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Application and benefits of cell cultures

uJ,J—IL.'_..'_S'l'J....-bzA jl.l!amlf

Design and work ifstructions in cell culture
b §

oo 225 L5l 0 P el y 2l @

Equipment and facilities of cell culture
laboratory im!ud"ng laminar hood -
incubator-centrifuge-microscopes)

apn Jobd Syl a8 ool Sl 5 Shpgms @
(o oSy S oy i 3ty il = o

Safety and control of the risk factors in the
cell culture laboratory

ot 2t o] 0 s Lilge S 5 tl

Primary and contintous cell eultures
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Methods of improving cultivation condition

ctf bl S s gla 2y, @

Cell culture medium (basic medium,
buffering system, s%rum and antibiotics)
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Freezing of cell linqs
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Cell  identity iﬁl’iﬁcﬂtiﬂﬂ techniques
including cliromosome-karyotyping-enzyme
activity-antigens inT!ices and PCR
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PCR- 53 2l
Cell culture medium  contamination - | -5 5 b SU oyl - Jpbo St dae (slyTogl @
bacterial and fungal contamination - i 3
mycoplasma-virus infection- o ey oSl 73]
decontamination.
MTT assay MTT aglagl ®

of fibjoblasts and pupils with
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culture medium and culture room SuAF Gl § sty
# Cell culture of fibpoblasts and pupils with Cotlagpesd Joloo o135 5085 4 5448

culture medium and culfure room
»  Cell counting with neobar lam JUPCHPS I PIRg Y I S B
* Introduction and |fundamentals of plamt el et oy LIS 5 dedie
biology
* The principles of lab designing and | cil cots o oo e Shgad y slftilssl >k Jye!
equipment for plant|tissue culture Le
* Plant culture media components and (il solel g aLF ¥ Lasua clil

preparation

Explant preparation, callus, repeneration and
morphopenesis

Fishose g ik sorslls wigad ) (sjlo eslel

Contamination and| control in plant culture
media

st i a3 ] 5 g (ol gl

Different plant cultures (micropropagation,
callus culture, cell] suspension culture and
protoplast, ovule nrrd ovary culture, embryo
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culture) (g i Sl WSaid
»  Tissue culture and plant genetic engineering Lol KB iige y il n8

» Secondary  metdbolites and  drug | caf b g ag)b Sl s apl iyl aly
25.compounds prqduction by plant cell Le
culture (e e
» large scale cultures of plant cell and tissue PN B RS L 00 P PN
* Bioreactors for |production of plant w2if st Ater ols ol
metabolites
» Fermenters for microbial culture NPT SURONCL S TCT IRt
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‘ » Introduction dsdis @
*  Definition of biosensor I T
fl  + History LS Geif
«  Classification of biosensors by s 17
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» Performance factors ORI L | -
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*  Reproducibility R “";"r _
» Sensitivity range S\
s Accuracy gl 3 Gl 328 0
* Response and recovery time i -
» working lifetime Sl g gl ol ¢
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+ Antibodies > o5l
» Nucleic acids e T
*  Aptamers Sl gl
. Esm mal-efmls (PRSI
= Microorganisms B,
|+ Mitochondria Savfr b Al lac
| * Molecular imprinted polymer oifalil y o
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*  Transducer LWas e
*  Electrochemistry i
. o Potentipmetry ""J". s
| o Voltammetry $yopmdiy O .
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m o Field effect transistors P 1 - P CRPR
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nce measurement
plasmon resonance (SPR)
fiber biosensors
metric interference

Py
Luminescence devices

*  (Calorimetric bimfsors
Ebammes

* Quartz crystal micr
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Applications
* Food/Water safety

*  Clinical diagnostics
* Environmental monjitoring
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o Introduction

» Traditional drug delivery systems

Jolaza gty JlE els bl @ |

e Controlled drug delivery|systems

gl JUz 128 ols Ll @

® Polymeric systems in drup delivery wilia)ls 15 g rals slaalaly @ |
|

® Dendrimers and hydrogel systems in drug Heaypls o e J5as0um g la e als @

delivery

e Inorganic systems in drug delivery Sl o gane ol sl @

® Liposomal systems in drixg delivery
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® Niosomal systems in druj delivery
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oThe methods for measuring drug loading and
release from nanostructures
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eintroduction and concepts of descriptive
Statistics;

* Types of datn
Probability distribution
Confidence interva
Sampling and size of sample
Statistic significantidifference
Theory of hypothesis testing
P value and confidence interval
Student-t-test
Chi-square test
Normality test
Standard deviation & standard error and
their calculating bylexcel software
+  Test of homogeneity of variances
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* Analysis of varianct (ANOVA) by one
of the folowing so include: SPSS
SAS, Minitab , R, Design Expert

SPSS ,SAS, slelila il 5 5t ealizat ly il ly 3UT @
Minitab , R, Design Expert

» Mean comparison test by Dunnett,
Duncan, Tukey, Scheffe, Bonferroni,
Mann—Whitney methods into sofwares
(SPSS ,SAS, Minitab, R)
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SPSS ,SAS, Minitab, R, sl 133l o5 51 S 5heatisal U slizyy
Design Expert

Diagram desinging|and statistical
reports
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« Correlation and regression analysis by
software
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*_Optimization methqds in bioprocesses
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* Molecular forces in biplogical structures o) sl o Sy slay,s @
« The Coulomb potential aredsS oy, @
» Electrostatic epergy =
* Charge—dipolé interactions S sl
» Induced dipolés by =)l ke Sl @
» Cation-r interactions wtldll slo phaiys @
« Dispersion forces MoosS A oy ®
= Hydrophobic forces R
* Hydration forces i
*  Hydrogen bonds #S Al glagys ®
¢ Stabilizing forces in proteins Ope—bilocn slag s o
* Stabilizing forces in nucleic acids Slased sla wyr @
» Lipid bilayers fand membrane proteins
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* Water and polar interactions PPN~ T PO e B
+ Physical properties of water

| B S R

* Overview of the imp:l)rtance of water for the ) il
living matter state s 8l a5l ol coal 3 laa it ®
|+ ThepH pH*
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» Conformations of madromolecules

* Protein structure

*  Protein folding

*  Deoxyribonucleic acid and ribonucleic acid
(DNA and RNA) structure

*  Determination of 3D macromolecules
structure

o Nuclear magnetic resonance (NMR)

o X-Ray crystallography
o Cryo-electrop microscopy (Cryo-EM)

o JySlpegSle slajiisls @
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(RNA , DNA)
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» Cell membrane: structure and physical properties
*  Membrane structure
*  Chemical composition of the plasma
membrane
Spatial architecture|of the plasma membrane
Surface charges
Origin 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 ofjdiffusfon
o Simple diffusipn through membranes
o Determination of membrane
o Permeability membrane
o Potential energy profile
* (Osmosis and osmotic pressure
o van't Hoff Laws
o Deviations from van't Hoff Laws
o Osmotic pressufe of biological liquids
o Permeation without channels
« Facilitated transpo
Channel-medinted transport
Carrier-mediated transport
Main characteristics of facilitated transport
Energy barriers 'and channel properties
Forces inside an ion channel
ctive ion mmspml
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» [on permeation and membrane potential

o Neurons
o Vertebrate skeletal muscle

Nemst potentials
Donnan polentials
Membrane potentials of cells

A membrane perméable to Na* and K*

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

Transporters and potentials

Surface charge and |membrane potentials
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* Cytoskeleton orlSlels o
* Biopolymers of the|cytoskeleton T I R 1’“ .
»  Tubulin BERRRESE )
*  Microtubules oelug *
= Actin filaments s JyrglgSas *
* Actin binding proteins ol .
* Intermediate filaments 2 | i 4 i
* Anisotropic elastic I|::-r\t:|]:n:‘:rti=5 of microtubules O sans Lt gls o255, 0
*  Centrioles, basal bodies, cilia and flagella bdgse (gls a2, »
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» Cell nucleus and chromosomes @

Nuclear chromatin, lchromosomes, nuclear
lamina
Chromatin/chromosomes
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» Mitochondria and proton pumps: energy
generation and utilizal}nn in the cell
* cell energetics: chloroplasts and mitochondria
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* The cell as a machine e e R el T T
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1- Wang, H,, & Li, G.|(2018). Membrane Biophysics: New Insights and Methods. Singapore: Springer.
2- ALLEWELL, N. M. (2016). Molecular biophysics for the life sciences. Place of publication not

identified: SPRINGER-VERLAG NEW YORK.
Stein

apdon, England: Academic Press,
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W. D., & Ljtman, T. (2015). Channels, carriers, and pumps an introduction to membrane |




4- Liang, S., & Borondo, F. (2015). Methods in molecular biophysics: Structure, dynamics, function.
London: Koros Press.

5- Bialek, W. 8. (2012). Biophysics: Searching for principles, Princeton: Princeton University Press,

6- Jackson, M. B. [Eﬂfﬂ}. Molecular and cellular biophysics. Cambridge: Cambridge Univ. Press.

7- Raicu, V. (2010). Integrated molecular and cellular biophysics. Place of publication not identified:

Springer.




Sl g 68008 b oud digy sleztiy y glgdt lolitt
9o 3 Frne slatetTy  edign 5 (b oged b LT
P gl y (ol (sliday b (Denovo sy o sletatsyy (S5eS g ogoni b olisl-d

obd putige (slgtedigy 8)8las 5 F8)03l g8 P
SiP Pl )0 (el (owidine oo, l57 L LLaTY

OB, en 103 (o)l pli
Protein Engineering : )5 oead8il ol

S wsly g
)k )0 g
bz slat,

.:JLJG:IJJ.:«S;

lg2atip 3 Shoe 5 sl by Ll

(s ':‘L-'Ir oy e

PO

[ o 3"'1

PP IE AT

Protein engineering: past, present, and future
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Weorld

of proteins:  structure-function

relationship

Functional characteristics of proteinsssssss
e Transfer of genetic information: from DNA
to proteins  °
* Amino acids, buildipg blocks of proteins
o Structural m‘gﬂni?ﬂtllﬂl'l of proteins

o]
8]
Q
o
Q

Primary structure

Secondary slruciture

Tertiary structu
rui':u re

Quaternary st
Motifs/super seéunda:y structures

» Protein stability

# Protein denaturation, renaturation and
folding energy landscape

* Structure determination of proteins

=

X-Ray crystallobraphy

o Nuclear magnetic resonance

spectroscopy (NMR)

o Cryo-glectron microscopy (Cryo-EM)
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Expanding the synthetic protein universe by
guided evolutionary concepts

*  Directed evolutiof

* Asexual methods

* Random mutagengsis

*  Focused mutagengsis
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: g::us;tﬂ:r:io;d? tagenesis (SSM) (SSM)l glsd pslign  *
* Homologous recombination s by
* In vitro homologdus recombination Q9fad oSy 0
* Invivo homologous recombination (ke 1) 3509 ol pSad asS i @
* In vitro non-homol inati : T
mm; ks non-homologous recombination R b
» Screening and selection techniques 4ieh 8 faali oS Gyl slig,
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Phage display wstem# for protein engineering

CreTap saige sl il el 2

Cell-free  display

-free systems for protein OVC SRR LT P FUR 11 ) 1 WP PR PSR
engineering
. Cnmputaiiunnl protocols e O P P < PR
Computational dﬁlgnmg of proteins o g g
= Rational desagnlng of pmtemps e s od
*  Multiple sequenca alignment (MSA) b el siba (b
*  Ab Initio methods oy 2 Gileilipe
' Ham?lugy mu‘de! ng B P PORCT
* Protein threading — .
* Molecular force flelds s i
* Modulation of [intrinsic properties by Saop oatiyy,  *
computational design Wy sy slihias *
*  Modulating protein interactions by rational shife o] ,h BT b ol e Wyle e
and computational design oo vl o —
R R L
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* Enzyme engineering mil gdige @
* Biotechnological and|biomedical applications | iy wscpe 543y K55 ) g (SolphpiSpm a5 @
of protein engineering|methods oA e
Industrial applications s
Environmentallapplications it glhag J5 o

Biomaterial applications
Applications in nanotechnology
Biosensors rl

Virus engineering

Biomedical applications
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De novo designing of proteins
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¢ Gene and genome analysis P Iv T ACE e
»  The overall look at a'genome structure and function po) 8 8as g 5l & Jeal ol
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« Introduction of biological databanks e et o T B
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= Variation within and between species at point of genomes

*  Natural selection at the molecular level STy e 5 casle H,::; .
‘ *  Phylogenetic analysi | RERTST NAPPT R |
Il + Whole genome comparisons PRI R |
I- = Gene and motif prediction B R ol e T
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*  Analysis of pene expression
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= Identification of regulatory sequences and promoter SRNA L et g8 Sagi;  *
»  Functional genomics{ RNA sequencing and transcriplome fiyien St 7]
analysis e R R SR TR

*  Genome mapping and assembly




Protein design
Achievements and challenges in computational

protein design

Owerview of drotein structure prediction

Protein structure comparison and classification
Empirical force fields

Computation of protein geometry and its
applications: packing and function prediction
Local structure prediction of proteins

Protein contact map prediction

Homology modeling of protein structure
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* A brief history of|the theories of tight
*  Wave-particle duality theory of tight
*  The electromagnetic spectrum
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o Physical basis
Applications of absprption spectroscopy
o Nanomaterials
o Proteins
o Mucleic acids
Fluorescence spectroscopy
*  Physical basislof fluorescence
*  Applications of fluorescence
©  Nanomaterials

o Proteins

Fourier transform nfrared spectroscopy
Spectroscopic techniques using polarized
light HI
+ Polarized light
= Ellips
*  Chirality in piomolecules
«  Circular dichroism (CD)
o Proieins
o ANucleic acids
Nuclear magnetie resonance (NMR)
spectroscopy
Physical basis of NMR spectroscopy
The chemical shift
Spin coupling in NMR
Measurement of NMR spectra
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Introduction
= History
*  Various scales of the transport phenomena
* Introducing the tagr’angian and euleriani
coordinates
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* Reynolds transport theory jalstyy Jdaozd ¢
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«  Types of mass
»  Diffusion

o Trapsfer in cell membrane
o Actjve transport
o Passive transport
* Equations gnvanﬁnE mass transfer
General boundary conditions
Steady- mass diffusion without
chemical reaction
Steady-state mass diffusion with
chemical reaction
Applied biological example
Un- steady-state mass diffusion
* The interaction of mass transfer and
biochemical reactio
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Molecular diagnastics
Immunological diagnostic procedures (ELISA)
Monoclonal antibodies
Fluorescent, biofluorescent and
‘ bioluminescent Sysiems
Microbial biosenso
Colored fluorescent proteins
Nucleic acid diagnostic systems
Hybridization probfs 346
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DNA fingerprinting
PCR and real-time PCR
Automated DNA mimlysis and sequencing
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