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Detecting Genetically Modified Foods"
GMO Plants

Flavr Savr tomato

® the first commercially grown
genetically engineered food
grantcd a license for human
consumption

¢ Produced by the Californian
company Calgene 1992

® Sold in 1994, and was only
available for a few years
before production ceased
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Genetic modified cow

*Transgenic cows carrying
two types of cassiene genes

*Results in 13% more milk
proteine

*A bovine growth hormone
used In cows to increase
milk production

Genetically modified organisms are
called transgenic organisms.

TRANSGENIC ANIMALS

T Mice — used to study human
immune system

2. Chickens — more resistant to
infections

O Cows — increase milk supply
and leaner meat

4. Goats, sheep and pi -
roduce human pro elns in
heir milk
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Genentech developed synthetic 4 '
humanized insulin ‘

- Genentech announced making production ofi¢
engineered human insulin in 1978

« In 1978 Genentech developed synthetic humanized
insulin by joining synthetic gene with a plasmid vector
inserted into the bacterium Escherichia coli. With many
technology-based companies having casual dress
including Genentech.

= 1982 Human insulin becomes the first recombinant
medicine to be approved for use in the USA; the drug is
marketed by the pharmaceutical company Eli Lilly under
license from Genentech.
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Anticipated benefits of
pharmacogenomics

Pharmacogenomics has the
potential to provide tailored
drug therapy based on
genetically determined
variation in effectiveness
and side effects.

More powerful medicines

Better, safer drugs the first
time

More accurate methods of

determining appropriate
drug dosages

TRADITIONA

_lal] Normal

fh

Drug toxic but
beneficial

Drug NOT toxic and
NOT beneficial

Patient group “
\ & /
A / : !
‘Jﬁ Same diagnosis,

Drug toxic but
NOT beneficial

AR

e

|
Drug NOT toxic
and beneficial

same prescription

] Response Altered
. Response
Jci] Cautionary
Response %
| P 1 No
Toxlc I Response
Response

|

laaay ol disee 408 ) L cps JA9) Tase e aciad Gene therapy  dauall daleadl v/

_ TREATMENT:

Same Presctiptlon
and Standard Dose
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ADA deficiency: The First clinical Trial

®September 14, 1990 @ NIH, French Anderson and R. Michael Blaese perform
the first gene therapy trial.

-Ashanti (4 year old girl)

Her lymphocytes were gene-altered (~10°) ex vivo > used as a vehicle for gene
introduction using a retrovirus vector to carry ADA gene (billions of
reftroviruses used).

~Cynthia (9 year old girl) treated in same year

@®Problem: WRBC are short-lived, therefore treatment must be repeated
regularly.

Effective method: treatment of stem cells from
umbilical cord blood in infants

Culver, Anderson, and
Blaese with gene
therapy patients.
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Recombinant DNA Technology

Prestrees

* A gene must be isolated
and well characterized
before it can be used in
genetic manipulations.

* One method of isolating
and amplifying DNA of
interest is to clone the
gene by inserting it into a
DNA molecule that serves
as a vehicle or a vector.

* When cells divide, the

recombinant DNA will be
reproduced.

Plasmid ¢himers
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Phenol-chloroform extraction protocol

2: Add 500ul Lysis 4: Add 900ul chloroform
solution A

Invert to mix 3 Incubate @ 65°C for Vortex S: Add 200ul
» 6min+invertto mix  * = precipitation solution
B + Vortex

2 ml tube
8: Add Iml of 100%
I: Mix whole blood then pipette 350ul cthanol
8: Centrifuge @ max Invert $o mis 6: Centrifuge @ max
<+—— spead for S min e e Ty <*—  speed tor 5-10 min
Until a precipitate

appears
9: Callect pellet - tilt tube

+ pour solution

B

0: Add Imlof
70% cthanol » MH:Centrifuge @ > > 13: Centrifuge @

max speed for 2 min 12: Pour off the ethanol max speed for I min

7: Transfer aqucous layer
into 2ml tube

15: Resuspend pellet
with 150ul &dH.O
16: Label tube + stare . 14: Dry the pellet in

@ -2 =*C the oven for 5 min

Incubate @ 65°C for 5 min
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What are restriction enzymes?

= Molecular scissors that cut double stranded
DNA molecules at specific points.

= Found naturally in a wide variety of
prokaryotes

= An important tool for manipulating DNA.

Al g e Al deliall 3_jalh (e Gl 5 Latie 1962 ale dia cilay 531 o8 o (o yaiil)
pabaat Gasha e @l laldlly ol ) afil jall <OISTdga) 50 A E.colie 4 sl sl 480 i)
50l Gl 33V o S dae Tl Aai 3 el oda g'iijj cCOISY odgd A ol Balal) u AT
el G asmd Clay 1Y) o3 adl all (555l paeall U axe Cuw Wl DNAJN ahad e
A Als je (A Aglend) 028 Gy adadll adl ge (b Gusl] (arad dile de sene A8laly Jialy jsad
Ayl delio pia Ao 2@l ey 33l Jand L 5 cailan Jal (e DNA Jle s ja caelial dlasl
900 s A doas Lt S 220 (e SN &35 1970 ale 5 pe J5Y Lelao A1 48 jea 23 S84
A ) Lelea a0 Ailoa cililbaiall s adadll e L pasl T 5 il 5391 o2 apaii o3 28] g il
AN
ey 31 o3 Lo ji s DNAJ (s ad Lol sie adailly o 55 ) ey 390 a1 J¥) Jaall) @
5000-1000 s s 55 Alusal aa) 5 eladl o A 52 3all Jusdladl adgy a5 a3 adaill adl 5o b
Jeadl (e g5 3 g AT Al Baa) 5 Al adaaty Waey Tas a5 5ilSs
ae ) 5255 Cusy Restrictions Sites s33sa @l sa & adali oy il oo 1 AU haall) o
&8sl IS 8 aleny adadll oy il sty colia) 2ie DNAJ blail (e Jaai JS3 adaill (g dana
o Al a8l gall 238 d2e iy g il Sl e d2ad 20ae AU Jial Al g Lgale o ety )
AT Y DNA Laai e s AT ) e o 33l (00 Ll oyl
Q@M\@M\QM&E&Q@}T@;&J&\M\ o

¢ il cilay 3 Jee Taia sala

rl S A2 (e allly s DNA I es o ol o8 dpnlul) as 5l GaansSY) (a siie 258 5K ey
GinnSY) Gagiia gl ga (s SN ook S -

sl ol -

A gm andl JSE] i g Ao gana I a g Ja 5 (A S A e ) (0l pebd JS dasi
: Sl (A 8 mia 0 58 WS Nucleotide 8 ISl oo X3 45 ja

https://www.aspu.edu.sy/ ol Gadoedd lao Jod 16



https://www.aspu.edu.sy/

Ao\l puill aoln ¢

| Nitrogenous
o base
(adenine)
Phosphate
group OH H

Sugar
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Restriction Enzymes: EcoRI

-

= EcoRI (*“Echo R one™) is a
commonly used enzyme. It
was the first (one)
restriction enzyme isolated
from the ““R” strain of E.
coli. It demonstrates the
usual type recognition site, a
palindrome (the same on
both strands, reading in
opposite directions) EcoRI
leaves a four base, 57
overhang, sticky end.

5.

Sequence is symmetrical
about the center point

Point of

cleavage
v
5 rrrrrrrrTo ¥
ML B
CTTAAG
3 5
" .
Point of
cleavage
Digest with
EcoRI1
- 5’ rrrrror--3
G AATTC
" and I
CTTAA G
a5’ ke o .o 5°
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EcoRI
x
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31 1 C T T AAIGI 1 5

Sticky ends
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Agihad) cpall Jie 53 ( Complementary DNA) cCDNA sl ouSe s dilee

cDNA from a Polyadenylated mRNA

Poly(A) tait
mANA By SRR ARA 3
" Anneal oligo(dT) primer
5 e 3
1t 5

_ Reverse transcriptase,
:::!NN‘A-complex dmﬁ“. s
mRANA 57 AREARL 3
ety R TP SR z
Annealing BRAaase 7o :
Reverse transcription %"&3 N kot T .'Z’;.;_,';",;.:..’E::é‘..
RnaseH degradation H ' A synthesis

DNA
DNA polymerase 1 _ | PMmewer
DNA ligase LTI BHOIH nihesises o

¢
:
:

DNA ligase
5 : ‘;?'mua' DNA #r ts joined
3 L1111 5 by DNA ligase
Dekabie~ gty —————m 3
stranded Sudiiiiii sliissiiiiisiiiiTyyTYS. 5
cDNA

scld g s el o 4S Y O o Judusi 48 e (Sl (0 prasal jualall cill 3o
e ol 5 Ll cpall syl 430840 mans Las (WWW.NCbi.Nih.gov) NCBI <yl
Gliall sllaaly o688 Al g Gene machine synthesizer <liall daiba ZSWll ey
ol Aicigall 3 3ea Yl 038 s & ey ¢ gl ) dysllaad) sl Juded JA3) 25
faal 5 Tas) 5 o ISl 2 JOA (e i) qiaty Jeliill & ) 5 juall Cad) oI Aliaiall
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Qo IS Jla 3 kol ) paad sl Je s Alaud 535 530 Cisgl) el e Jsemnll (S @
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(Polymerase Chain Reaction) PCR (Aedadll ) jasl gal) Jolds

[ In vivo ( &dall) s sall il 2 4 In vitro sl 3 DNA JES) 5 PCRJ}

& o 5 (S JSS DNAJ 45150 salall ddeliaay 40al) o 585 (5 slall aludaV) dolec Jd
s bl 1000 A Adeliad) s ol de ju @l 5 gl B4 elad Dl sl plai dsa
< DNA g dabadll ooy iy dygaall A&l Jlae A skl ae 5 cdglilly
O A « DNAJ &S dicline e a5 4@ 5l 48 5k e | giay off eladall @l i) ol
sballl 8 Jisi 330 e Jias) 1985 ale & Dr. Kerry Mullis ol sa S allall Jia 53
¢) »)s Escherichia coli LyiSs (s 35ale 3 el ay 33l alasial e aqiad 438 1) (1993 ale
are LanY) e 4l 2 el I GLud) aal e ¢ sail 3 DNAA Caelias cililee
ZEY) 8 Ao pull g DNA Ay aSaill 5 (Aalall () o suall alaill e Walaie

055 Y DNAJ (e 32350 dakidd Amplification adaai 4l PCRY Jeld iy jai Koy
(PCR product) PCR iies Jeléill o il cens bl 53 500 3535 Tan nS el sh
PCR- Joli cilylhaia

Primer | (reverse)

Primer Il ( forward)

DNA template

Taqg DNA polymerase

MgcCli2

Deoxyribonucleotide triphosphate (dNTP)
PCR buffer

Deionized water

Lgapduzai o lhaal) dsbaidll e 5 5y 31 ( DNA templete) DNAJ lé o

Al ALB cOlll e Bjbe A5 Primers (Clwipall e jaall) ol e
3 el dakaiall dilgiy Ay 8 A5 3V ) ae LY e 338 Oligonucleotides
JS Ly Reverse ~Sc AVl s Forward — elel Laaaal ool ) zlisi g clgaioas
Ay tlaall dahiall ilube Cil ki e uSlaia s Jiliie JS Legia

Gasiyi aaly jsae Jsa ciebime gila IS opiile Gilul (e DNA I s ia callsy

o oY) Jag pd ALY A5 55V Gun) Gn deal Aragas el gy o) jsus e Leguann

A goaa Jayl ) GO ) Sl ae (il sall o i (A=T) Gl sone (sl Gaall

Ofiluludl (gaaY 574 Ll el (ol uSlatia IS5 (43l 5 DNA ) il (5S35 (G =C)

s pand) Leguand iaaia Gyl 0S5 LS ¢ (5 AY) Abulull 3748 Hlal) 4leill Alla ) 5SS

LR ALl 8 calag ISl a3 aaay Giludall (saa) 8 Clas sl cagi 3
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Nitrogenous bases:

3 5’ mm Adenine
’ ==X Thymine

- Base pair

Sugar-
phosphate
backbone

i clieay ciliald) 5aai O Gy aba e Teling

o) Al e 750 g Gusindl 5 ol gad) A3V Gand) e W) gine Jo Y O oy v
DNAJ iluds 8 Ll dadiall Gaull a5 81 Lehalsi )l 058y ia @l g LeaS 55 8 Ala)
Lo Ul LaS A gy ol 55 00 () sl e Jai sl ()5S

L el GO e 46l Dol Lgue o0 3885 Gy Taa B meal ol &8 Y o ey V0
Ll s Y O g S dan S o giaall A LelaSa e Lghalal Jlaia) ¢ sSos Sia ACC
@l WS (5 AT dga s ol piie Ao Lo Lad f L33 o 55l ¥ (S Taa ALk
O5ST casiall 8 Lo ALl dulull ddalias Jlaia) J8 LS Zaald) Al 8 4355 3Y1 )
ot e (sl el Lt 5 oSy Ll il (a5 (531 bl 40-15 (e Bale cliall
DNAJI

PCR primers are short, single stranded DNA molecules (15-40 bp), They are
manufactured commercially and can be ordered to match any DNA sequence

ila) Gash e et o sllaal) dakiall gy (3 a5V 58 polymerase soeld) w3l o
el a8 deall e 8 56 o en s Aeaiall Aludidl cliyg A5 5531 sl
daii yall
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C-Jm& Al i) pladiul (555 pall e GAl Aadi ja 3 ) a Gila )3 ey PCRA el o!\
Zeual ‘;\ﬂ\_u Allad) 3 ) jaldl il 2 ‘Eg Zesaii polymerase Cilay ) ?‘1”“‘ ‘Lﬁ)‘)g\ ) Eiay)
5 ) @QU,.\S\ ?:‘S‘ﬁ = 1976 ple uaﬁi’...u\ Taq polymerase (“i)"\ ¢ Jelal) ‘_g sailall dasae
L5 8075 Bl s da ) dakliidad L& 05Ul s jiies 5 aquaticus Thermus
\ zJ\)gl\I\éJauaésﬁum&muaﬁ.g}j

Lend) s 8 Lgasi 55 e 3Y) Said « d NTP oSV G siiie i gl 4500 o lSil) o

DNAJ (e i sllal) dakiall gouss dules oL

dGTP
dATP
Formula: G, H,,N.O.P, (Anicn)
Formulia Weight: 487.18 (Anion)

Formua: C_H,,N,O, P, (Anion)
Formuia Weight: 503.18 (Anion)

[lmv ga® G A
o 2:0;\“ mm -!w:\z SH.E C,HN.O,P, tAnion)
':':: 0,25 ml ﬁ 2‘:""“"' 'Zm Formula Weight: 478.15 (Anior) .
IY1YT ¥ 3.2.8. “C®
‘ I ‘ Ty 95 959 \(@3}3 @
| / iy

@

Saldl Zulae Cigaal Falial) Zdl a3 (BUffer) sl Jslal o
polymerase ¥ Cofactor aic dee 58 5 MgCly o2 jixall 25K o

Cilagi 1Sl ae Taq polymerase sl ge <ol ae DNAJ Gl = 30 by s ol &
PCR Jelii ¢ ja) sy i 38 5is canis MgClys Buffer s d NTP GuanSY) daa siie
Jeldll 3 ) a Gla Hy oSa% Jlea e 3ke a5 :Thermocyclerg s syt g aladinly
o (Y Badaa At ) el gy (Sl g sl JS 51 all Aan aid 5 ad g a sk Cua 38y S
PCRY Jeléi 3 S8 gle 585 (531 (ulal) 58 30 all 4a
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PCR I Jel&i b 42
reh Ja) pa 0l Bas) gl B gall Cpanati
: Denaturation il

A (Raeliae dluls) (5551l praeall 4y B 4l Jyoad s DNA ) Fludis G i 5 )0l

(33 Dl ) A3 A

LeSlal (& Clealill auca 5 g a5 ¢ Ay 53a 60-50 O 50 a 42 o : Annealing bl o
e Al Qe pe Lehals 5l s DNA ) ilulss e de il

O yaal) DNA_\\G\SMJ“GHuL@_\SeuJM}u72 DJ\J;AAJJ.‘

5 : Elongation Alsiny) e

325 oladYL duliall il l<il) ALals Taq polymerase ml asis Cua

Cycle 1 /’"

[
Ll

0 |
L L]

S
—-——
| —

et
o] (Y i

I
Ll

98°C ‘ Step 1: Denaturation

I8 0 R O (R A 0 T

00 I I T T

50 - 60°C ‘ Step 2: Annealing

TITETTTEETETTTTITTITIETI TN
HESSENG W

124 o ol R 165 o IS (O S 1 ) £

72°C ‘ Step 3: Extension

IR I R R O 0% 06 0 I I

HEANES NSRS R A

1. Denaturation: Heated above the
melting point of the two
complementary strands of the
template DNA, which allows the
strands to separate.

2. Annealing: The temperature is
lowered which allows the primers to
bind to the specific and
complementary DNA sequence to be
amplified.

3. Extension: The DNA polymerase is
able to extend the primers by adding
nucleotides to the developing DNA
strand.

PEEF LR D ey ]
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e Aaliall ) al) da 5o 2aad DA (e el g 23 a5 el 5 Gl i) A HY) G
S Al o ol JS 5 Aaniiunal sl Jolis s g o stlaal) Ailaial Jusdos JUas) o

45 60-50 O ) 530 s 4a ) o3 Annealing )

DNA ) i (e 488 S e Jganll gy 350 40- 25 O ALl ol pall 5 S5 @

Denature DNA

PCR Optimization
/ , Bind primers/ Extend primers

94.0°C | 94.0°C /
05:00 01:00 Q 72.0°C 72.0°C < Finish
AL o 06:00 any

02:00

s 01:00
E products
15.0°C
5 z
1 (1x) 2 40x) 3 (1x) 4 (1x) .
To ensure L L ¢ gl )1 L f Hold until
all DNA is ready to
denatured remove
Time
\* from
Initial Main PCR Final Final
denaturation cycles extension hold thermal
cycler
Repeat this
40 times

Y PCR Jelii 553 JS ol 2 ey base DINAS ¢ha Ay slhaal) Aihaial) 48hial) ot o
5,93 A9 DNA (10 43 16 () 2% (& Axilgdl) Aafiil) () g Jo L (ya dayl 1) 3500
Y5 (DNAJ (e 4 290 milill (65 40 35530 s da @l jlle 4 o 232 @il 068 32
aad Jeliil) iy ey Loy &N 550l 8 (S Al (< e 3 V) @l sall 8 sl o S

Nucleotides
(ACGT)

@

Al dadiall e 3

dthicycle
Taqg Polymerase =€dc}tle —
Euffer e
—_— 2N Cycle
Prlmers target gene - — " —
Template DNA T t——
— —q-'-"'"-=
— e —
15t cycle
. template DNA — —
= =
— e E—
Yo———
2|= 22=

?oopies 4 copies Scopies 16 copies
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PCR- g5l

(s 4l 3 okall g as Ji i le 525 g2l PCR @

) Tasd) i e g 6l 138 258 5 Real Time PCR 2 Jbaial 5 :RT PCR o
s adall gl aaatl ey Jadige 05 ulall sl Jlea oF e RN (Sl
Gl 35a 5 o Gl ading s (DNA ) sl praeall g 232l Lgiall Ll &5 ey Jelail
Y 5 sl cpall dsa s aaail gl il e Jeaw Lea ¢ Iy ypaail daiia 3 a4 )
FERT PCR 48k Jaad 5 csaasall 41 all ol 5all Zles ) Jsaasll 05 Cal) 40aS
Al A e yedat ) lailll 6 8 e (5 el il any (salall PCR ) Ly 40dd
Sl JSED 8 i ge 58 LS PCR I cilaiial il S0 ¢pSa

Expected (correct) PCR amplicon size was 1000-1100 bp [ Gel separation Of PCR pdeU ts

(The size of each productisindicated)

....................................

DNA  iSubject  Subjct
lacder A B
~

Total Length DNA Marker 2 Kb
Mass = 0.3 pg/pL

Volume of Marker loaded = 15 pL
Volume of Sample loaded = 20 pL

2000 LE | B B @&
1500 — e £va
a0 d
1000~ —
800 — — 303 30
= E¢? 20
500 - — £0.3
300" Ew g
2007 k 2%
100 — = - 54 100
-

\ D,
PCR ) cligls aa
Lgies 43,5l s DNA 55l (laeadl Gyl Jlae 8 5 3 Cilidad PCR 4yl

G5l anall b A V1 Gun) adli aaas

el ey 33 ae A8 gia zuadl Cpal) il S 8 Aaladiul

DNA 5l pacall J gl 48 jaa

sy o g_pl) Guia g £ 5h 2aad (B GV o A8kl sda s g il e Sl

(&) .. Ased) i c laie V) GV A gal) Jlial ) e ) bl Jlae

Sladall 5 ial e ¥ ) seda Ji Loy cpbiad) s cplalall 28 € 4550 5l (al 1Y) e aiS)

Jaall U cpiall die Lgie aiKY S

5 2l e Ldlan) ol all cpall S5 o 68 Cun DNA) il ddee 8 ) 4@l o
Canadll (DNA ) 5551 (aasl)
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Gsdlall DNA I o Jpandl bawdll cradas Gaall Jay ) ol S
el ae Gaall Al U dadi 5 (S al a3 Guily enSUl 5 Gl @dad oy O e
(sl e Jasi 0 0y sanal) 5 Cppail) qa Ja yy (aaYT) Abiial) ) 3208 (385 dpansSLll A )
O Y 4l Aldn gl a5l JiSi sale ] 305k e DNAJ o (g oy )ll Aol S5
e phaad e i Al Ligases ol cilay il dasd g2 (y slaia (pai S
slaar) gl €l adadl) g Aa U el I3 DNAJ adad Jay ) e 43 )08 ety J Y1 Jaadl)
L A 31 gl i3 DNAJ o s ) sale) e Jeny (A Jaadl)

sdlall DNAS 43 8 alad) fasal)
a9 208 oy 330 Ada) g2 DNAJ e cplida cpiyja pdad o
Aajl Gilga o) pdab JSE5 @
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DNA from

Restriction enzyme
another source

:i:uﬁlll\\qep ;f / \
.Iy,‘%' izi;.g"_ Ef%i ﬁz%gr?%l, |
Vo

Sticky end

DA e 9

Sticky end

Recombinant DNA Ligation
(I AATT 8 I\ I
TTAA
\'|p ‘ 11159/

AU 5 palaall gl
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Canall SN L il e
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e Luall Cila sus ga 5 S ¢ Sl 5 5S1)

Ibie) Lelihual 48435 23 3 DNAJ) s : Recombinant DNA wséladl DNAY e
DNAJ ) 43 sile saa 5 48 a0 5Si Leghary ay jaaall Jidline ST 1 DNA (i o
( Clones i) g dslaze Capaall (4Kl 8 Cacliatin a5 ( vector Jill+ aaddll

Host dinae LA Y Gsdlall sandlll Jas) 4lee 8 ¢ Transformation sssill e
O kg Ml <E.coli Jie daasisall LAY g1l aalsale (&8 )5 Llia cells
Bpandll Caeliat alilsy dua i jal) LAl Caelial JS () s oanh IS Lelals 8 Julisy
< salall

Gene cloning () Jawdl

Jomanll g Goal) el (e 308 G goieald ddee a8l e Giads cpall A5l Load ey

Adal @l gladll ealy ga g Apmplall A Lple diast o) (S miiall (e S0 S e

Leliatt se yall cpall J3e

!

G sile DNA @ s Galadl (She aendly) aulie Jib Gaca gaall Lay

!

transformation _sssill Aleay Capcaall paa o gilall arenSUll JIA0)

!

Capaall A Gosdlad) aendld) J s ol
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Gene Amplification by PCR Vector cleaved with same RE

Amplified Gene cleaved with specific RE

Mixing of prepared Gene and Vector

l

Ligation

Transformation (transferring of vector to Test bacteria e.g. E. coli)

l

Testing the transformed Bacteria

bl s sl Gl J3= @

SN e 58 el ) e (s i 3 DNAJ U (b ol Qi gl 3 (A 5Y1 5 5adl)
PCR  Ludall 5l yradd gl Joli ddas oo Lomsdomi oy Ug yae cpall Juast IS Jla g (o
el ) Gl 3l e Gapall Judis UL s38 Ganali O cangs dpe s clialy aladiuly
Al s sha ¢ pddiidl aeudWl multiple cloning site *axxiall Juil) ddhia (o Lo jLal
Lai (e Restriction enzyme cislie * a0 ay 33 ddaud 5 Ly Jasaall Judecll (e () g Ul o3y
Stick 4 @lled e Jgpanll Jile JS4 adadll 5 & Susy Restriction endonucleases
& Ly e il Gl Lﬁd\;i oy oSl e Judist e 8 e R Glledll 538 5 ends
2l o 3l ey el 55 AIDNA
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multiple cloning site MCS *aaa%iall Jyusiil) dalaia

Sl Bae Jay s daiall daig) (3l dapial oF il sl (e el Julded e 5 le A

o Lan pandl) Lpnand 3 ) slae il by 51 (e 2323 La\& Reestriction sites i ol sal

Aane 4815 oY Jaiil) Aglee Jguny Lan clgiann adai g al gall o2 o (o yaii o iy 3531 22¢]

Restriction enzymes *uill Cilay 53l
Leaili g Culag sl€03 8 of 65l 4 (e Bale Jﬁﬁsqmcﬁ\y‘; DNA- ol @MQL@}T‘;A
EcoR | il a 3 Jie Ao s il Claagl) s Lewds e g lall Al S adil all (e 3 15K &) il
GAATTC Jedecll e (o yaty o ny adaiy 52
codle DNA &45a (3lad (Sa pauwdl) e JBU G Gl by @
L) b s Al Gl Gl o J gl denSll 5 Gaall ¢ USBY @il g 3l il pladial oy
Ly st ) Ligase b)) mdl ddaul s 2Dl s insert  (Adaal) dasial gaall e S
Dl o Juanil JiuY) 4005 Al 5 dal 5 ) JiS8 YA (e Lgany e A 31 Aaliial) gl
e ) dawti dglee 3 aadial) 3andl (5 siag Of i « Recombinant Plasmid < sl
138 ol je (2 DNA ) (e Jah sas) g dadad Jaoy s aodiosall 2@l oy 55 2al 5 Ca%ad a5
DNAY (e ki (ge ST 380 o g asa (30 L D) oo
Bacterial DNA Plasmids

@ A/ECORI

DMAto be
ingered

EcoRI

EcoRl"

DMA s cut with
EcoRl at arrowws.

Inserting a DNA Sample into a Plasmid
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What is the origin of replication?

It (also called the replication origin) is a particular sequence in a genome at
which replication is initiated.

What happens first at each origin of replication?

DNA replication may proceed from this point bidirectional or
unidirectional.

the specific structure of the replication origin varies somewhat from species
to species, but all share some common characteristics such as high AT
content. The replication origin binds the pre-replication complex, a protein
complex that recognizes, unwinds and begins to copy DNA.

Origin of
replication
Pol € :

Pol 6

Leading | lLagging

Fork movement Fork movement
< - — _— >

strand i strand

w

Lagging Leading

, strand i strand
|

(s 4day )5 Axgial o5 e dulid a1 Multiple Cloning Site siall Jawiil) adga o
ahd gl o gsing 2l cla il ge glal s Ji e ade Gaaill S el
MCS @l sda amys 2l eyl e uall restriction or cleavage site
ddaa Ay 58 all Cpall JAy) alaw a8l 138 85 Polyliker 51 (multiple) cloning sites
Insert dase cpa Y Jeniill ddee Jons Las

i MULTIPLE CLONING SITE

= Many cloning vectors contain a
multiple cloning site or
polylinker: a DNA segment with
several unique sites for
restriction endo- nucleases
located next to each other

= Restriction sites of the polylinker
are not present anywhere else in
the plasmid.

= Cutting plasmids with one of the
restriction enzymes that
recognize a site in the polylinker
does not disrupt any of the
essential features of the vector

BamHI
Hind 11l
Sal |
EcoRlI
Smal
Sph |
Xba |
Kpn |
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Selectable marker \\\ \

a gene (antibiotic resistance)
when expressed on plasmid will
allow host cells to survive

Aultiple Cloning Site (MSC) also called
Polylinkeris a short segment of DNA which
contains many (up to ~20) restriction sites

— lac promoter
y Promoter is a short DNA sequence
which enhances expression of
adjacent gene

Ori origin of replication is a particular
sequence where replicationis
initiated
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Basic Features of a Cosmid
EcoRI
Cos site KEY
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F - recombinant site
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L osle 8 X-gal o 35SOUL dgnd 33 o8 5 IPTG (e allii : X-gal* 558

(o il Syl Ll Jaaf () el ) Cpn (S5 Ay Sl 03

lacZAMI S

Competent E. coli Culture with X-Gal+IPTG

+ R
R ©_> © @ ————> White colonies
S

insert within lacZ

~
4 — O———) O @ —> Blue colonies
e,

Plasmid  Foreign DNA insert outside lacZ

vector 3
N O 5 O @ ———> Blue colonies
J
no insert
Ligation Transformation Screening
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Bacteria with the plasmid and DMNA
of interest inserted in the LacL gene

Flate with antibiotic
and laceZ inducer
in medium

Bacteria with plasmid
live and multiply

Bacternia without
plasmid fail to grow

JENEY) 5 jualaal) cugiti)
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recombinant Pharmaceutical protein production

STy Ol duasd ) L g8y Gl 4y gdile cilaiia (A palald) gl 8 A0 gl 4 gaY) alina
sl sl g Slitg il G b gl L) Al g ) iYL Ll

* Most protein pharmaceuticals today are
recombinant products

— Cheaper, safer, abundant supply

Recombinant Cell

s I

! M vy
XL

Protein
Analysis

Small Scale
Cell Culture (1L)

p skl dal e ABG ) qpdlal) G g ) L) Addes and

dgyuantll Aa jal) o

Upstream processing 4lg¥) dallaall s 0 o

Downstream processing 4l dallaall ddas 0 o

4y yuanil) A pall 1 Y

JE Al )y (e Teay g all Aaiall A0 5Y) Ll & juzaadl) Clilaall apes s yall 28 ol
hasin) 5 gllaall gl 2 e g5 daumall Il Gailiad dul Gl aadil)
sl gl e ) el diaca e o) sl Jil jacaail G silall DNAJ Gl
Al 32) Ael 3l dagph apmy 3 heme la Lyl 8 Lge ) 5 Al LIAN jy5ai X
(pasisall sl aUaill gail el Ja gyl

e Alale 8 4y ageall o i ) Ghliadl s ciligus) (e Gl die gual) Calls
Blee amy adl Cagmall ey DLguSY) (o a5 3a e e (Bhlie a5 g ) (g vl
A5k Jies Ol (e de sanae ) osn aundy aalhll MRNA SR 45 sall Ll
JsY) e b Adla) &y @S Splicing s ssinaill o dlee & i €Y Jay 55 i 5 yuY)
VBl palay A malll MRNA - JSE 5 gl (8 onlsall e 485 3 4l &
Gl o 3a i (g3l (gl g bl 5 dan il dlae Tt (S A )l bl e Jai al LawsSly i)
il ) (e all L ciliall O (L) (o 5l Cililay LA 8 255 Y A6 s el wses ) «
ikl MRNA dallee LA oda adatns Y UL 5 Jadd
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O Teay (sl cilily (e ddpeadl LAY (¢ 65 Laie ) glady) dis disgl) gaal) judan oy v/
Sia o stlaall gl i A LAY 8 3 sa sall 5 A lhaal) Gually Galall sl MRNA
ISy o8 5 4aniit Al LIAN (g T N G gdll) (gl ol guadY) (g ga ) & 58
s o RT-PCR Jel alasiulyy ¢y Sl 3 Guila a3 s AL LA a5 o2k
By 5 ouSall gaall a3l alasiuly (Complementary DNA) cDNA Y mRNA
aladiuly Loy 8l A CDNA (e Jyand) alis « CDNA/RNA Crnd e Jranié ipse
RNA oo alaill aay iy ) el 0 DNA a3 5 ( Reverses Forward) e s <oy
idussha 8« CDNA (e ol e @l bile e Joanid RNase @l 3l (saa) ddabu
JS Al g st G Alie a0 Cilag il 2123350 (CDNA) Aediaal) 808l e adad oy
dadaty 5 uiall 2l o 33 adde (o iy Adapter e pald dudus e daaly

AAA RNA

31 Primer
Reverse

Transcription

=—————————————————— |
— INPNEN cDNA

| S—
PCR 1
V ‘7 1 Amplified
S — | DNA
Amplification>\_

285 e 3l JL adad YA e ) pantl) JBU G Ay gllaal) ABadll 43 ga JA9) oy v
b el Graddioal e 3V uii L s MCS Lagile o el dilaia (yaia (flakay puilins
Al Lﬁmj &_IJ.\:)LA dﬁhé&; Sl Ligase J:,L) e:\_).t\ ddass o LG L@_La.\_)?ﬁ:\&ﬂ\ FERWA(]
(ORF ¢! &l Jlae L 33) JALN ez 48030 (s je ol ladl 0 ga g ane (e aSTAl 4l
S O sl Ay (B s ) g5 8 )y PCR Jelas el

Ol LY addiud 1) LAY o g Aiad) AB0A)) s o ualial) LY LA ey

flagi GAI gala (81 (g il cililia B Jary JBU ) L iSl) (8 Jany JBU Lol ity g

& oY) aae A 3e e Julad 35355 promoter pavasall dauh s Lagin (ol G O

& sil) cilsin LAY 3 i sl 2Ly Alexioad) Jil 5l Jla

TATA Gsvia Jie Cpall J8 3353 50 45 00 COLalud (e 3le 4 promoter yasasal)

Ol Jadl) Zluis¥) (e A 55 (55 ( TATA box)

F L LA 8 Jend 3l Cliananall () 5K
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(A stadl Bl o2 el il g 58 Lelaad B ) gl Ciliacans) dpug b 3
sl cbiida LAY A Jead Al cladasal) (g

Simian virus ebgmw\wjﬁﬂ\dﬁ)auwjﬁéumﬁjsv4oum .
40

Cytomegalovirus us sl (e sana oyl Gaass 8 s CMViasaas o

908 e paasa 5 (Elongation Factor-1a) EF-1o pasasae o

, MCS Regions Shown Below |

CMYV promoter hGH polyA

SVa0 origin
11 origin

PBR322 origin

Pl B Jaad AN Clladaaall e
Lac operon promoter JsiS>U) Gsomsl paana e
T3 sT7 (bacteriophage) Wl Cliaasa o
, MICS Regions Shown Below

1 origin

plasiuls Transformation psadl) (085 dolesy Adpdaal) A (B gadilal) JBL) JUB) o3y v/

(L) LA 8 33 ) (Al seSl il ol el sl eliall ae adii ol s aladin)
X-gal 338 e (s sing S da Javy (5 9a0 Bkl 8 LAY ¢ ) b Al 3kl A
s\l lee o 8 JAUI 3R] A UDIAD L pali Cun ol jaxinse QS8 (g gn Slay
e Y Alaad 5okl Lol ey cogaladl JE 5 a3 ) @) yesinall Selection
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Blue-white screening ¢, — sban dl 2l cxi5 Colonies screening <l jeaivual)
(slbandl @l jaxinsall) G salall Jall) @3 Al B sl @ pentead) ) (e WK S
(BN ) paniaall) ¢ ) S (5 5a% ) il jaminnall

3 B-galactosidase ~ 3 i o2 5 Lac Operons <l se (e 3al5 4 Lac-Z ) 5l
s 5 1aC-Z sl e o i) ey 5 MCS it gl ge o S50 S i
3 SN an Ml 5 B-galactosidase ayl oo e ¥ Lgild Lgadad daiin & ) gall o2a Jalans
JEUl AT LA s3a o S Laa sliay < janiusall () 55 5 Lol ade dagii slian X-gal
< sl

> a5 53 B-galactosidase a il Lediivg Laxie Jaxi anl g sl Amia s S 8 5 X-gal
Go)) ais) daie e ¢lua Lac-Z 4,54l

Host Cells 4dxaall LAY

O o) e ) aad 4 g A salall il gyl 2UEY 4 g abiaeS Azl LAY aladia) &
gy SMie duailiad s slhall ) sal) g ) aaad Tad g la a2y Ay siladl) jpeil) dakf
W 518wty liis y am e WS Ll g Alad raad S Aan i) ey Jaasd Alead Zlind iy
2 A Lalai¥) ddsaall LAY acai cdglall Jals Lis g a0 4dall & ja

EBES

B yradl)

Gl ydall LA

Cilpail) WA

Ul 553 saall colilall g ) gaal)

o A 4 G WA 5 ELcoli 4w o 8l 4S5 iy b i

S e ) ol sl (e a puadl SIS Canat Al <l e g Sl Canaall dalasf anis
<y Eaaldl J81 il aladin) A ) a8 AW 6 giaall ¢ el Aand s Jay
Jaxa (0 %30 A cadisall Gig ) U 350 e Jemy O (S Ml 5 4 58l Ciliananall
Adall sl

gt (a9 A il LAY Jlaaia (5 gbuwa 32 93 5 AT Aga 0 (815

Jis post-translational modifications Zas il axy C3aaty oLl e 3 08 je b 5l
U3 W 0sS glycosylation (3 SIll) 4 S cile gana ddlia) i ey Sl Al ddayl ) JiSi
agas Cun 53S0 llead Apuil) 3am 5 Sl liad Siae Gl gyl (any Alad 3 50
it gl ddlad e SIS o i Y il acsiadl e G yall b ddliadll SISL)
& unglycosylated form Sl 4dl) Giladll yie JSEH Gua L2 (i 5l Jie Aniiall
bl G5 all ik 1) A lLadl)

Al 7 la ) Exocytosis oisod) S aY bl ellic ¥ gd (5 il Sl (e b Sl
€ By Aaliall Clid gl aeat Ul Aadalall daendl giaudl AU S a5 2o dam
oaldivi Sy Inclusion bodies dsedall aluall  exi d5la Jaly L 4 A
gl Aqanl 3 yilal) g Jufll llee (e SIL ALl 5 4y SOl LIIAY) andaat oy i 5 )
LSl Jals aa 55 (AT i g ym Eigla ()5S 3 sl
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Yeast s el o
s oa Hshilly  Saccharomyces cerevisiae, Pichia  pastoris: Jia 3l ()
A galall clig g ull 0 S ledale adiia (5 s o s ) S lee ) ) a5 5il) A 4y jene
Sle &l Jal e (Leader) 2 e dlule dilz) Load (Sas ail e 3 jnadl) 443 Ja)2 3350 50
) Gyl i gy (5 sk A daa i) any CGaadlly QL) e 35006 5 juadll ¢ gl ) 4)
Ll ¥ dgdee (SIy cy S A jus e Ll gial ae omiaa JS0 8 jpedd) A lgie juail) 6 5a
Ol 2ie Lgilie mdsal (o S JSGy alias 4y Sl de senally
Insect cells <l yéall LIS @
Baculovirus ¢ sasl) (sl o s Jals sdle S50 Gig ol Jasall Gaall Jaa) ¢Saall (e
ZU) Jal (e Ll (s ) i A1 ladiial o il s e Allady ol pdiall LA Caseas (g2)
8 e LS e e oy Jsaall s Gulic 138 sl el alas amy GllAT ¢ Gasllaal) (4355 0l
A mall J i jall 8 Lealadiid Jad (g 0pig o) g
Mammalian cells <baill La v
eladiul Jie 4 pile lisis e il e e s siue 1A ddnaall il LA B (Say
Chinese hamster ovary cells (CHO) fvall jiuagdl ane LIS v/
Baby hamster kidney (BHK) _iweg!l Jila K WA v/
(SP/0¢ NS 0 La Jie) dgilda judl Sl DA v
YA e 5 Allads punaall JSAIL (i) dyshae peddll Jaus & 53le cilid il 58
(5 AY) Laa sl 2z Le w3l s Glycosylation & Sl de sasall dilia) cililae Lale (5 g
gliciul & 355 o) Say Al By 8 25a e ") die (5 mg Wl L L g Aglie 43y "
oo Gle e el Al LA LA e pftie b skt callaly B g JSE (5 )
Ll gl cally LS ¢l W sai cam 19l 28l il g apdizadll (e <l 90 320 adle (45
o Ardi ya aieal A8 ) iiall Gal B3y ) (o (uSay Laa (5all) D o 3 g0 A sann e llii g ) )
A0 sal) ol jumausall o SV 6 el 2] Jal (e ddnae il LA ae jredl) A& 233008
6 sise o A dlall iyl g Alaall Ul g yall LY JiY) HUaill Uil LS duad jall 4y sl
el o il oy gyl 138 DY il i g 5all sl aaedll o) ) OIS 1Y Aala adia
Transgenic animals and plants Gl s 3 saall cbilall y <) pall v/
LA 4 Jgtiall cpall o e ga s QST e be & 63 0 e B sl e 3Bl ey
deliay sl bl 5f ol saadl e Aalall 4,30 JS 8 Gy Ol s 5l Gl ) AT ¢ 51l Al
saill (38 i gaal) Gana it Al i g al) wal e o) o3 4l HA55 A waall i sl
S A llead iy s sl (e g ) s ol s W5 3 sad) Dol ana it (g3
Ol ) Jae pdi gh Apalia®y) 4y gial) A3LEN Gaga Gans culll 51 6l) gl 2065 Jiad el
e sl Ll (i syl o 5ad dumds sliac] 51 LS cdaild clalue o culilall 4 46l
Cilaglan g8 ade 5 Ay slall i g ) (e AaS) yiall clualll (aless) 8 Jiaiid alail) 13g] 440Lal)
clall & Gl gl e gond (Al daa jill amy Jiawill Glilee Jsa 48
LS Fan il 2y a3 ) zUinS g KD 100 (e ST anal) 5 508 <l 5 5all 0585 Lanie v/
(el A ghaieS il Clida LOA ) o Gl ¢ Balea (4355l (5 pdal Aglee () 5SS
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LAl 25 dea il aay Gt ) a3 Y il KD 30 (e 3 sl 5 sia cilig g sl Ll v/

S 25350 e Jpmnll ol Juis) S Se im et deshic gl Gy LA
Ol i) () ga y LY da Al 5 de puu

Choice of Expression System depends on size and character of protein

— Large proteins (>100 kD)? Choose eukaryote

— Small proteins (<30 kD)? Choose prokaryote

— Glycosylation essential? Choose baculovirus or mammalian cell culture

— High yields, low cost? Choose E. coli

— Post-translational modifications essential? Choose yeast, baculovirus or other
eukaryote

Not every type of protein can be produced by any cell type

Protein Feature Pkatic Eurvtic ul(aryic
‘Bacteria [ Yeast . Mammalian
Concentration High High Low
Molecularweight Low [ High l High ‘
Secretion No Yes/No Yes |
Folding Incorrect Correct Correct }
Glycosylation No Incorrect Correct ‘
Retrovirus No No I Possible I
Contamination Endotoxin Low risk Viruses
Production Quality Low Moderate ngh
Scale-Up Capacity High High Low

Juad) g S S8 Cagll ) gall ouig el A8 AN & gailall il parional) 8L Vv
Ll sl (e 3 i 2 san e (L3 jiar B jenivs S ) Ay sl Ol janiosall (e A sane it oy
saill e Gl g 5l dagpd dan s L) g 5l dawy s A pall o3 oy 5 dalie g )
4 galal) i janieall Jizasy)
e Aaiel (2 sen 5 2 Dl (5 a8 Al 4pdre Tl sl e 4 Sl LOAY) cliin) 2y w

Luria Broth s LB Medium
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Ll sy duuie ¢ ) Blagl 4 dala g ) glbl e sl ddds LAY cilin) 2y o
i (g lal)
el se e HASIL Jie ()5S A 5 s sl Gaiall Jeas ((Fetal Bovine Surum) FBS o
L sai jdat g dua Ay glal) o gladll olall 4y ) g puiall gail)
&l 3 el Llu 1 (e 585 (Dulbico s Modified Eagle Meduim) DMEM o
Gl LA Ll s

IMDM s RPMI o

o555y saall LAY G (pe KU any ol gy 3l das g (panim gl ) panianal) it aay
da ol ey (Bainse 20-10 (1) S yanivsall (o 220 38T ay llAl Coagll gl (i g pall Ll
dia s 508 ne Ol pll S s (Adaii s p 4adA jacant s duulie da 4 la Jlaatinly L)
e Adla o Jloesl GOl @il dis 5 a8 e sl dawy 3T Qb 35k Gdig ) oS
OV die et dbiae U5 o el o3 Cangll (i ) 393 (e SEU Polyacrylamide
4l 85l 3l

Electrophoresis Akl (Ml

4 sa il A8Dlaall iy jall 5 <l Y1 AS s sl Electrophoresis (Sl eSl oMa )l Cayed
sl 5oV a3a) e s I (DNA, RNA, proteins) charged macromolecules
s Leliad g iy jall o3 e a8l W35 (L 5eS L gl die (aned SY 2atia 23
el s

Ll O Cua JLoeSH Jlaall (8 jaled Cogn Lild an ga o Al ind Aliana 45y jall IS 1Y)
aled Cagu o gall Al ld Gy Gl g e sall adadll ) ey el ALl s il )
microscopic 438 4y e 8 e OS2 A dia il a5 calludl il s ada
S A5l 4 8 asdl) il JA e ddliaal) il jall 4S e ddlels 2l 138 a5k 5 ¢ pores
OOl A aadiod 131 SV iy sall (e 2Dl DA g gl JSG aled 3 psall il 5l )
P A8 e (S 5 ABBlard) B Sl iy Sl Juadl Ay Jad) 4315511 i (8 pl 5 JS (L jeS))
standard molecular 4l 434 ja Slawd 52 L jlaa SR (10 2Dl Ao A gadall il jall 238
J s DNA ) &l ha Jaad o3l (& (AL S Jas il JOIA Al 3) ) a0 s 5 SN g markers
cilind Jaad Ledld iyl Ll eclinn il e (g sinall (5 8l Las oo s 4llu 423 RNA
Jad i gl Al g 13g] 5 Lead 53 san gall AuinaY) alaaW) cilind CoMAL eataw e ddliss
Y L 8 L 53 el il it Al
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Target
S protein
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| — ‘ | — —

¢ Al e L ALAL Wy 3 g5 canl o) <l 9o g 3) gall A La

P Lt Wl e e s 2 Cus WD) Sl Gel v

ddasi ;all 5 galactose ) sSYW e 4 sSall iy Sl e dliie Al s Agarose s le ) =
DNAJ adii e sl 5 e V) anding 5 ¢ bae 4805 0 o3 drian g 508 Jadl 5 53 Lgadany aae
20 Kb - 200 bp Sl s 5all 550 <

acrylamide+bisacrylamide 33 L)) oz 1 polyacrylamide 23b S Jdo =
aa anding ¢ 5 eVl b basasall Glli e k8 sl Cag ) edine ASuE G Sil
o= s 1 bp-200 bpseall sl o)l <l DNAD adad e CaiSll aasiall apadly SY)
Ol Sl s

L) Jaadll 48 il LS e 3 a1 S LS el 58 55 e it Juadl) A0S () 5 ddaa Dl

G @y gyl s DNAJ il el dea il iy Laa el (585 Mgl 8 sl ()Y

BowSl A 5al) )55 <ld Gl sall e 23l g sl aled s JuaiVl bl 4 2

A3 A S e il Baxa o saay 350 535 gel casting tray sl caasle s @
UV il 38

OSLaY) it a5 LG Coay Lo (S 4ad  die (g3 g 4l ga Ml liaty il s comb Ladiall - @
LibeS Ll aal odsll 0 DNA 1 clie e aas

O Sl lall Jas Al sl sa 5 electrophoresis buffer SL el dis Al 55l @
hoeSl das il Bas ol bl caladll 5 s sall il

(glycerol JsmalallS) i€ ulul () e e ally 5315 loading buffer dusill ;s5l3 @
Boa o IS don S gl Gl g dte Lebim i el by Jaied G el resy (S
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) Adloall dyipml) A Hally et g Al e Dl (3 aled Al tracking dyes —sxill
On ol g5 4 e Ul Jgny 05 138 5 aJe) (8 7Lk S Lebin i oL il Lgtindad
o il

Ll i a3 3l DNAJD iy 5 81 50 38 520 o3 ethidium bromide o s2i¥) a5y dasa @
83 yaall cpall nall 445 ) (S Y5 ethidium bromide a s da sy dasa DA
o s (3 sdiay Liadl (o yay 31 s UV transluminator 31 Slea aasivn Gl (5 ) sl d300)
Eun (52015 300 — 360 NM (2 sall J skl 4 Janiews s UV lightbox dssiiall (3 8 25!
Gl e Al Sleadl 13 aadiny 5 5 geall Cadall 408 5l — ) jeal) ddlaiall A ¢ pual) oy f
o) (B a V) daa g 0 Arnay A8 suadll DNAA

L gas BaleS Jalad O cangg by jee B idkae Bale (& asaiY) dag n Aapa o) Al @
die call L)y Jlantind g WS calall a8 ae Jaladll die <l JUE Gl g 1A 3 ylad
Aaaaill 38 A3V e opiell Aleal @l jleall e Glyall saalis

UV Landil) (368 a8V ¢ o (3 stimy Ll o ymy 35 UV transluminator e @
lightbox

Pour agarose gel into

T Remove comb; wells
plastic casting tray

Allow gel to solidify areleftin the gel
A Plastic casting tray B C ‘
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Gel Electrophoresis

E

* A common technique in a molecular genetics lab is gel
electrophoresis. Several types of gel can be used
(agarose and acrylamide are the most common). All
work similarly: a gel matrix is formed, the DNA is
loaded into a “well” or slot in the gel. The gel is put
between the electrodes of a power supply, the DNA
moves through the gel toward the positive electrode
(since the phosphates are negatively charged). Small
fragments of DNA move faster (and farther) than large
fragments.
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(a) (b) (©) (d)

This process Outline of the upstream processing stages involved in the
production of a single batch of product.

Initially, the contents of a single ampoule of the working cell bank (a)

are used to inoculate a few hundred milliliters of media (b).

After growth, this laboratory-scale starter culture is used to inoculate several
litres/tens of litres of media present in a small bioreactor (c).

This production-scale starter culture is used to inoculate the production-scale
bioreactor (d).

which often contains several thousands/tens of thousands liters of media.

This process is equally applicable to prokaryotic or eukaryotic-based producer
cell lines, although the bioreactor design, conditions of growth, etc., will differ
in these two instant

laboratory-scale starter culture ‘ production-scale starter culture

inoculation
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Fermentation follows for several days subsequent to inoculation with the
production-scale starter culture. During this process, biomass (i.e. cell mass)
accumulates. In most cases, product accumulates intracellularly and cells are
harvested when maximum biomass yields are achieved.
This ‘feed batch’ approach is the one normally taken during biopharmaceutical
manufacture, where fresh nutrient media is continually added and a fraction of
the media/biomass continually removed and processed
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Table 5.10 Various products (non-biopharmaceutical) of commercial
significance manufactured industrially using microbial fermentation systems

Product type Example Example producer
Simple organic molecules  Ethanol 5. cerevisiae
Pachysolen tannophilus
Butanol Some clostridia

Clostridium acetobutyvlicum
Clostridium
saccharoacetobutylicum

Acetone C. acetebutvlicum
C. sacchareacetobutylicum
Acetic acid Various acetic acid bacteria
Lactic acid Lactobacilli
Amino acids Lysine Corynebacterium glutamicum
Glutamic acid C. glutamicum
Enzymes Proteases WVarious bacilli, e.g. Bacillus
licheniformis
Amylases Bacillus subtilis
Aspergillus oryzae
Cellulases Trichoderma viride
Penicillium pinophilum
Antibiotics Penicillin Penicillium chrysogenum
Bacitracin Bacillus licheniformis

WP aa)y (Kayy il aLdW) Gk oo JISE Aa8al 4 el Clilsll e o LS ()
(e 51 600 da 5e Jsh Ne i guall AEKH) _Sall Gl JYA e ) el Laaxe

v

v
light prism wavelength detector
source selection
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BREAKING CELLS AND TISSUES

The first step in the Using gentle mechanical procedures, called homogenization, The resulting thick soup (called
purification of most the plasma membranes of cells can be ruptured so that the cell a homogenate or an extract)
proteins is to disrupt contents are released. Four commonly used procedures are contains large and small molecules
tissues and cellsina shown here. from the cytosol, such as enzymes,
controlled fashion. | ribosomes, and metaholites, as well
as all of the membrane-enclosed
organelles.
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When carefully conducted,
homeogenization leaves most
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3 Force cells through 4 Shear cells between organelles intact.
a small hole using a close-fitting rotating
high pressure. plunger and the thick

walls of a glass vessel.
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Ultrafiltration separates molecules based on size and shape

(a) Diagrammatic representation of a typical laboratory-scale ultrafiltration
system.

The sample (e.g. crude protein solution) is placed in the ultrafiltration chamber,
where it sits directly above the ultrafilter membrane. The membrane, in turn, sits
on a macroporous support to provide it with mechanical strength. Pressure is then
applied (usually in the form of an inert gas), as shown. Molecules larger than the
pore diameter (e.g. large proteins) are retained on the upstream side of the ultrafi
Iter membrane. However, smaller molecules (particularly water molecules) are
easily forced through the pores, thus effectively concentrating the protein
solution (see also (b)).

Membranes that display different pore sizes, i.e. have different molecular mass
cut-off points, can be manufactured. (c)
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Final product filling

The final bulk product (after addition of excipients and final product QCtesting), is
filter sterilized by passing through a 0.22 pm filter. The sterile product is aseptically
filled into (pre-sterile) final product containers under grade A laminar flow conditions.
Much of the filling operation uses highly automated filling equipment. After filling,
the product container is either sealed (by an automated aseptic sealing system), or
freeze-dried first, followed by sealing
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CHe DOWNSTREAM PROCESSING

Fermentation
If protein is expressed If protein is expressed
intracellularly extracellularly
Recovery of producer cells Removal of cells from media
(centrifugation or filtration) (centrifugation or filration)

Cellular disruption
(homogenization)

Removal of
cellular debris
(centrifugation
or filtration)
Initial purification/concentration Concentration of product-containing
(ultrafiltration/ion exchange or extracellular media (ultrafiltration or
precipitation) precipitation)
Chromatographic
purification; usually
2-4 chromatographic
steps

v

Adjustment of
potency and addition
of excipients

Sterile filtration
and aseptic filling

e

Freeze drying

Powder preparation Liquid preparation

Sealing of final product
container, labelling and packing
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The pharmaceutical is the sector with the highest R&D intensity

R&D investment 2011 (€ bn)
20 40 50 &0 100

Pharmaceuticals & biotechnology
Technology hardware & equipment
Automobiles & parts

Software & computer services
Electronic & electrical equipment
Chemicals

Industrial engineering

Aerospace & defence

Leisure goods

General industrials

Health care equipment & services

Qil & gas producers ]
Fixed line telecommunications EUSA
Banks =EJapan
Bother countries

Food producers
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Product Description Structure Company Approved
Recombinani products
of native human
insulin sequence
Humulin Recombinant human insulin  Identical to native human  Eli Lilly 1982
insulin (USA)
Novolin Recombinant human [dentical to native human ~ Novo Nordisk 1991
insulin produced in insulin (USA)
S. cerevisiae
Engineered insulins
Humalog (Insulin ~ Recombinant short-acting  Engineered: inversion Eli Lilly 1996 (USA
lispro) human insulin analogue of native B28-B29 and EU)
Qroduced in E. coli proline-lysine sequence
Novolog (Insulin ~ Recombinant short-acting ~ Engineered: B28 proline ~ Novo Nordisk 2001
Aspart) uman insulin analogue replaced by aspartic acid (USA)
Quoduced in S. cerevisiae >
Levemir (Insulin Recombinant long- Engineered: devoid of B30 Novo Nordisk 2004
detemir) acting human insulin threonine and a C14 (EU)
analogue produced in §. fatty acid is covalently
cerevisiae attached to B29 lysine
Lantus (Insulin Recombinant long-acting  Engineered: A 21 asparagine ~ Aventis 2000 (USA
tlargine; human insulin analogue  replaced by glycine and pharmaceuticals  and EU)
optisulin) produced in E. coli B chain elongated by two
arginines
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Rituximab Ocrelizumab Ofa_t‘_‘m“mab
Ublituximab Natalizumab Opicinuraeh
Alemtuzumab Secukinumab
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Displayed
Fab antibody
glll protein

Phage Display Advantages
= More efficient than hybridoma system.
= Cheaper to produce recombinant antibodies using bacteria, rather than
mammalian cell line.

‘x‘“w.
> ¥

apWi puivl Gaoly ¢

e

.Eg

= Easier to maintain and grow bacterial cultures for recombinant antibody

production.

= Producing the combinatorial library of functional antibodies to generate a
larger repertoire of antibodies than those available through conventional

hybridoma technology.

* Plantibodies

"plantibodies" are antibodies produced by genetically-engineered corps e.g.

corn, potatoes and tobacco plant
"plantibodies" are cheaper and arguably safer than mammalian mAb
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Underlying principle/approaches taken during the development and use of
antibody-mediated target cell detection/destruction.

A prerequisite for adoption of this strategy is the identification and
characterization of a surface antigen unique to the target cell type (‘unique
surface antigen’, USA).

Antibodies raised against the USA should selectively interact with the target cell
(b).
In some instances the antibody is chemically coupled to a radioactive tag (c), a
drug or a toxin (d)
Tumour-associated antigens alu ¥k ddag sall il adaival)
oo il (ks Al 8N pelansy Jag ye i (51 "oyl L sall aumioadl)” llaas Jiag
Lalal) ) Jsa hagi y LaBale 5 g slal) Jsatl) dileny ) b Craals Al Jal gl 51 Jalal)
oY Gl e sl il e S35 dadasdl ool e 850 At pu dla )
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One 500 mg vial NOC 50242-053-0
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TRADITIONAL POLYCLONAL ANTIBODY PREPARATIONS
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/

Powdered product

Overview of the production of antisera for therapeutic use to induce passive
immunization
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Table 13.1 Polyclonal antibody preparations of human or animal origin used to induce passive immunity

against specific biological agents

Antibody Source  Specificity

Anti-D immunoglobulin Human  Specificity against thesus D antigen.

Botulism antitoxin Horse  Specificity against toxins of type A, B or E Closiridium
botulinum

Cytomegalovirus immunoglobulin Human  Antibodies exhibiting specificity for cytomegalovirus

Diphtheria antitoxin Horse  Antibodies raised against diphtheria toxoid

Diphtheria immunoglobulin Human  Antibodies exhibiting specificity for diphtheria toxoid

Endotoxin antibodies Horse  Antibodies raised against gram negative bacterial LPS

(Gas gangrene antitoxins Horse  Antibodies raised against a-toxin of Clostridum novyi,
Clostridum perfringens and Clostridum septicum

H. influenzae immunoglobulins Human  Antibodies raised against surface capsular
polysaccharide of H. influenzae

Hepatitis A immunoglobulin Human  Specificity against hepatitis A surface antigen

Hepatitis B immunoglobulin Human  Specificity against hepatitis B surface antigen

Leptospira antisera Animal  Antibodies raised against Leptospira
icterohaemorrhagiae (used to treat Weil's disease)

Measles immunoglobulin Human  Specificity against measles virus

Normal immunoglobulin Human  Specificities against variety of infectious and other
biological agents prevalent in general papulation

Rabies immunoglobulin Human  Specificity against rabies virus

Scorpion venom antisera Horse  Specificity against venom of one or more species of
scorpion

Snake venom antisera Horse  Antibodies raised against venom of various poisonous
snakes

Spider antivenins Horse  Antibodies raised against venom of various spiders

Tetanus antitoxin Horse  Specificity against toxin of Clostridium tetani

Tetanus immunoglobulin Human  Specificity against toxin of C. tefani

Tick-borne encephalitis immunoglobulin  Human  Antibodies against tick-borne encephalitis virus

Varicella-zoster immunoglobulin Human  Specificity for causative agent of chicken pox

L)t 3l 3 acaiiaall e 3l sa 7z e aly il LAl /5 4 51a) Ao Liall Aty 3 3adl
ol [l clae Laall aladinl zeas eclalilll e Lealadind w35 Adjuvant <iebuall o
(e daddie dle ja ellacly o WS Zoeliall Alaiun) 330 (e Jiday Lae (sl (186 (e datinall
RN Glacladl Jde Y (e ¢ doalaiil 5 iy ia Lae A duelic dolaiul gadadl acaiual)
i Inorganic adjuvants &sac ne Claclue A5 asial¥) 2 08 5 o V) Clis b
¢ Freund’s complete adjuvant (FCA) pLll xi 3 aeluse ¢ 4yl Clalall) 8 Lealadtinl
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ez Gene therapy using an
Adenovirus vector. A
new gene is inserted
into an adenovirus
vector, which is used to
introduce the modified
DNA into a human cell.
If the treatment is
successful, the new
gene will make a
functional protein.
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Cystic Fibrosis and Gene Therapy

A gene-repairing virus
Seattle biotech company Tavgeted Genetics reports success in early trials
trealing cystic Jibrosis using viruses {o deliver corrvect gesnes.

é 1. Cysric e
\ < fibrosis, a fatal 2. The missing genes are
I lung disease, placed inside a specially
< occurs in - modified virus.
Ly [ people born

Nt missing a
— critical gene
sequence.

Missing / Virees
genes N\ o
) ) ) |/ § Y
3. The virus. inhaled by the -f\_\\{‘_;{.—-
paticnt, carrics the missing - 5
gene sequence into a <;D g
lung cell. ' &' Viries
Lungicell 3y 4. The cell is supposed to start
3 .o Pproducing proteins that prevent
LY Proleins e, W 2
— (=) cystic fibrosis in healthy people.
Nuclews &

<=

Suserce: MIT Tchnolezy Review

https://www.aspu.edu.sy/ Clol> Gl oo Jond 121



https://www.aspu.edu.sy/
https://www.google.fm/url?sa=i&rct=j&q=&esrc=s&source=imgres&cd=&cad=rja&uact=8&ved=2ahUKEwi-o9D89qriAhVHzhoKHS56AHUQjRx6BAgBEAU&url=https%3A%2F%2Fslideplayer.com%2Fslide%2F8616936%2F&psig=AOvVaw3FjKGTqapEA_JlQ7UBvNBt&ust=1558469910087916

AWl pul doolny ¢ °

asPu
2011

Hemophilia yselll =

4 R o el el CBMEL s Clala SLY) G 5S5 Lain 5 sSA capay (Al )5 oo e 2 se il
i il gl & geal) clagiial) ge Jead Al i Jal ge o3 i 5l e gl sl ) g sal)
oyl zling Bale) Jshal Baad Gy dleay Lo agles JS (i pall a0 JA5Y Cum Aol (S 8
il A je 05 WS (palad) QL) B @l gi g i (S S 6-2 O ool e aaldl
D ol X oinll raall o A genall cilial) (gaa) 5 ik daii i pall Layy - a0
o all 13gd ) 2 Mall (B Laaill (3o 5l ) FO sl (A Jaail) a5 lill) F8 il Jale
o=Blll il dale 3o 5 (Al daaSladl 45 sall Jand Gl 5 58 (0 Sile o Gy sl ellac) (3 k e
(i) ey i g lidanal (lSa) s LAY Cargis Al

Bioengineered AAV vector
delivering gain-of-function
Factor IX Padua transgene

)
_,( S L.\(/ — Liver

N Target organ

>30% FIX expression Clinical outcome measures
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Reduction in FIX replacement therapy
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Vaccin Other
es biopharmaceuticals

Characteristic

Dose Low (microgram range) High (usually milligram range)

Low (months —

Frequency High (days — weeks)

decades)
Product group Heterogeneous Less heterogeneous
Characteristics Sometimes ill-defined, Mostly well-defined

Type of formulation  Usually a suspension or ~ Usually a solution (liquid or

emulsion (liquid or lyophilized)
lyophilized)

Indication Mostly prophylactic Therapeutic
Target group Every human being Patients
Number of active >1 (antigen (s) and ]

ingredients adjuvant(s))

Table 1 = Exemplary differences between vaccines and most other
biopharmaceuticals
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PN
Immune Immu  Accessory factors
response ne Infectious agents
produ
ct
Humoral IgG Complement, neutrophils  Bacteria and viruses
IgA  Alternative complement Microorganisms causing
pathway respiratory and enteric
infections
lgM  Complement, macrophages (Encapsulated) bacteria
IgE  Mast cells Extracellular parasites
Cell CTL Cytolytic proteins Viruses, mycobacteria,
mediated intracellular parasites
Thl Macrophages Mycobacteria, treponema

(syphilis), fungi

Table 2 Important immune products protecting against infectious diseases
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Figure 1 = Schematic representation of antigen-dependent immune
responses.

(a) Activation of T-helper cells (Th-cells). An antigen-presenting cell (APC),
e.g., a dendritic cell, phagocytoses exogenous antigens (bacteria or soluble
antigens) and degrades them partially. Antigen fragments are presented by
MHC class Il molecules to a CD4-positive Th-cell; the MHC-antigen
complex on the APC is recognized by the T-cell receptor (TCR) and CD4
molecules on the Th-cell. The APC-Th-cell interaction leads to activation of
the Th-cell. The activated Th-cell produces cytokines, resulting in the
activation of macrophages (Th1 help), B cells (Th2 help; panel b), or cytotoxic
T cells (panel c).

antigen ﬁ Thelp {ThE cytokinas)

é é Anhgan binding Clonal preliferation

p— Ti? :
gﬁ' -j-‘? <

H Anfibody production

(b) Antibody production. The presence of antigen and Th2-type cytokines causes
proliferation and differentiation of B cells. Only B cells specific for the antigen
become activated. The B cells, now called plasma cells, produce and secrete large
amounts of antibody. Some B cells differentiate into memory cells.

b
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(c) Activation of cytotoxic T lymphocytes (CTLs). CTLs recognize no self antigens
expressed by MHC class | molecules on the surface of virally infected cells or tumor
cells. Cytolytic pro- teins are produced by the CTL upon interaction with the target
cell.
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Aladl @l sSall @Y JEdl das Sleaal gl g sl Jals ddlide VMG o sl
OOl el Sleall Alal) dpm gl 038 ranii ¢ 133 15Y) 5 ug b «JURY) JLa Gug g
2 JSE) A1 Claminall ga gl g Ay pall Colimiaall 3 ALY G Gy i
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Figure 2 Principle of adaptive immune responses following infection and
vaccination. (a) Schematic representation of adaptive immune responses upon
primary and secondary infection. Upon primary infection T- and B-cell responses take
time to develop, allow- ing pathogens to proliferate and cause disease. Upon
secondary infection, circulating antibodies and memory T-cells quickly respond,
preventing proliferation and dissemination of the pathogen. (b) Application of a
vaccine that induces an adaptive immune response like a natural infection, but
without associated disease.

Activation of the Innate Immune System 4 _hd// 4e Liol/ Lo

eV e 5 sohill delial) jlea asiihy Tay ) ol (i jeall Jalall 2 elia Jad 2 S
Slen platiy Jandii 8 B oed e Liall 5 SIA (o058 Y Lewad A yladl) Alaiu¥) dapiis o (46
antigen-aiuall dexia LA g)kﬁ\ Acliaddl Glead dagall Gl Sall (e ¢ AuuiSall dclial)
dendritic 4uaxial LA s macrophages xSl <=l Jispresenting cells (APCs)
pattern recognition receptors e APCs (s siad édansll i aal 55 I cells (DCs)
Aol Blal) exi g Ak sl gyl g LS eSS maws ) (PRRS)
(= pathogen-associated molecular patterns (PAMPS) dia jaall Jal g2l ddasi yall
Jie aaSll Addll jlaa iS¢ wguull RNA @ PAMPs e PR
Jalsall oY 1555 ¢ (3 Jsaall) 8 mmse s LS W e g basdl ¢ lipopolysaccharide
endosomes s LAl mhu e W) PRRS e siall (Say ddlide WA Jadd dia jeall
LA o8 ) PRR sl (535 ¢ (s pll Zanilly) LoDl siandl (3 51 (Ll dauailly)
Al s e el et A ja GLIT IS (e Leadans o diaiiall (ia gmy datieall dadie
Lyl gl iy glaalll ) acaivsall apai e APCS 5,38 (e 255 3 ( MHCIIKMHCI )
8nedl Al il edll mewss Sl chemokine receptors (S sell SO (e paadl)
Saad ALl clie JSE ) Sl aad T Gl A ealll A e Ll

il (age oW Al ol gladl)

aaoln ¢
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PRR
PRR locatio PAM Source
n pb
TLR1-TLR2 Cell Triacyl Bacteria
surface  lipopeptides
TLR2-TLR6 Cell Diacyl Bacteria
surface  lipopeptides
Zymosan Fungus
TLR3 Endosom dsRNA Virus
e
TLR4 Cell LPS Bacteria
surface
TLR5 Cell Flagellin Bacteria
surface
TLR7 Endosom Single stranded RNA
e (ss) RNA viruses
TLRS8 Endosom ssRNA RNA
e viruses
TLR9 Endosom CpG DNA Bacteria
e
RIG-I Cytosol  ssRNA and short v/jruses
double stranded
RNA
MDAS5 Cytosol Long dsRNA  Viruses
LGP2 Cytosol RNA Viruses
(helicase)
NOD1/ Cytosol IE-DAP Bacteria
NLRC1
NOD2/ Cytosol MDP Bacteria
NLRC2 ATP Bacteria/ host
Uric acid, CPPD, Host
amyloid-p
NALP1/ Cytosol Anthrax lethal  Bacteria
NLRP1 toxin
IPAF/NLRC4  Cytosol  Flagellin Bacteria
NAIP5 Cytosol  Flagellin Bacteria

Table 3 = Examples of pattern recognition receptors (PRRS), their ligands

(PAMPs) and source
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Antigen Presentation aicall andi

deliall Lo 5 4kl dpeliall LAY (I V) &Y e ddapnall 4 glialll eliac ) S
slail paen b acaival dedie LAY £ 555 a5 o(Ald) LAY 5 Al LAl Al
Sl Jie 4 G 4 slaalll eliac V) ol S0 2005 20l LAY 2 5 gl Aol
O b il e Ca el 3500 il glaall) adains ¢ Peyer’s patches s Jadall 5 4, glaall
Jially 5 cacaivnall pe bl Jelailly L) ey 3l BCR diiasall 25a 5 4 Lol lasa s
APCs 255 ) dalan (a5 aivsall ae 5 il Jeliill o 5 a8 e 40l il slaalll o oG
adin Gl ) Ll st s lacaiid) dalladl

Al by slaalll ) e 5 (T-cell epitopes)
B-cell and T-cell Activation sl by gléall] o Lilil) <ol gléall) Lndis

S MHCT <l e dadi el adiad) JM& e TCR 4l WA Jifiiee s ) Ailayl
DA e aclisall jaiaill L Al 5 ,LaY) ) A0 LAY bas (V) s WY IMHCII)
Al dadia LAY e 33 9a sall co-stimulatory molecules s accessory (w Jeldll
clonal Uil 5 J8 ¢cpra daiie dalal) 2l il slaalll s ol sac bl 5 LaY) el o s
) (Z\SM\ 3)\.&}(\) L juae sl ‘;_"d\ LS ghud) <l L) ) b glaall) ﬁ expansion

(3 JSa) effector dadas e Ll 5 dslll clygaalll IS 358 D&

dacluall aily T-follicular helper cells (Tths) e AUl LAY (0 dima de gana a8
C-X-C chemokine < ja alati A (e iy [L-6 and TL-21 _ail cani 501 <l glaall
llia 5 ALl S slaall) aa) 68 shbia ) 3 aedl Ll mawn Las creceptor type 5 (CXCRS)
Lid (MHCIT @l o sa gall aliial) acaiinall Jaad Al 4500 &l slaalll ae Tths Jelis
A5 e 508 58 g Tths Oe saelual) 4 jaaadll Sl JLEY) AlS Al 450 Sl glaall)

B_SIAN Al el slialll (< 5 it S A8IY1 dlle TG 2laY)

——= T-ce=ll activation

TS T-oeil

D28 —= Co-stinmulation

Figure 3 the 3 signals of T-helper cell activation
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Antigen presentation. Peptides derived from a vaccine are loaded on MHCII 1
molecules by the APC and presented to the T-cell receptor (TCR) on T-cells. 2. Co-
stimulation. Activated APCs express co-stimulatory molecules, such as CD80/86
which support T-cell activation through interaction with CD28 on T-cells. 3.
Cytokines. APCs can produce different cytokines depending on the type of PAMP that
has activated the APC. These cytokines provide a third signal to the T-cell by engaging
their cognate receptors on the T-cell surface. Whereas IL-12 (red) signaling leads to
Th1 polarization of the CD4+ T-cell, IL-4 (yellow) signaling induces Th2 polarization
and IL-6/IL23 (blue/purple) signaling provides a pathway towards Th17 CD4+ T-cells

VACCINE CATEGORIES <ilalall) cilié =

Glaldl) el (Al claldl) 34E, S 13 aladiul e Chagll Ty cilalalll Conat (Say
Al Ao liall (al yal bl dganall () ja¥1) 4adle ) yall (i yall ¢ 53 (ol 33 (daadle
G eall Jalall Q) Jws o) apadaill a3iudll amied) juae o (A L s ol
(4 JSA) 8 rage s LaS (A sill Gamlaa¥) cclaginll dae jall calaa gl (S
Classification Based on Antigen Source

Lz peal) Jal gl (0 5 oK claldl ) Lganaii (an 5 L paiall ol il g 58l (e i) clalall) Lass
O e clalily (Alldl) Lall je dia jeall dol gl (e 35S0 claldl 5 daialll Al
(e Allla dd g e Bdae dae i Dlaa g e 3ole (oA delie Aladul 3] LeiSay Al Glaaiil)
O 43Sl lalilll o2a e pualall c8 gl e Sl el i gyl Jie (ayaall alall
& Sl BV Gah e ol (i gl Als 8) Calise JShy Leaieal (S Lo i 30n
Azl Gl sSall dpe Liall Alain¥) 5 jedl (oSl aae Alla 8) dala (i g 5

—_—

Vaccine categories

—
Application mode Disease Antigen source
o . o
P re=c ] ~ A~ —~ —~
Prophylactic Infectious disease Live Inactivated Subunits Nucleic acids
o fp S - o T B ——
SR oo™ TN . .~ B R s
Therapeutic Cancer “m';:‘:’d Viruses Protsins Naked DNA
p— 0 NS L S 4 —_— T
_ ~, —
= Atenuated . .
Autoimmunity/Allergy hacterla Bacteria Peplides" Vectored DNA
o S’ b N e
Vectored =
vatches Human cells Polysaccharides' mRNA
P M A —_—— g
i N
Human cells
S

Figure 4 m Vaccine categories based on type of treatment, type of disease and antigen
source

https://www.aspu.edu.sy/ Clol> Gl oo Jond 136



https://www.aspu.edu.sy/

AWl pul doolny ¢ °

asPu
2011

Live Attenuated Vaccines v/

&l OJS recombinant DNA (rDNA) <alizal) sl cogalall 5553 Gaeadl jeae Jsias Jd
YL LAl 3 jlall dsdal) Aadl sll gttenuation s sl Gy (e Al cilalall) &l
Jie Al clalell calalalll Y @l e Y (e g cduaddiall dpandl ol de gl cld 3 il
ikl gy daladial i AT e aa g Al dpaal) (Gl duanll ¢ July) JLs A
APl Je J saall pitrosoguanidine = Salmonella typhi dallee JUall i Je  Slasl)
V) dall ddecad) clalalll dal (e ae b de sl ge A g el Cilay 3V Gamy ) 5 il
Oe Ol el Sl Al el (g il Al JULY) ki S gl Gans Ll
Gl el 8 Jiallyy b pha cliclias ) am o (R GlalElll a3 deliall al
o3¢ agarnki 2y Y cyclosporin, methotrexate Jie deliall dagdiall 4 50Y) oy () sadiiivg
calalall)

Genetically Attenuated Live Vaccines =

e Sl e i€ A A ol Aigh) (3 ke e Uil 5 daraal) dal) clalalll sda e J geanl) 23
daelie Llatul Jasy Al )l S Vaxchora W Leale JBa g 4 jaall Jal gall e g8 5 3L 5 9
el a8 5 calad) e Casan 5 elaal) 5 jleal |l oS G S5 558 aiad anad) 8 dpnaia 50 dpkala
il (e pal 4l Sin) IS Gt Qe Cagan 5 laall |l QU1 (s plasialy Al 31 (o sl
pyanall Al ) el g p gand) 23¢d dlis IS Apmda 3 58Ua A J e o5 &3 ¢ accessory toxins
CVD 103 4aill) ~llll A% e Jsasll (tDNA) Gdll (55l (maal) a5 Aol g
4 sllaall dleall o sl (e shaial) sl 5 Jaadl) saa cilS Al

Live Vectored Vaccines =

Aincaall Lall il s il gl de sl dapae i ddmmall LSl alasind o5 oA Allad Gt Ciagy
S saaly Jlasind ek e dual) ABLN Al s3a Jaaad 2y Cargdl Cilamival ge yuaill JAUS
Alasinly o yaall Jalad) (e 481 5l G ) sall o ST 6 3 59 JBLN sl RS Gl ) g (g S
) sall e Y1 o sha g Jlandll pamil) 8 il dad) lalilll o2 i a5 450 ) 1) digh) (3 5k
L) 3 By JAUS s g5l Al ety i yaall Jaladl (e 380 gl il sall 5 ilacainall 3o 5
0l @\.{L\ = Adenoviruses 4l il g yadll et g Al 3 ) all 47 glaa cCLu‘}[\ e Jia
Clalasi) calalsll)

Inactivated Vaccines v/

3 sa aladiuly @lldy LelaSh il g yudll o LouSill Qolaat g Cilalalll 228 slacy aaizall il
el (3 ) all 5l ( B-propriolactone,formaldehyde) glutaraldehyde Jie 4SS
) anall 3 HSE Y il o oY Tk g il e ¢ GSoall Jled) Alleal) cilalal
Los dbanmall cilalalll wo 4 j8ally @lld 5 dleall e Gnll Jlefde ja ) dals dllis o S L Ule
W s (o 5ol ) (uSay

Subunit Vaccines v

s ) ALK i yaall Jal sl (g 5S35 A calill) 8 5 Al ) dxds e ool g aaill T ki
i gl Jie ¢ dia yaall Jal sall (e Ba3a0 Dol dye b Cilaa g aladin) Juad) zeill S
leale Jpaall ol A jaall Jal gall (ha Leiiity 3 80 Lgle Jpanll (Sar Al 3 )l Slasse
Diphtheria Toxoid S cilalalll 3 e 450V (e el o gl Colaaival dailly o siile JS
tJie bl yamy o 685 Cus and Tetanus Toxoid Vaccines
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aall Blia) die o gandl JS55  Clostridium tetani and Corynebacterium diphtheriae
Cilisiy p e 3oke asandl sda s die sill Maal) 2l $a sk e eliall Sleall dlaiu) i Al
psand) oda Jial dpeliall Alatul) o) clalalll 8 Leal 0¥ formaldehyde Aol 5 Lelidaat o3y
Jal sl 5 dmiinall (pa e 3all 138 5 aluminum salts 48] @k oo Lemad a5 L Laisie
Al Calilll b p35d 15 sacldl

Recombinant Subunit Vaccines =

b laaiiall UG % A s ) Clalalll Aol st gl s LY Jigay 6253 yall Gl
s e Jabal) 8 AeY) Adaaall LAY a5 i a5y gl ¢y ,S50 JS ualall 8 )
LA Lshas g clilall 5 il pdiadl LA jileddl s Ly Sl Jie ¢ il (e dlle iy ey e
J saall i 53l Hepatitis B surface antigen (HBSAg) aaivall Jidl Juaw e 5 eyl
Saccharomyces 5_all LA 8 aic el &5 Wl Cpbiadl) (alaiV1 Jias el 4le
gl Ldall el 3o 5k oo nall Siualed) (e LA Jie clpaill LIS i cerevisiae
hall il a8 e &« HBsAg  aibuall oy Gl & sall e (5 5ing andly
e Gdial) FUll maal a8l ¢ Lal) g il ae WS idati )5 22nm HBsAg particles
dradd) (e Fiiall (SadISH Bl Jie Jlad s el 585 allall il aas 8 LAl 3 j0edll
Nucleic Acid Vaccines v

Umanll sl 3andUll (55l Gmanll ) A ol salall slac) Jady g5 sill Lmanll Calily ayaladl
Racadl LAY i die sl wls (531 5 Congll auaioaal) 3a s 53 (MRNA) Jsm M (o 55530
Al 5550 meal) lalil g5 ¢ die el acatiad) ain Guelie Alatil Crgan Gl tay
M 8 Cllaiul iad aeie Cua daall Ailigall Al e s e il saa gl claldl
sl Gaeall Aaldl 8 Anlull g ulany) Lalail) (4 Jganll) muasng 4se yall il

Advantages Disadvantages

Low intrinsic Effects of long-term expression unknown
immunogenicity
Induction of long-term  Formation of antinucleic acid antibodies
immune responses possible
Induction of both Possible integration of the vaccine DNA into the
humoral and cellular host genome
immune responses
Possibility of Concept restricted to peptide and protein
constructing multiple  antigens
epitope plasmids

Heat stability Poor delivery
Ease of large-scale Poorly immunogenic in man
production

Table 4 = Advantages and disadvantages of nucleic acid vaccines
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mRNA Vaccines =

Aeliall 3y 3a ¢ Lgadbos Gansy LS aLaia V13 5a ) <l i) (8 o 5l (6 5 5il) (aead) cilalal 8y
lacaial (e el a5 81 3 Jie mRNA clalal aladin) (saeudll DNA clalil 4 i
¢ O b S sl el e aaind calil e Jelaill 3Y Badl 8 el
LibesS L imRNAs e o G ) e iisoal) enill el Aol Zeliall 3 38 ¢ a5 gas
it laa ol o (Jualaill g 25 5alS il 5 o W (555} (manl (gl 2 gl Dpaas o S Jai)
(bl Fraills inans ) 5 (protamine nanoparticles) Jis nanocarriers 456 Sl (A
Ua LA o g A gl Sl 3 2 g e lie iliai) Alseall mRNA sl 1 elf ¢mRNA J
non- Jaei (e &1 a5 Sl g 5l (g 2 Bad JEall s e ¢y paall el i Gl
abae vie il aa dae 5 duelie Glladial 35a 5 Cidl 85 small cell lung carcinoma
il ) TAkY L Qe Lgi 5odlall Lianda o8 MRNA e saaizall chlalalll Ggie N ¢ a yall
e el e il o aslas JSy Acliall Japil Aulia ye MUl 5 5yl 550 aumindl e
< ) 5a 423 )l calphavirus S il e slaie YU RNAS U I3 szl e 32y 55k
& omadll &L (RNA) uoll gosill paeall ) S5 e Ag5ue alphavirus ossod e
23 dish et ) single RNA = WA shae) (a5 csllaall scmiall a5 Al 45 sall
(5 JSA) (A e ge g LS Ciaa 50-10 Jaba Lay ST 5 aaiaall

Zwitterionic lipid at 10%

Cationic lipid at 40%

Cholesterol at 48%

o=
=
5 D NS __
(f g %% PEGylated lipid at 2%
b @ Self-amplifying RNA

Figure S m Schematic illustration of an exemplary RNA vaccine.

(a) Schematic illustration of an RNA construct encoding alphavirus-derived self-
amplifying RNA. The RNA contains a 5' cap, nonstructural genes for RNA replication
(NSP1-4), a 26S subgenomic promoter (blue arrow), the gene of interest (GOI), and a
3’ polyadenylated tail. (b) Schematic illustration of a lipid nanoparticle encapsulating
self-amplifying RNA, with the molar percentages of lipid components as indicated.
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Delivery of Nucleic Acid Vaccines =
LedSd 8 LAY Jala Lelliayy JU allais LeiSl 5 A gguns LAY Jai Y 45 5il) Giabaa W) ()Y 15l
Lokl 5l b Callaty 4 o) iy Jadl s3gd oDl Gudail) L 5 clgillad anay Lay sl
G gaall 5l A asdaill ) 2 sam Al s naked nucleic acids =5 ¢ ) shie Jua s
O OSars ddsaall LOIAN mhass e Cargl opis ) (e i) 4y Cun Liasll il 35k e
el Juayy 4l 5l 5okl aladiul (Say WS ¢ Baaly da aay ale (o JSY el iy
Jie g 558

e using a gene gun to inject DNA-coated gold nanoparticles into the

epidermis
e jet-injectors, electroporation and DNA tattooing

Ll Jaatis lipidic or polymeric nanocarriers Gisb e 45 sl aleal) Juay) ¢Sy Ll
cila S ccellular uptake 5xis sSaall &uill e &y gl Galeal) and; delial ads
O 8aS laeS il e 5 )80 slgie il Baad JEUS il 5 i) alasiid Sy 4y 53l L)
JalaS zalill 5 (3laill asl 5 aladin S Gilad) & )l crlady Lo palall o giall b g 5530l (caeall
D) Y] Callss alias) 5 ALY A sea Y1 Al sha delia Lo Jpand) o 35080 ¢ agakad
i (sl g b S8 A g pudll JB1 il e Y (e cqanilly Cainall Sileill Ll grise
sl clus ol ¢ Gl WA anat o oSy ) fowl pox and canarypox viruses
AN il adandl amiid) g e o gt i) Ay salall Loall il syl cAdenoviruses
im0 Gl delall (8 (o 55 duians o s 8550 el el el (6 JSA) s B
A aliayy g il

Antigenic protein of interest

A4

An Isclated gene encoding 2
the antigen O i el

Wild-type
vaccinia
virus

Iintroduction of
plasmid and virus
intoc host cell

D

Recombinant vaccinia virus
expressing foreign antigen

Host cell
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Figure 6 = Construction of recombinant vaccinia virus as a vector of foreign protein
antigens. The gene of interest encoding an immunogenic protein is inserted into a
plasmid. The plasmid containing the protein gene and wild-type vaccinia virus are then
simultaneously introduced into a host cell line to undergo recombination of viral and
plasmid DNA, after which the foreign protein is expressed by the recombinant virus

Therapeutic Vaccines

8 5l ) Cila ) cna i pe sl el Ll (sl 5 ALK Al iyl aline
AleilV) b a5 Gl ) s Laxall Gl e Jia il pe¥1 23k clalalll aladil oy
Mol alal Jlae g duala ailay 8 )3 Y Ao dad)l lalalll ) odas () (e a8 Ml e cla e
ALY Gany e o gl Tl g g Ao oy 2285 CladY) 5 SEY) 1Y)

Cancer Vaccines v

camndl n (5 A 1 al I Y1 5 541 ASa) gn LD dapumia e ol (i 3 e (b ol
Jal s cgiadl s 35050 el gall ¢y ST ¢ iy s« il Jia &l 5 Jal s Al sy 8
LOAD i) b didh s D) Al 5355 8 b g s dlas Jalse ciily 3
Clalal kil ulal) 8 138 5 Lagluad) LDIAN ae 45 jlaally (e sl Claaivsally o i) Ayl yull
Al 638 iy Badae Al Auelia cililatal st ) Caagh 3 dadlall sl
Tumor-Associated Antigen Vaccines =

ool Jadiye aal s dumivee aladial Slo Aol 8 s udl Clalal Jle 3y padl oladll ¢S,
(e bald & ¢ associated antigen-1, prostate-specific antigen melanoma- ) Ji
OS5 B Al LedaSh dpa sl LOAD S cleleSh ol Aa ADIA (g Baane e Cilaaius
Lebass 3 allogeneic tumor cells 5| (oa el (1 5 33l 45 320 autologous tumor cells
Ta o LDIAI) Alasin 5 e cieliall 5 inall iy adl o W e ol S sindl e unil U155
e Uia cililaid G (6255 0 (S 05 ol sl ol (o Al A s 35 5 LSy
ceosll A

Neoantigen Vaccines =

Blga ga e Ay je A g p OOl &Yy cOda pad) sl < e\dilum iliaae Neoantigen =5
L apndaill (2 il (sl a5l danilly 33 5 Neoantigen abaee oY 1550 5 cdaglud) daal)
gy CilSa ol al 1385 G sall SlaliaY 8y A4S 5 daad o Cus Liadd g calkaly
Oy 5 aall Gie Gl ez Dlad clalalll oda Gauda a5 o Dladl Lty (g pall ¥ Ao juny 22
Ala)

Vaccines Against Alzheimer’s Disease v/

clalall ¢ glaall & amyloid plaque G2sSh Sl oac ST (e g el (5 e
protein tau »= i the aggregated form of amyloid-p 3 slaza¥) (K& jias i)
sosha e Y bl cuile ¢ Ay pual) el 8 W ) o5 ARl YL ddag sl
5 AU a8 Al oda @l a3 STy Al LA Japi (e daalill dyilall )
Ol V) el sk el 81 )50 caeli a1 o (e a2 1) e o dadls zadle & ekl
amyloid & gead oo @l ) uall pSe Ll Cmall oy di2e (2 0 54 padla SN (i
Al e G Sl el sy JUll s ambail) daud 50 plaque
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PHARMACEUTICAL ASPECTS =

Production .1

Aadal) Aall LS (e clalalll 8 Aol il oSl BlELE ) daelilaaY) cilagiall oLl
o ¢ A sl 2l i S /58 e ST panll L8155 Lebinns (S (15 ¢ i) sl D)
LAl o et gdge il Bas sl a1 il S (lany ) 5 il 5 paill o)) 3 A0 guad) LAY alasial
g o0 dan g (UL LIAT st s g il (amy cannsd Sl pa o 3l o g 8 ~L8M) 0l S ) 580
Loe ddpmall LIAT (5 5 ) el 5 ddumal) AdAl Clisi g p e Adle @l 38 5 o (5 siny Cogu
LAY (e RGN Calal) iyl 8 Ja) pe EOB Gaaad Ky cdinasl 5 A5 Gl shad (il

cultivation or upstream processing

purification or downstream processing

formulation

Formulation

Adjuvants: Immune Potentiators and Delivery Systems =

LY W aiat a3 Ao liall il ¢ 5 e 555 3l Jalsall aal (e 3as 5 Al A2 s 223
LAY 8 (e Lol s 3 @l gad) Ladl 5 co-stimulatory molecules g s3 2
Laalll clael 3 Lahu Lo aiudl a e APCS il detie LAY a8 aey 400
e igal ge 2t A FGEl g 5" ledinl” e leaa ) 3,08 APCs ¢S5 U5 ¢ Al
lipoproteins or peptidoglycans sle s sisd i Clalalll i dca jaall Jal gall Jial) Jan
& T-helper 2 Alsin) QG (8 Gy (oA «TLR-2 4daul 99 DCs a3 ) (5255 o g
5 T-helper 1 J 438 cllsivl Gy Gagw TLR-9 sf TLR-3 JB& (e DCs st (s
Al LAl Al jia3 A3 Hhay claldlll delua sy @) ¢ Cytotoxic T lymphocyte
Al Jall sa LS oaplall alSdy il a0l 3k e Gl Ll (Saall ey ¢ dnaliall
Llaiu¥) s il ac bl o sall e e daivall delua (3 yh (e sl ddzaaall all clalal
A sllaall

Immune =35 e ¥l Al 1 5l 4500 LAY 5 aaiiall dadia LAY ) acaiad) Jua i a2y
Lo 23 (Say Al s adjuvants @laelualls stimulatory molecules and systems delivery
58a o) Glae bl audaind § acatiad) aca A lidl Alainy) Jaad o a3 o oS 80k Lﬁi Ll e

13k bary e lidl Sleal)

N O O O

e a depot effect leading to slow antigen release and prolonged antigen
presentation.

e attraction and stimulation of APCs by some local tissue damage and
binding to PRRs present on or in APCs

e delivery of the antigen to regional lymph nodes by improved antigen
uptake, transport, and presentation by APCs.
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& Slaeluas € I Colloidal aluminum salts (hydroxide, phosphate) alaiiul oy
A ey 8 leashe o8 ) o AY) Clielad) o SN Al Gl e el
Glalal & oil-in-water emulsions s HPV  zW & monophosphoryl lipid A _Sx

A8 yrall Claelisall e ABaY) sy (5 Jsaall) s ¢ influenza

Immune
potentiators Examples Characteristics
Bacterial origin
Triacyl Pam3Cys; TLR1-TLR2
lipopeptides Pam3CSK4 agonists
_Diacyl_ Pam2Cys; MALP2 TLRZ—TLRG
lipopeptides agonists
L9 el MPL: RC-529 Endotoxms_; TLR4
agonists
Cell wall Peptidoglycan: - oy g> 1 Ra
muramyl .
components peptides agonists
Flagellin TLR5 agonist
CpG DNA TLR9 agonist
Cholera toxin B
subunit;
Toxins heat labile
enterotoxin
subunit B
Viral origin
Double Poly(I:C); )
stranded RNA poly(rA:rU) TLR3 agonists
_ Imiquimod, TLR7-TLRS8
Guanoside analogs - .
resiquimod agonists

Table 5 m Examples of adjuvants used in vaccine formulations

Combination Vaccines =

St Al ¢ saae agie dia Laild sl ae e aad) Jal (e 200 58l cilalall) Trpe oS
lalal Jie a3 Canad Cilacaivs L ) deay L e (5 i cilaldl
influenzae type b polio-Hemophilus-diphtheria-tetanus-pertussis-hepatitis B

vaccine

Sl Gl 13 s sisy Pneumococcal conjugate vaccine 13 (PCV13)

varicella 7\ ae Gsine 5l 03 jias 5 5 MMR W

AR

85l carrier protein ae A& yie A5, @l sSall e A% 13 e polysaccharides
e liall 5 SN a3 dagill s e luall Al LAY e (o el
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b Sl QU s e e lia 5 4530 50 (SUaa ) s a8 28l il 5Sa ( aaa) (533
e aiuall zling 3 (gAY U Sl ae LibeS Jeldti 8 formaldehyde e s siad
Lla (Sa gal) pany 8 gAY il dead by Y Lein deailly Cauball ) il
25 AN aigly maill ol e G aie dlin 08 Al 13 il Jd ) e ol Sl
Aa 93 30 3 aa I3 cartridges s sk

Characterization .3

1325 sl Sl g gAY A ponl A i Jie Allen ylae Eipaall lalill i 5is of i
B s Ula byl e dpeal iy saa cilaldl (33a) 5 arenadl ldadll clitl) Gl
ot 8 i) 3 ALl i) 1y il (e aiaell 53 5m A1yl ) gl e o jlad
S ) bl e el aladiul o oAl avall b Al cl JALS (G a) ddell b el
Ll e sila 5 SI Jie ilaaionall ALl 4 58l Gl sl ¢ el o5 el Ja il slra
oSl OOl s Al AL ST Bs )l A3l ¢« Column chromatographic (HPLC)
« gel electrophoresis a3l e LSl M)l 5 capillary electrophoresis (sl
a3 WS «mass spectrometry and spectroscopy Al A3k Huall Sleliall Jads
ol 4, 58l) 3kl (e enzyme linked immunoassays Jis Immunochemical assays
Jsn claslan o Jpanll (Ko Al ua s olaa¥) aladialyy (Clacainall) acsical )
plaaind gl @y ) A8LaYU de) danll an 5 S epitope Al Jsa sl dnlSa) 5 JSG
J 58 yasth — Lo L;L;ﬂ\ Lateadll - dall EBleld 8 Sl e J2ao biosensors
. affinity constants and binding kinetics

Storage .4

sie ale teaill Gl S S gl JslaeS laldlll 345 K chosaall lpeailiad e slie YU
Al AS i AlasSIl 5 4 5l Gailiaddl 5 S i) e L dla Bae daiad g 5ie da 50 8-2
the primary 335 5 Ol (Sa il i 320 2508 (8 5SE L sdle 5 Al Cag ol e
s sl 1Y) A e JUall das e eclalalll ) i e Jashall sad) e container
A8l & pliga aladiul o5 )5 )8 Balan S5 s Sl e Al pH s 5 onel) 28 )]
5 )7 vial vaccine monitors®) < sl dubuall cliialall o 50 jadlda 5o 5 s 5 el
o BV Gamy a0 (S (30l Aa ) 3 3k pla )Y Asha 5l et Ledie Led)
lie e JSE (53 78] (e B3 guailall

B s Ailil) 3 ualaal) cugii)
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