu, Yunyao; Li, Sirong; Lou, Zhangping; Wang, Quan; Wang, Xiaoyu; Wu,
Jiangjiexing (2018). Nanomaterials with enzyme-like characteristics (nanozymes): next-generation
artificial enzymes (I1). Chemical Society Reviews. 48 (4).
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https://link.springer.com/book/10.1007/978-3-031-20581-1#author-1-0
https://link.springer.com/book/10.1007/978-3-031-20581-1#author-1-1
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https://www.routledge.com/search?author=Sundaram%20Gunasekaran
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https://link.springer.com/book/10.1007/978-3-030-68230-9#author-1-2
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Industry: o
Construction of strong underwater trackers (QF ) 3byd 5 598 S by el
(Harbor seal)
Synthesis of sensors that record very weak Cruas (s Olald)) 0uiS ol ) gudus Fuuw
vibrations (Male mosquitoes) (5 sl asy S&La)
Using chemical signals to identify microorganisms Qlwlds gz Qlord S JUS s 31 oliiu!
(Bacteria) (L 5ASL) L el ,Sne
Making voltage-sensitive membranes (Common dad ) Syline) JWg b polus slalae co-lw
to all organisms) (©lgzg0
Synthesis of structures that convert sound signal Oby> 4 e I s 00038 o (slaylisls 5w
into electric current (Inner ear cells of DI buwge ODIS oy 315 (65 S Jghus) (S
vertebrates, mammals, fish, birds, reptiles) (0BW35 OBXy dl alo
Using the adaptation of swimming techniques of
marine creatures to reduce the risk of sinking Cur QWd Wlagarge L sla ST )8l 31 oo izl
ships (Lampreys) (2lyle) b 2as Ods 3y yas ol
Construction of car bodies with the ability to
change color depending on the angle of light s diay Ky s QLles Shls Slegyngs A el
(Tortoise beetle) (i SY Sawvgun) )95 (il gl
Construction of receivers recording small
disturbances (American alligator)




Construction of pressure recording receptors
(Star-nosed mole)

Construction of a fire register (Metallic wood-
boring beetle)

Making receivers of very weak sounds
(Mosquitoes)
Making non-polar compounds that facilitate the
movement of chemicals (Ground beetles)
Construction of strong receptors to guide
navigation (Escherichia coli)
Construction of direct electron transfer systems
of pili (Bacteria)
Making non-metallic but strong car bodies
(Metallic wood-boring beetle)
Using protein to convert nanoparticles into
crystals (Red junglefowl)

Sampling of platelets to make structural blocks
(Animal platelets)
Sampling of the cuticle of organisms for the
production of anti-crack cream (Desert locust)
Making skin repairing creams (Animal skin)

Economical and environmental purification of
plant extracts rich in active medicinal substances
(with the help of fungi)

Making an antiviral drug inspired by antimicrobial
peptides (peptides)

Production of a systematic drug discovery
platform inspired by proteins (proteins)

The use of seaweed compounds for the synthesis
of anti-malarial drug (Fiji red seaweed)

Making antibiotics Biomimetics of bacteria
(streptomyces)

Envirinment and agriculture:

Production of natural antioxidants using plant
residues

Production of biodegradable polymers using
plant residues

Production of required enzymes on the plant
residues

Extraction and purification of effective plant
substances by bacteria

Making natural biosensors using plant
metabolites

Production of new pesticides with the help of
essential oils and plant oils (oregano essential oil,
limonene from marigold flowers)
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Production of new fertilizers with the help of
plant metabolites P b Clglin SS @ aub ,Sus g0 csle
Production of drought resistant plants S 529y 9 b Luilul KS @ bz Sl 1S ol Wy
Biomimetics of nature Ko piged (255 B 10 38 ey dex jl) aLS
Production of salt-resistant plants biomimtiic of (Ll dicen
salt-resistant microorganisms P e cldglie S @ btz $asgS Adgs
Production of cold-resistant plants by imitating
cold-resistant microorganisms Caanbs 31 aas 4y (s 4 pglie oLaslgf.\,.!js
Production of plants resistant to alkaline soil
conditions Biomimetics of microorganisms s p.'ggsl?)lgﬁ,.n O oS 4 (Sy9d 4 polie oLal,f.,\,Jj:;
resistant to alkaline conditions Srgd 4 polae
Biomimetics of tree leaves to absorb and s psjg@b)gwjl a5 @ Lo 4 polie ol.al,.f,g.l}:
decompose air pollutants Loy 4 polie
Making super-hydrophobic and super-hydrophilic | 9,5 3l 4da5 4 Sl W8 Loyl & 4 pglie ol_al,.f,\f.lj:
materials Biomimetics of plant leaves QWS lal b 4 polie sl p506)|
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1- Dicks, H., (2023). -The biomimicry revolution: learning from nature how to inhabit the earth . Clumbia
University Press.

2- Shyam, V., (2022). Biomimicry for aerospace: technologies and application. Elsevier.

3- Eggermont, M., (2022). Biomimicry for materaials, design and habitate: innovation and application.
Elsevier.

4-Farnsworth, M., (2020). Biomimicry and business: how companies are using nature”s strategies to
succeed. Routledge publication.

5- Depalan, M., (2020). Innovation through biomimicry. Amazon.

6- Tazzi, F., (2014). Biomimicry in organizations: drawing inspiration from nature to find new efficient,
effective and sustainable ways of managing business. Creatspace Independent publishing
platform.

7- Krueger B.R.,Young, B., Brunsting, R. (2016). Biomimicry : Nature as designer. Creatspace
Independent publishing platform.

8- Aguliar Perez, K. M., Alagoz, Y., Maatouk, B., Wang, J. Y., Bergdar, L., Qutub, S., ... & Khashab, N. M.
(2023). Biomimetic mineralization for smart biostimulant delivery and crop micronutrients
fortification. Nano Letters, 23(11), 4732-4740.




9- Kondoyanni, M., Loukatos, D., Maraveas, C., Drosos, C., & Arvanitis, K. G. (2022). Bio-inspired robots
and structures toward fostering the modernization of agriculture. Biomimetics, 7(2), 69.

10- Zou, M., Zhang, Y., Cai, Z,, Li, C., Sun, Z., Yu, C,, ... & Song, Y. (2021). 3D printing a biomimetic bridge-
arch solar evaporator for eliminating salt accumulation with desalination and agricultural
applications. Advanced Materials, 33(34), 2102443.

11- Stojanovic, M. (2019). Biomimicry in agriculture: is the ecological system-design model the future
agricultural paradigm?. Journal of Agricultural and Environmental Ethics, 32(5-6), 789-804.

12- Zhijun, Z., Honglei, J., & Jiyu, S. (2016). Review of application of biomimetics for designing soil-
engaging tillage implements in Northeast China. International Journal of Agricultural and Biological
Engineering, 9(4), 12-21.
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Introduction and concepts of descriptive
Statistic:

Types of data

Probability distribution

Confidence interval

Sampling and size of sample

Statistic significant difference

Theory of hypothesis testing

P value and confidence interval

Standard deviation and standarad error and
their calculation by Excel

Student-t-test

Chi-square test

Normality test

Test of homogeneity of variances

Analysis of variance (ANOVA) by one of the
folowing sofwares:

SPSS ,SAS, Minitab, R, MStat-C, Design
Expert
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Mean comparison by methods: (SLL9-¢po (39,0593 ey ¢S5 ¢SS iy cud-3
T-test, Dunnett, Duncan, Tukey, Scheffe, SPSS ,SAS, :sWyl3dl oy 51 (o 5l eslaswl b ... 9.l
Bonferroni, Mann—-Whitney, LSD and ... Minitab , R, MStat-C
By softwares: SPSS ,SAS, Minitab , R, MStat-

C 9 S5 Sy ST gl (1)l5S 9 Lyl god mesy 09 (i gal
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Figure and curve drawing and statistical

reports on figures and curves in Excel o b 9 JuaSI 51381 03 S 4 OgensSy 9 Surad LT
oyl58l
Correlation and regression analysis by
software D31 ey Jawss (e Sladild 5o il dingy Sledig)
Desing expert
Optimization methods in bioprocesses by Desing expert 3l 5 SaS @ Juwlo)l >k
design expert
Experimental desing by Design Expert S 031> (51 dvngs WUT
Cluster analysis (PCA) ol Jolge s dujs

Princiapal component analysis

ole
1- Kaltenbach, H. M. (2021). Statistical design and analysis of biological experiments. Springer.
2- M.C. Whitlock, M.C., Schluter, D. (2020). The Analysis of biological data. Third edition. Macmillan
Learninig.
3- Seltman, H. J. (2018). Experimental design and analysis. Book is on the World Wide Web.
4- Lista, L. (2017). Statistical methods for data analysis in particle physics. Springer international
publishing.
5- Smith, M.J. (2015). Statistical analysis handbook, a comprehensive handbook of statistical concepts,
techniques and software tools. 2015. The Winchelsea Press.
6- Lee, E.T. Wang, J.W. (2013). Statistical methods for survival data analysis. John-Wiley publishing.
7-0tt, L.R., Longnecker, M. (2010). An introduction to statistical methods and data analysis, 7th edition.
Cengage Learning publishing.
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Overview a8 SleMbl s 9,0
The world of small dimensions ovlaie 93U slao
Nanoscale Properties (Electrical, Optical, Chemical) (-9 Qlonnds €5y85 ¢ S2AS) pulidia 536 039> 4o ol
Nanoscale visualization techniques (TEM, SEM, Cryo- U wlde yo glubis sla (9

SEM, AFM, STM)

Basics engineering in nanomaterials and
nanostructure fabrication

Carbon nanomaterials (fullerenes, graphene,
nanotubes, nanofibers)

Metal nanoparticles (synthesis, properties and
applications)

Magnetic nanoparticles (synthesis, properties and
applications)

Quanatum dots, liquid crystals

Nanoporous materials (metalic,zeolite, MOFs)
Nanofibers,

Nanotubes,
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Nanocellulose,
Ribosomes,
Photosynthesis systems,
Bionanomachines

Basic of engineering in:
Microfabrication methods (photolithography, soft
lithography,replication)
Nanofabrication methods (Top-Down approaches)

Microfluidics and Nanofluidics:
Surface tension

Capillarity

Reynolds number

Diffusion

Viscosity

Nanopores and nanocapillaries
Debye length

Obtaining equation of change in systems

Various scales of the transport phenomena
Introducing the Lagrangian and Euleriani coordinates
Reynolds Transport Theory

Continuity equation

Momentum equation

Energy equation

Biological and medical microdevices:
Lab-on--chips

Organ-on-chips

Biosensors (fabrication, functionalization,
applications)

Biomimetics Micro and nano engineering: Overview
Microphysiological System: Human Organs-on-Chips
Micro and nano fabrication of Human Organs-on-
Chips

Neural recording, imaging, and modulation for
neurological disorders

Synthetic Microbial Ecosystem: The Concept
Synthetic Microbial Ecosystem: Applications
3D printing of microscopic bacterial communities

Biologically engineered, bioinspired, and Biomimetics
materials and carriers towards drug delivery and
imaging”
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1- Inamuddin, AM, A. Asiri, K. Suvardhan, (2019) Green sustainable process for chemical and
environmental engineering and science, Elsevier.

2-Malay K. (2018). Modeling transport phenomena in porous media with applications. 1st Edition:
Springer International Publishing.

3- Fournier, RL. ( 2017). Basic transport phenomena in biomedical engineering, Taylor and Francis
publication.

4-Gekas, V. (2017). Transport phenomena of foods and biological materials. 1st Edition: CRC Press.

5- Rogers, B. Adams, J. Pennathur, S. (2015). Nanotechnology understanding small systems. CRC Press.

6- Xia, Z. (2016). Biomimetic principles and design of advanced engineering materials. John wiley and
Sons.

7- Dong, H. Hu, W. (2013). Organic nanomaterials. In Springer Handbook of Nanomaterials. Vajtai, R.,
Ed: Springer Berlin Heidelberg: pp 905-940.

8- Peattie, RA., RJ Fisher, JD Bronzino, DR Peterson (2012). Transport phenomena in biomedical
engineering: principles and practices, Books.google.com

9- Cercignani, E. Gabetta, MS. (2007). Transport phenomena and kinetic theory: applications to gases,
semiconductors, photons, and biological systemsbooks. Google.com.
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Introduction to Adhesives and Adhesion St 9 B 5 (Sldodio
Surface preparation for adhesion S Sl zaw )lwooslel
Theories of Adhesion (Mechanical interlocking, (S8 Juail) Swinws S ()45
Electrostatic, Diffusion, Wettability, Chemical JUail ¢ S gy yLadsl b 39a5 « Sl g ASJI
bonding, Weak boundary layer) (Sye arpd Y (lonis
Design Principles of Adhesives B Gz (b Jguo!
Wet Adhesion Cobye lae 55 Shuu
Biocompatibility 3] S{ptIny
Degradability Srdy Gy
Adhesive Covalently Interactive Functional Groups ole 5 09,8 53, 31 (qwiVlgsS Sk
Noncovalently Interactive Groups ele 5 09,8 (uilgsSpe Jlasl
Removal of Interfacial Hydrate Layer Abdd 4 Siie ad B>
Physical Characteristics of Adhesives (Elastic Gl o« Siudl Jge) 1 o S8 S Sg
Moduli, Applied Stresses, Fatigue Resistance, (295 ¢S ol 35 Cunglite o)l Sl
Swelling) 9 Qoo (580 3LD)) b e 3See 3L3)
Adhesive Performance Assessments (Mechanical, (éfjjbﬁ
Chemical and Biological Assessments)




Synthetic Polymer-Based Adhesives
Cyanoacrylates

Poly(methyl methacrylate)(PMMA)

Polyurethanes

Polyesters

Polyethylene glycol (PEG)

Degradable Adhesives for Surgery and Tissue
Engineering
Biodegradable
adhesives
The chemistry and engineering of polymeric
hydrogel adhesives for wound closure

polymer hydrogel-based tissue

Polysaccharide-Based Adhesives
Chitosan

Alginate

Dextran

Hyaluronic Acid

Protein-Based Adhesives

Fibrin

Collagen and Gelatin

Albumin

DOPA-Based Adhesion Used by Marine Mussels
Coacervation in Sandcastle Worms
Phosphorylated Serine in the Glue of Caddisfly
Larvae

Amyloid-Like Proteins in Barnacle Adhesives
Aggregate Silk from Orb-Weaving Spiders and
Glowworms as Adhesives

Recombinant Adhesive Proteins

Activatable Adhesives

Photo-Activation to Induce Adhesion
Temperature-Activation to Induce Adhesion
pH-Activation to Induce Adhesion

Non-mammals Inspired Adhesives

Mussel

Dusky Arion

Gecko

Spider Web

Plants

Properties, principles and parameters of gecko
adhesion system

Glue secreted from the skin of the Australian frog
Notaden species (Amphibian species)
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Biomimetics Polymer Adhesives derived from
geckos, mussels, octopuses, and tree frogs

Natural Underwater Adhesives

(protein-based underwater adhesives produced by
aquatic organisms such as blue mussels, acorn
barnacles, sandcastle worms, and freshwater
caddisfly larva)

Mechanisms and applications of bio-inspired
underwater/wet adhesives

Adhesive Materials Inspired by Barnacle
Underwater Adhesion: Biological Principles and
Biomimetics Designs

Analysis of Adhesives

Gel permeation chromatography (GPC),

Thermal analysis techniques (differential scanning
calorimetry (DSC), dynamic mechanical thermal
analyzer (DMTA))

X-ray photoelectron spectroscopy (XPS, also
called ESCA).

Sl 03 b G
buwg O ) )0 ous Udgl (aaligyn CLCwz)
bob slayds ‘d,T S Le Wile Spl Gldg>ge

(UwoB Y 9 o ands Slap,S

b ol Csbye Gl Canr 13,08 5 b euwia
) G Pl

Sl Qs 3 pldl b sduws dlge
sl #hb 9 $Islse Jeel :(Barnacle) SL)b

W o WG

5850 SUI (31,8 53leg,S

ol iole (pwle)S) Gl WUT Sla gy
«(DMTA) Ly ‘_S:uﬁo Auly> W1 ¢(DSC)

(XPS or Sl dail 09 iSlgigh (v b
ESCA)

1o 9 (giome b cawlidio (5 w0l — (DO gy (&

(soladn) (bl gy (&
Loy 30 dL»r:a d}b BE) ‘5.»% &LAC_..:‘W
1,530 p5 Obe 05057
12,340 Sl 0T
(Solgiy (e @ln (g

3923 03y ()d: O «(§)9el rwmadleozie Aud (et AL (cnegS Ol 1l (Shimur 9 oy iy (1

.1381:0l> Jle <541.33:

1-Bio-inspired protein-based and activatable adhesion aystems, (2023). Advanced Functional

Materials, 2303609,

2-Progress of tissue adhesives based on proteins and synthetic polymers, (2023), Biomaterials

Research, 27:57,

3-Adhesive materials inspired by barnacle underwater adhesion: biological principles and biomimetics
designs, (2022), Frontiers in Bioengineering and Biotechnology, Sec. Bionics and Biomimeticss, Vol.

10

4-Biomimetics polymer adhesives, (2022), ACS Applied Polymer Materials, 4, 4588-4608,
5-Recent progress in polymer hydrogel bioadhesives, (2021), Journal of Polymer Science, 59:1312—-

1337,
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6-Polymer adhesion: seeking new solutions for an old problem, (2021), Macromolecules, 54,
10617-10644

7-Polymeric tissue adhesives, Chemical Reviews, (2021), 121, 18, 11336-11384.

8-Biodegradable polymer hydrogel-based tissue adhesives: A review, (2021), Bio-surface and Bio-
tribology. 7:163-179.

9-Mechanisms and applications of bioinspired underwater/wet adhesives, (2021), Journal of Polymer
Science, 59:2911-2945.

10-Catechol-functionalized hydrogels: biomimetics design, adhesion mechanism, and biomedical
applications, (2020), Chemical Society Reviews.

11-Bioinspired multiscale wet adhesive surfaces: structures and controlled adhesion, (2019), Advanced
Functional Materials.

12-Degradable adhesives for surgery and tissue engineering, (2018), Biomacromolecules.

13-Supramolecular polymer adhesives: advanced materials inspired by nature, (2016), Chemical
Society Reviews, 45, 342,

14-Biological Adhesives, (2016), Second Edition, Andrew M. Smith Editor, Springer International
Publishing Switzerland.

15- Surface treatment of materials for adhesive bonding, Second edition (2014), Sina Ebnesajjad, Cyrus
F. Ebnesajjad,

16-The chemistry and engineering of polymeric hydrogel adhesives for wound closure, (2014),
Chemical Society Reviews.

17-Adhesion and adhesives technology, an introduction, (2012), 3rd Edition.

18-Natural underwater adhesives, (2011), Journal of Polymer Science Part B: Polymer Physics, 49, 757—
771.

19-Biological adhesive systems, from nature to technical and medical application, (2010), Springer-
Verlag/Wien, Printed in Austria.

20-Handbook of Adhesive Technology, (2003), Second Edition, revised and expanded, edited by A. Pizzi,
Universite' de Nancy | Epinal, France, and K. L. Mittal Hopewell Junction, New York, U.S.A.
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Introduction, history, and definitions, inorganic
structures of life, the purpose of
biomineralization

Types of biominerals and their functions
Calcium carbonate, calcium phosphate, silica,
iron oxide, metal sulfides

Nanoparticles and inorganic nanoparticles

General principles of biomineralization
Mineralization originating from biology
Controlled mineralization by biology
Site-directed biomineralization

Control mechanisms

Chemical control of biomineralization
Solubility, supersaturation, nucleation, crystal
growth, crystal growth inhibition, crystal
morphology, polymorphism, phase
transformation
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Organized biomineralization at the boundary
and biomineralization by organic matrix.
Morphology and tectonics of biominerals
Biomineral approach in biomimicry

Principles of Biomimetics that can be learned
from biominerals

Chemistry of materials inspired by biominerals
Concept and strategy

Synthesis in limited reactive spaces

Material synthesis through template-guided
Formation of Biomimetics forms

Crystal tectonics

Growth of mineralized tissues inspired by life
Self-organized formation of hierarchical
structures

Mechanical design and mineralized tissues of
hierarchical materials such as bone

Controlled Biomimetics mineralization of
inorganic materials by polymer
Polyamine-silica system as a biomimetics model
for silica biomineralization

Biomimetics crystallization of calcium carbonate
under insoluble monolayers

The hierarchical structure of mussels and their
Biomimetics materials

Bird eggshell as a model for making new
materials

Model systems for the formation and
dissolution of calcium phosphate minerals
Using ice to mimic mussels

Life-inspired mineralization using hydrophilic
polymers
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1-Stephen Mann, (2002), Biomineralization,. Oxford University Press, USA.
2-Edmund Bauerlein, Jeremy Pickett-Heaps, (2009), Handbook of Biomineralization. Wiley-VCH.




3-Peter Behrens, Edmund Bauerlein, Stephen Mann, (2009), Handbook of Biomineralization:
Biomimetics and Bioinspired Chemistry, Wiley-VCH.

4-Matthias Epple, Edmund Bauerlein, Wolfgang Pompe. (2007), Handbook of Biomineralization (v.3),
Wiley-VCH.

5-Stephen Mann, (1995), Biomimetics Materials chemistry, Wiley-VCH.

6-Challa S. S. R. Kumar, (2010), Biomimetics and Bioinspired Nanomaterials (Nanomaterials for the life
sciences), Wiley-VCH.

7- Joao F. Mano, (2012), Biomimetics Approaches for Biomaterials Development, Wiley-VCH.
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Technology, Innovation, and Entrepreneurship G308 9 5)9ld «5y9Tgs b SLil
Innovative Entrepreneurship Wl9les D

The Importance of Entrepreneurship in Industrial and
Economic Development of the Society

Types of Entrepreneurship

Individual and Enterprise Entrepreneurship

Features of Entrepreneurs

Entrepreneurship at university and entrepreneurial
universities

The Role of Interdisciplinary Studies in
Entrepreneurship Development

Innovation

The concept of Innovation and

Management
Creativity

Technological innovation systems
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Level of technology readiness (TRL) and market
readiness (MRL)

Knowledge Based Companies
Growth Centers

Accelerators

Science and Technology Parks
Start ups

Commercialization

Venture Capital (VC)

Research and Technology Funds

Business models

Marketing Concept (Manufacturer, Distributor, and
Consumer)

Investigating successful entrepreneurs
organizations in Iran and the World
Entrepreneurship in the life sciences
Understanding the areas of entrepreneurship in
biotechnology (industry, environment, agriculture,
medicine, 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 engineering (medical instruments, polymers,
composites, ceramics, implants, tissue engineering,
cellular and cellular therapies, etc.)

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

The role of ethics in the development of science and
entrepreneurship of the country

and

The Role of Scientific Development and
Entrepreneurship Development in Sustainable
Development

Teamwork in the culture of Iran and the World
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1-Mazzarol, T., & Reboud, S. (2017). Entrepreneurship and innovation. Prahran, VIC: Tilde.
2-Barrood, J. C. (2010). Entrepreneurship and innovation: Global insights from 24 leaders. Madison,
NJ: Rothman Institute of Entrepreneurship.
3-Dollinger, M. J. (2008). Entrepreneurship: Strategies and resources. Lombard, Ill: Marsh

Publications.
4-Patzelt, H., & Brenner, T. (2011). Handbook of bioentrepreneurship. New York: Springer.
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Introduction to Molecular Modeling
Introduction to Quantum Mechanics

Ab Initio Calculations:
Hartree-Fock theory
Density function theory
Basis Sets

Semiempirical Methods:

Molecular Mechanics:

Bond Stretching

Bond Bending

Dihedral Motions

Out-of-Plane Angle Potential (Inversion)
Nonbonded Interactions

Coulomb Interactions

Empirical force field models

Modeling of Solvent

Van der Waals
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Electrostatics

Simulations Methods:
Molecular Dynamics Simulation
Monte Carlo simulation

Computational packages:
(NAMD,GROMACS, AMBER, GAMESS ...)

Graphical soft wares:
(VMD, Pymol, Chimera and ...)

Molecular Modelling:
Proteins

Nucleic Acids
Biomembranes
Nanoparticles

Data analysis
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(NAMD,GROMACS, AMBER ,GAMESS ...)
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(VMD, Pymol, Chimera and ...)
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1-Zhou Kun,Bo  Liu, (2022), Molecular

Applications. Elsevier;1st Edition.
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Dynamics  Simulation:  Fundamentals and

2-Snehanshu, Pal., Bankim Chandra Ray. (2020), Molecular Dynamics Simulation of Nanostructured

Materials. CRC Press.

3- Solomon, K. Anand, (2019), Molecular Modelling and Drug Design.. MJP Publishers; 1st edition.
4- Adam Liwo, (2018), Computational Methods to Study the Structure and Dynamics of Biomolecules

and Biomolecular Processes. Springer; 2nd ed.

5- Hinchliffe, Alan. (2011), Molecular Modelling for Beginners. John Wiley & Sons Ltd; 2nd ed.
6- Ramachandran K.l.,, G. Deepa, K. Namboori. (2008), Computational Chemistry and Molecular

Modeling. Springer.
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Introduction to Protein
Biomimetics

Definition and scope of protein engineering
Biomimetics: Mimicking nature's designs

Applications of protein engineering in biomimetics

Engineering and

World of
Relationships
Functional Characteristics of Proteins

Transfer of Genetic Information: From DNA to
Proteins

Amino Acids, Building Blocks of Proteins
Structural Organization of Proteins

Primary Structure

Secondary Structure

Tertiary Structure

Quaternary Structure

Motifs/Super Secondary Structures

Protein Stability

Protein Denaturation, Renaturation and Folding
Energy Landscape

Proteins: Structure-Function
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Structure Determination of Proteins

X-Ray Crystallography

Nuclear Magnetic Resonance Spectroscopy (NMR)
Cryo-Electron Microscopy (Cryo-EM)

Expanding the Synthetic Protein Universe by
Guided Evolutionary Concepts

Directed Evolution

Asexual Methods

Random Mutagenesis

Focused Mutagenesis

Site Saturation Mutagenesis (SSM)
Sexual Methods

Homologous Recombination

In Vitro Homologous Recombination

In Vivo Homologous Recombination

In Vitro Non-homologous Recombination
Methods

Screening and Selection Techniques

Phage Display Systems for Protein Engineering
Cell-Free Display Systems for Protein Engineering

Computational Protocols
Computational Designing of Proteins
Rational Designing of Proteins
Multiple Sequence Alignment (MSA)
Ab Initio Methods

Homology Modeling

Protein Threading

Molecular Force Fields

Modulation of Intrinsic Properties by
Computational Design

Modulating Protein Interactions by Rational and
Computational Design

Nanobiomimetice Applications of Protein
Engineering Methods

Artificial enzymes

Artificial antibodies

Artificial receptors

Industrial applications
Environmental applications
Biomaterial applications
Applications in nanotechnology
Biosensors

Virus engineering
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1- Donald BR. (2023). Algorithms in structural molecular biology. MIT Press.
2- Brian Clegg, (2023). Biomimetics: How Lessons From Nature can Transform Technology. Icon Books

3- Primrose, S.B., (2020). Biomimetics: nature-inspired design and innovation. John Wiley & Sons.
4- Protein Engineering: Methods and Protocols (Methods in Molecular Biology). (2018). Bornscheuer
U.T., Hohne M. Humana Press.

5- Protein Misfolding Diseases: Methods and Protocols (Methods in Molecular Biology). (2018). Gomes
C.M. Humana Press.

6- Recombinant Protein Expression in Mammalian Cells: Methods and Protocols (Methods in Molecular
Biology (2018), Hacker D.L., Humana Press.

7- Protein Engineering Techniques: Gateways to Synthetic Protein Universe, (2017), Poluri K.M., Gulati
K. Springer.

8- Protein Engineering and Design. (2016), Kuhlman B.A., Lewis S.M. Magnum Publishing LLC.

9- Cell-Free Protein Synthesis: Methods and Protocols (Methods in Molecular Biology). (2016).
Alexandrov K., Johnston W.A. Humana Press.

10- Computational Protein Design (Methods in Molecular Biology)llan (2016), S., Humana Press; 1st ed.
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Importance of translational, configurational
entropy of water:

Biological self-assembly processes

Biological ordering processes

Basic concept of entropically driven self-assembly
processes

Theory of integral equations

Solvent crowding

Protein folding

Pressure and cold denaturating of a protein
Modeling water

Roles of potential of mean force in ordering
processes

Potential energy

Molecular machines:

History and overview

General concepts

Devices and machines at the molecular level
Nanoscience and nanotechnology

Biomolecular machines and the brownian -motion
Motor theory

Natural devices and machines

Artificial molecular devices and machines
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Biomolecular machines: 13N 090 s niile
Actin, cell motility dglws Sy ¢ S|
Kinesin-1 1 cpisl
Microtubule dynamics J998 955 Saolios
Proteins and ATP hydrolysis cycle and proton aSya S99 ATP Wa)dud ds-y> 9 b niigy
motive force 0939,
Unidirectional movement of myosin head (S1) along F-Actin b olye® (S1) ¢pigae s 48y G eS,>
F-actin

Insertion and release of a solute into and from a oy SO 51 g U3 o odligds Jo> SO Ll 9 99)9
biopolymer St
Transport of across membrane slie oy )l Jo
Membrane transport proteins slae Jal sl iy
Rotation of central subunit within F1-ATPase F1-ATPase J315 )d (§53Sye dlg Ly
Nano-zippers ) 9
Helicase S
Nano-motors for packaging of viral genome in a S 3 (w9339 0935 (S A Sl Hgige ¢3U
capsid W ouS Juw
RNA polymerase, DNA polymerase and ribosome. 994 9 )l DNA ¢lyesdy RNA
Shredding machines Glad slpuile
Depolymerases, barrelshaped nanoshredders- 9 ﬁg}fT— Sl daSlaw (Sylis-luw gl olajlyeudy (60
exosome and proteasome. £9)9%39
Machines driven by electro-chemical gradients and 09 9 S 6l oigd ol sl (piile
light

lon pumps, bacteriorhodopsin Onew 93992850 ¢392 S
Experimental techniques 2&aoloyl WUT slgvg)
X-ray crystallography oSOl dadol b (31,8 9) b,
Cryo-electron microscopy 9SSy
Optical tweezers g Syl
Magnetic tweezers b liso Syl
AFM AFMG 989,500
Theoretical and computational techniques: 1599 9 lewlxe Slgdigy
Molecular dynamics Jds g0 Saalivs
Brownian dynamics A9lp Swelins
NanoBiomimetics: S ) g3
Artificial design of molecular shuttles and muscles, cMyac 9 J9Sg0 Sla Sli (£90ua0 (b
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1-Pollard, T.D., Earnshaw, W.C., Lippincott-Schwartz, J. and Johnson, G., (2022). Cell biology E-book.
Elsevier Health Sciences.

2- W., Atwood, J. L. (2022).Supramolecular Chemistry. Wiley.

3- Wang, H., & Li, G. (2018). Membrane biophysics: New insights and methods. Singapore: Springer.

4- Ramakrishnan, V. (2018). Gene machine the race to decipher the secrets of the ribosome. London:
Oneworld.

5- Artmann, G. M., Artmann, A., Zhubanova, A. A., & Digel, I. (2018). Biological, Physical and Technical
Basics of Cell Engineering. Singapore: Springer Singapore.

6- Kinoshita, M. (2016). Mechanism of functional expression of the molecular machines. Singapore:
Springer.

7- Credi, A. (2016). Molecular machines and motors. Springer.

8- Stein, W. D., & Litman, T. (2015). Channels, carriers, and pumps an introduction to membrane
transport. London, England: Academic Press.

9- Leake, M. C. (2013). Single-molecule cellular biophysics. Cambridge: Cambridge University Press.

10- Bergethon, P. R., & Hallock, K. (2011). The physical basis of biochemistry solutions manual to the
second edition. New York: (Springer).

11- Jackson, M. B. (2010). Molecular and cellular biophysics. Cambridge: Cambridge Univ. Press.

12- Raicu, V. (2010). Integrated molecular and cellular biophysics. Place of publication not identified:
Springer.
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Practical training for nanostructures synthesis
methods

Practical training (acquaintance) with
nanostructures characterization equipments
(spectrometer and microscopes)

Practical training with Nucleic acid and protein
extraction methods

Nucleic acid and protein analysis methods
(electrophoresis, spectrophotometry...)

Practical training PCR

Practical training Real Time PCR

Microbial culture and gene cloning
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1-Thota, S., & Crans, D. C. (Eds.). (2018). Metal nanoparticles: synthesis and applications in
pharmaceutical sciences. John Wiley & Sons.
2-Abdullaeva, Z. (2017). Synthesis of Nanoparticles and Nanomaterials. Springer, Cham, Switzerland.
3-Brown, T.A. (2016). Gene Cloning and DNA Analysis: An Introduction, 7th Edition, Wiley-Blackwell
4-Glick, B.R., J. J. Pasternak, and C. L. Patten. (2010). Molecular biotechnology: principles and
applications of recombinant DNA. 4th edition. ASM Press.
5-Primrose, S.B., R. Twyman. (2006). Principles of Gene Manipulation and Genomics, 7th Edition, Wiley-
Blackwell
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Definition of tissue engineering and 00 (i 9 CL (udige Liuyas

regenerative medicine

Scaffolds in tissue engineering

Synthesis and preparation of scaffolds
Bioreactors in tissue engineering

Degradation of scaffolds in tissue engineering
Application of stem cells in tissue engineering
Biocompatibility in tissue engineering

Clinical application of tissue engineering( Liver,
Kidney, nerve tissue , heart tissues engineering)
Wound healing in tissue engineering
Introducing and visiting of companies and
research centers active in tissue engineering

and cell therapy
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1- Blitterswijk, C.V., Boer, J.D. (2022). Tissue Engineering. Third Edition. Elsevier.

2- Bhubaneswar, J. (2022). Biomimetics biomaterials for tissue regeneration and drug delivery.
Institute of Life Sciences, , India. Mamoni Dash.

3-Sakuma, K. ed., (2018). Muscle Cell and Tissue: Current Status of Research Field. BoD—Books on

Demand.

4-Liu, S., (2016). Bioprocess engineering: kinetics, sustainability, and reactor design. Elsevier.

5-Bronzino, J.D. and Peterson, D.R., (2016). Tissue engineering and artificial organs. CRC press.

6-Bronzino, J.D. and Peterson, D.R., (2015). The Biomedical Engineering Handbook: Four Volume Set.
CRC Press.

7-Lanza, R., Langer, R., & Vacanti, J. P. (2011). Principles of tissue engineering. Academic press.

8-lkada, Y., (2011). Tissue engineering: fundamentals and applications (Vol. 8). Elsevier.
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The basis and mechanism of cancer (neoplasia -
tumor naming - epidemiology of cancer, cancer
stem cells)

The basis and mechanism of cancer (Tumor-
angiogenesis repressive oncogenes and genes
and methastasis)

The basis and mechanism of hemathological
malignancies

The molecular basis of transplantation (blood
transplantation and organ transplantation)

The production of blood cells and the basis and
mechanism of hemophilia and multiple myeloma
Molecular basis of cancer treatment

Molecular pathology of hemoglobin and
hemoglobinopathies caused by gene mutations
The basis and mechanism of thalassemia
Endocrine and metabolic diseases-Molecular
mechanism and specific indexes of insulin
activity and diabetes type 1 and 2

Endocrine and metabolism - growth factor,
thyroid hormone receptors, steroid receptors
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Animal models for studying endocrine diseases
Molecular  basis  and mechanism of
neurodegenerative diseases — 1 (Alzheimer's -
Parkinson-Huntington-Duchess - multiple
sclerosis)

Animal models for studying neural system
diseases

Hereditary metabolic disorders: glycogen
storage diseases

Hereditary metabolic disorders: metabolic
diseases of amino acids

Hereditary metabolic disorders: lipid rescue
diseases

The basis and molecular mechanisms of
cardiovascular diseases

Infective disease
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1- Carlberg, C., Velleuer, E., Molnar, F. (2023). Molecular Medicine, How Science Works. Springer press.

2-William B. Coleman, Gregory J. Tsongalis, (2019). Diagnostic Molecular Pathology: A Guide to

Applied Molecular Testing 1st Edition.

3-Molecular Pathology, (2017). 2nd Edition, William Coleman Gregory Tsongalis, Elsevier.
4-Jens Kurreck, CY Aaron Stein, February (2016). Molecular Medicine: An Introduction, Wiley
5-Trent, R.J. (2012). Molecular Medicine, 4th Edition, Elsevier,

6-Das, Undurti N. (2011). Molecular Basis of Health and Disease, Springer.
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https://link.springer.com/book/10.1007/978-3-031-27133-5#author-0-0
https://link.springer.com/book/10.1007/978-3-031-27133-5#author-0-1
https://link.springer.com/book/10.1007/978-3-031-27133-5#author-0-2
https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&text=William+B.+Coleman&search-alias=books&field-author=William+B.+Coleman&sort=relevancerank
https://www.amazon.com/s/ref=dp_byline_sr_book_2?ie=UTF8&text=Gregory+J.+Tsongalis&search-alias=books&field-author=Gregory+J.+Tsongalis&sort=relevancerank
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3AJens+Kurreck
https://www.wiley.com/en-us/search?pq=%7Crelevance%7Cauthor%3ACy+Aaron+Stein
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Introduction and history: : Aol cdedde
Bioactive and bioresponsive materials Sl ey 9 Jlad o) 3lge

The first generation of biomaterials: bioneutral
materials

The second generation of biomaterials: Biomimetics,
bioactive and bioresponsive materials

The third generation: imitation of natural bioactive

and bioresponsive substances

Principles of biomimicry and bioactivity:

Structural and mechanical functions in biomaterials
(bones and teeth), hierarchical structure of
biomaterials, compatibility of biomaterials,
extracellular matrix, Biomimetics of extracellular
matrix materials, Biomimetics of cell membrane
components, Biomimetics of cell signaling pathways

Structure and function of hard tissue:

Definition of hard tissue, articular cartilage, bone
tissue, bone tissue structure (bone as a
nanostructured composite (organic phase: collagen
nanofibers and non-collagen proteins, inorganic
phase, hydroxyapatite nanocrystals, bone
microstructure and macrostructure), mechanical
properties of bone, Bone mineralization, continuous
renewal of bone structure (osteoblasts, osteocytes
and osteoclasts), cells participating in bone
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homeostasis, bone-forming proteins, bone tissue
function, bone composition structure and its effect on
mechanical function), dental tissue (tissue structure
tooth, tooth formation)

Structure and function of soft tissue:

Definition of soft tissue, mucosal tissues, skin
(structure and function, repair, restoration and
renewal), muscle tissue (skeletal muscles, fine

muscles, cardiac muscles), joint tissues, integrated
repair of orthopedic soft tissues based on nanofibers,
nerve tissues

An overview of regenerative medicine (biological and
molecular bases of regenerative medicine), stem cells
and tissue development, cell therapy, etc.

Bioceramics, bioactive materials and surface analysis:
History, calcium phosphate biomaterials, biostable
ceramics, bioactive and resorbable ceramics (glasses
and glass ceramics, calcium phosphate, surface
analysis of biomaterials, new trends in the integration
of bioactive materials and their resorption), learning
from life To design calcium phosphate Biomimetics
materials, learning from life to prepare microlenses

Biomimetics coating (Biomimetics nanoapatites on
bioceramics):

Introduction (Biomimetics nanoapatites and active zite
ceramics, Biomimetics nanoapatites for biological
nanoceramics), simulated physiological solutions for
Biomimetics processes, Biomimetics crystallization
methods, calcium phosphate bioceramics for
Biomimetics crystallization of nanoapatites (bone-
tissue response to bioceramics) calcium phosphates,
interfacial events between calcium phosphate
bioceramics and the biological environment, physico-
chemical events in calcium phosphate bioceramics
during the Biomimetics process), new Biomimetics
coating technologies (Biomimetics nanoceramics on
hydroxyapatites and apatite-based bioceramics,
Biphasic calcium phosphates (BCPs), Biomimetics
nanoceramics on bioactive glasses, biopatterning
(biomimicry) in organic-mineral compounds

Polysaccharide-based materials for medical
applications
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Biomaterials based on macromolecules obtained
from the extracellular matrix

Collagen-based materials for regenerative medicine
Surfaces with different degrees of super-wettability
for medical applications
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1-Najman, S., Miti¢, V., Groth, T., Barbeck, M., Chen, P. Y., Sun, Z., & Randjelovi¢, B. (2023). Bioceramics,
biomimetic and other compatible materials features for medical applications. Springer Nature.

2- Primrose, S. B. (2020). Biomimetics: nature-inspired design and innovation. John Wiley & Sons.

3-Noh, I. (2018). Biomimetic medical materials: from nanotechnology to 3D bioprinting. (Vol. 1064).
Springer.

4- Ramalingam, M., Wang, X., Chen, G. P., Ma, P., & Cui, F. Z. (2013). Biomimetic: Advancing
Nanobiomaterials and Tissue Engineering. Biomedical Science, Engineering and Technology, John
Wiley & Sons Ltd.

5- Mano JF, (2013), Biomimetics approaches for biomaterials development. John Wiley & Sons.

6-Santin M, Phillips GJ, editors. (2012), Biomimetics, bioresponsive, and bioactive materials: An
introduction to integrating materials with tissues. John Wiley & Sons.

7- Puleo DA, Bizios R, (2009), Biological interactions on materials surfaces: understanding and
controlling protein, cell, and tissue responses. New York, NY, USA, Springer.

8- Vallet-Regi M, Arcos D, Navarrete DA. (2008), Biomimetics nanoceramics in clinical use: from
materials to applications. Royal Society of Chemistry.

9- Webster TJ. (2007). Nanotechnology for the regeneration of hard and soft tissues. World Scientific.
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Biomimetics materials and coatings to enhance
tissue formation:

Biodegradable polymers

Bioactive ceramics

Composites
Nanofibrils for tissue engineering
Bio-apatites in bone and teeth and bio-

mineralization

Carbon nanostructures inspired from life

Carbon nanotubes and osteoblast adhesion on
nanomaterials

Surface modification of implants

Mimic nanobiome scaffolds and stem cells in tissue
engineering:

Fabrication of Biomimetics scaffolds with
nanostructured architecture and investigation of
cell growth and proliferation

Electrospinning to produce extracellular matrix-like
fibers

Stem cells in tissue engineering and integration of
tissue and biomaterials
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Biomimicry strategies for nanoscale control of cell
behavior:

Cell interaction with nanophase materials and the
role of proteins
Biomimetics integrin
increase cell adhesion
Ligands and protein motifs derived from the
extracellular matrix

Biomimetics approaches in skin and nerve tissue
engineering

Biomimetics strategies of life in drug delivery and
gene delivery

surface engineering to
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1-Najman, S., Miti¢, V., Groth, T., Barbeck, M., Chen, P. Y., Sun, Z., & Randjelovi¢, B (2023).
Bioceramics, biomimetic and other compatible materials features for medical applications. Springer

Nature.

2- Primrose, S. B. (2020). Biomimetics: nature-inspired design and innovation. John Wiley & Sons.
3-Noh, I. (2018). Biomimetic medical materials: from nanotechnology to 3D bioprinting. (Vol. 1064).

.Springer

4- Ramalingam, M., Wang, X., Chen, G. P., Ma, P., & Cui, F. Z. (2013).Biomimetic: Advancing
Nanobiomaterials and Tissue Engineering. Biomedical Science, Engineering and Technology, John

Wiley & Sons Ltd.

5- Ruys, Andrew J. (2013). Biomimetics biomaterials, structure and applications, A volume in
Woodhead Publishing Series in Biomaterial, Elsevier.
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An introduction to life from a genetic point of view
The concept and relationship of genotype and
phenotype, the effect of environment and genetics
on the form, behavior and function of living
organisms

Gene structure and genome organization in
prokaryotes and eukaryotes (comparison of
genomes, gene density, gene families),
chromosome structure, nuclear genome structure
and function, plastids and mitochondria

Regulatory mechanisms gene replication,
transcription and translation processes in
prokaryotes and eukaryotes,

Cell cycle, molecular mechanism of control,
signaling pathways, relationship between cell cycle
and cancer and...

Developmental genetics (overview of
gametogenesis and fertilization, importance of cell
division, migration, differentiation and cell death
programming in development, different
transcription factors and their role in the process of
cell development)

Structure, function and different types of
transposons (LTR, IS, replicative, compound
transposons, etc.), genomic defense and control of
transposons

Gene expression
(transcription regulation,

regulation mechanisms
post-translational
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regulation, environmental response) and gene |l ow (e eadai) OF Ole eadas S ewie
expression analysis techniques 0 Ole BT BLSLSS 9 (dass 4 Fruly cdazys
RNA world, structure and function of RNA (circRNA,
mMiRNA, IncRNA, snRNA, snoRNA, siRNA)

Epigenetics, concept, nature of epigenetic changes, | circRNA) RNA 3Ske 9 ,tsle (RNA slis

epigenome, importance of epigenetics (siRNA ¢miRNA, IncRNA, snRNA, snoRNA «
Genetic model organisms (introduction, 055 g ¢ SWis) Q) Olads Cudle (pgghn (S5 gl
characteristics and genomic structure) S gl el
Genetic engineering in prokaryotic and eukaryotic (9 obslw g L@_“fj_gg (§m0) SWi) Jde Gildgge

systems (design process, techniques and
application in prokaryotic and eukaryotic systems) G965 9 d90ban Sleiugw yo S (gwdige

Methods of making changes in the genetic code et )3 3 5§ LSLES (b wwl)d)
structure and targeted mutagenesis (39059 9 352589,
Concept, design and application of nucleic acid and | 3} Ogawlige 9§35 a8 Hlisbuo 5o i sl Sl a9
peptide chimera molecules SVPERY
Designing various types of functional molecules, 9 Sl dnl 0 Slad s 90 3,08 9 (2o cpggie
DNAI, Abzyme, DNAzyme, siRNA and...
Personalized medicine, concept, methods and <Abzyme (DNAi 38 sladsge glgl ()b
applications ...9 SiRNA <DNAzyme
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1-Cohn, R., Scherer, S., & Hamosh, A. (2023). Thompson & Thompson Genetics and Genomics in
Medicine E-Book. Elsevier Health Sciences..

2- Strachan, T., & Lucassen, A. (2022). Genetics and genomics in medicine. 2nd Edition CRC Press.

3- Brown TA. (2020). Gene cloning and DNA analysis: an introduction. John Wiley & Sons.

4- Brooker, R. J. (2018). Genetics: Analysis & Principles, 6th Edn New York. NY: McGraw-Hill Science.

5- Alberts B. (2017). Molecular biology of the cell. Garland science.

6- Wolpert L, Tickle C, Arias AM. (2015). Principles of development. Oxford University Press, USA.

7- Sanes D, Reh TA, Harris WA, Landgraf M. (2011). Development of the Nervous System. Academic
Press.

8- Klug, W. S., Cummings, M. R., Spencer, C. A., Palladino, M. A., & Ward, S. M. (2009). Concepts of
genetics (Vol. 9). Pearson.
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An introduction to the genetics of eukaryotes with a
focus on humans

Human genome, the implementation process of the
genome project, the achievements of the genome
project and the introduction of complementary
projects such as ENCODE, HAPMAP

The structure and organization of the human genome,
the details of the structure of chromosomes, the
classification of the sequences in the genome and the
mitochondrial genome

Genetic basis of diseases, monogenic diseases (such as
thalassemia, hemophilia, Duchenne  muscular
dystrophy), congenital metabolic defects
(phenylketonuria), neurogenetic diseases (such as
Alzheimer's, Parkinson's, multiple sclerosis), complex
multigenic diseases (atherosclerosis and diabetes),
diseases caused by triplet repeats (such as
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Huntington's, muscular
dystrophy)

Treatment of genetic diseases, gene therapy and
treatment methods of genetic diseases

The basics of cancer, an overview of cell cycle settings,
the difference between cancer cells and normal cells,
tumor classification (benign, malignant, carcinoma,
sarcoma), tumor grading (Grading and Staging).
Oncogenes, types of oncogenes, effective mechanisms
in the activation of proto-oncogenes, tumor
suppressor genes and their investigation strategies
Targeted cancer treatments, production, isolation,
analysis and application of exosomes

Prenatal diagnosis and screening, types of diagnostic
methods and prenatal genetic screening, techniques
of chromosomal studies in prenatal diagnosis

Omics sciences (genomics and epigenomics, etc.),
definitions, applications, databases, methods, analysis
and applications with an emphasis on the human
genome, high-performance biological information
collection and analysis systems (RNA seq, DNA
Microarray and ...)

Systems biology, concept, application, gene, protein
and metabolic networks (definition, structure and
function of networks) with the aim of recognizing and
treating genetic diseases

Molecular genetic methods in medical diagnosis (PCR
types, SNP fingerprinting, etc.)

New and up-to-date topics in genetics

Fragile X syndrome,
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1- Ning, K. (Ed.). (2023). Methodologies of multi-omics data integration and data mining: techniques

and applications. Springer Nature.

2- Turnpenny PD, Ellard S, Cleaver R. (2020). Emery's elements of medical genetics E-Book. Elsevier

Health Sciences.

3- Fior R, Zilhdo R. (2019). Molecular and cell biology of cancer. Springer International Publishing.
4- Strachan T, Read A. (2018). Human molecular genetics. Garland Science.




5- Voit E. A. (2017). First course in systems biology. Garland Science.

6- Low LW, Tammi MT, (2017). Bioinformatics: a practical handbook of next generation sequencing and
its applications.

7- Ross DW. (2013). Introduction to molecular medicine. Springer Science & Business Media.
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Water and solutions ko g Of
Thermodynamics and physical chemistry of solutions L glxe Sond pnds 9 Suoliudgays

Physical and chemical structure of water

Hydrophilic and hydrophobic characteristics of lipids:
Hydrocarbon solubility

Micelles and its application in biomimicry

Artificial membranes:

Monolayers

Double layers

Liposomes

Dendrosomes

Polymorphism and lipid phases and its application in
biomimicry

Molecular and bioelectric nature of biological systems:

Structure and dynamics of biological membranes:
Different models of cell membranes

Cell membrane components

Principles of membrane organization and stability
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How lipids are distributed in the membrane and the
effect of their structure on membrane arrangements
Molecular movements in the membrane and membrane
fluidity

Structure and function of membrane proteins
Application of membrane proteins in biomimicry
Diffusion and Fick’s laws:

Simple diffusion mechanism, facilitated diffusion and
active transport

Electrofusion, osmosis, osmotic balance and Donnan law
Selective permeability in biological membranes,
selectivity and specificity of biological membranes and its
application in biomimicry

The role of voltage-sensitive carriers and channels

Electrical properties of biological membranes:

The nature and amount of membrane surface charges
Relationship between membrane potential and cell
activities

Zeta and electrochemical potentials based on Nernst,
Goldman and Donan equations

Membrane potentials and how to measure them

Methods of making and studying biological membranes:
Construction of double-layer artificial membrane
Langmuir

Clamp voltage

Atomic force microscope

FRAP microscope

Computational methods

Molecular dynamics simulation

Brownian dynamics

Application of Biomimetics membranes
Nanotechnology of Biomimetics membranes
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1- Rickbed Nandi & Company, (2023), Structural Biology of Membrane Proteins.

2- Donev R. (2022), Membrane Proteins. Academic Press.

3- Vincent L. G. Postis, Adrian Goldman. Humana. (2021). Biophysics of Membrane Proteins: Methods
and Protocols.

4- Ridgway, N., R. (2021), McLeod Biochemistry of Lipids, Lipoproteins and Membranes. Elsevier
Science.

5- Harvey Lodish, Arnold Berk, Chris A. Kaiser, Monty Krieger, Anthony Bretscher, Hidde Ploegh,
Kelsey C. Martin, Michael Yaffe, Angelika Amon. W. H. Freeman, (2021). Molecular Cell Biology.
CRC press.

6- Monifa A.V. Fahie. Humana. (2020), Nanopore Technology: Methods and Protocols. Talor and
Francis press.

7- Sandra Persiani, (2019), Biomimeticss of Motion: Nature-Inspired Parameters and Schemes for
Kinetic Design. Springer.

8- Bassereau P., (2018), Physics of Biological Membranes. Springer.

9- Goran Pohl, Werner Nachtigall, (2015), Biomimeticss for Architecture & Design: Nature - Analogies
— Technology. Springer.
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membranes. CRC Press. 2014.
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Introduction oo 65U p Sl dodie
Regression: 1O gawS)
Linear regression >
Multiple linear regression PEEgYS
Overfitting ovlaye 3
Regularization Sl elaie
Statistical 3
Evaluation: 10ui S0k s il TS L))
Validation S Hlas!
Cross — validation Dbl svw Hlacl
Model selection Jde Ol
Feature selection She bl
Classification: HURVIRE-A)
Probabilistic classifiers Sl sla guis diws
Decision theory Ol (595
Discriminative and generative W 9 jlulde Jloixl i diwd
Discriminant functions: 1) wld algl )l oolaiel b Sy ddnb
Fisher linear discriminant (FLD) Snd Jas jlwlas
Support vector machine and kernel it 9 Oleailin Hloy (nislo




Neural network

Decision tree:
Entropy and information gain
ID3 algorithm
Stop growing a decision tree

Instance-based machine learning:
Non-parametric density estimation
K-Nearest neighbors

@4496&45&&“

Ipreal Sy

Gledlbl oy 9 3947
ID3 p@)jﬁl

M CS)d L)y u.éy"

idiged y (e S2800 S ugy
Srehb e J8s (e
dlinad (pAS355-K(S A diwd

Locally weighted linear regression e )l g Ja> owjfj
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Dimensionally reduction sl sl
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1. Prasenjit Chatterjee, Morteza Yazdani, Francisco Ferndndez-Navarro, Javier Pérez-Rodriguez,
(2023), Machine Learning Algorithms and Applications in Engineering. CRC Press.
2. Chen Qu; Hanchao Liu. (2023). Machine Learning in Molecular Sciences. Springer International

Publishing

3. Chopra, Deepti;Khurana, Roopal, (2023), Introduction to Machine Learning with Python.

Bentham Science Publishers.

4. Nilanjan Dey, Surekha Borra , Amira Salah Ashour, Fugian Shi, (2022). Machine Learning in Bio-
Signal Analysis and Diagnostic Imaging. Academic Press.

1151 S 3L g0 DIl 9 Ol jagemi «ilog ko (&
S als LES San e NS

159 il b ol B (o g Sl (&
o e g (sl 09 SISl 4 5L
1S (W9 I (G4l F g (Sl g Dl (&

B S NE 205 o op (S5 pa  e03




