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1869 - Friedrich Miescher

=
“Discovery of DNA
" Collected white blood cells from pus

®lysed cells and isolated nuclei

" Found a substance he called
presentin every cell type he tested
high in phosphorus
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-;‘ng k’. R ."' ’
e & 9

http://www.phs.org'wgbh/novaphoto S/images'befo-miescherpg



1909 — Phoebus Levene
|

ﬁ)ete rmined correctly that:
DNA made up of chains of

nucleotides
a nucleotide is a phosphate Nucleotide structure
linked to sugar linked to one NH:
of four nitrogenous bases 2
. . . . Phosohate > Base
nucleotides link in series / k
phosphate to sugar \CI o P o) CHz
H
OH H Sugar

Phoebus Levene (1920’s)

« identified the 3 components of DNA
molecule
— deoxyribose sugars
- phosphate groups
— nitrogenous bases

* 4 nitrogenous bases identified by 1949
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Nucleoside b sl s e 325 0l gl (pa ilins 5éll e gana 4 ) B2ic

deoxyribonucleotide

NH;

Adenine PL)IN
N N

N

HOHC 0
0% H H
Ribose "
OH OH
Adenosine

H

il ialand Ay B3 5 il o 55 1S 5l

Gliu g Ao gana + Aol g i Bacll + ouled S (e Baa) o) B3 6alS gl ) 4S5

>

Polynucleotides

base
A,T,G,C

triphosphate

NH;

N
N)]/ \> Adenine
k\ \N

N

HOHC 0

H H Deoxynbose
H H

Deoxyadenosine
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DNA J} 4 gy il 5 4 il il

dsDNA (w5 Double Strand by il A8 S Glad gl oill 0 DNAJ S5
s Single strand  2die Ly b JS& (el Gy (B (55 Dlu gyl Gas laels)
: DNA s < 300 (15 (SSDNA

S 5 adsl e Jsl o) : Double helix - 1
(il s Gaallall LaDouble helix  JSé DNAJ!
1953 (James Watson and Francis = <S5
@ i3 la o ax Lad Saas (palll 5 Crick)
A, LY s JaY 1962 aledaludll g bl
Sl DA e gl sda e Jgeanl)
s Al 423Y) alaiinly DNA ey al
ol jail Bel 8 DA e el 1 e Yyl
L) Zaiy)

Rosalind Franklin-1952

Franklin studied the
structure of DNA using
x-ray diffraction. She
worked very hard to
make a better and
clearer pattern. Here
discoveries indicated
that DNA has a helical
structure.
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The X in the centre of Photo 51
ws Gaused by the holical shape of
the DNA molcutes in the sarmple
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300 adge 5' i Cua 5'-3' olaiWh b DNA ksl gl @ 2l 1 5'-3' direction 2

50 ad5e3' Laiy il gill e gans Lo Jadi i Al i€ 0¥ asiie jsml I Sl (50 sl

O s 1 sdaa oadislS o Wi Gilial Al GeassS Y1 (el Hsml )l Sl (50 )lS1)
95'-3" oWl in DNA
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~10.5 base pairs

=34 A
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Ll i ® 1 18 loall
Py O==P e O
& ] R '
o o - ° 0
X I
o 0 0 ot
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0 o o
_ DNA polymerase oM - | o ™
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o ©
A 3
——Myarogenbond 1, s ) e sl s SLsd)  nti parallela

b . “ o
o pardl lagary Jss iy DNA - s
sugar-phosphate aSlaia palacl
backbone s GRS
O s (B as il 20 o DNA 4 ki 4
a9 il 34 Ll sha oaal I aall)

z3) 5.10 (s DNA (e saalgll adlll o S35 5
o) ol ll sacldll Jgha K iy gacld
2o wSi 3.3 s gaeldll 55

sl 660 s g2l 7 530 05 6

right euds (el Ll adlll o) & 7
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Cytosi
d OS'MNH: . " Nucleobases
| -—
.
Guanine .
%
——
g .
N
-
Adenine

Uracll

helix of
sugar-phosphates

"

Nucleobases
of RNA

RNA

Ribonucleic acid

DNA
Deoxyribonuclelc acid

The People Behind

1. 1949: Erwin Chargaff
discovers the rules of
base pairing

A-T

C-G

LR RN

Cytosine .

NH,

@

H

Guanine .
o

TNH

-

Nucleobases
of DNA




4. Secondary Structure: Chargaff’s Rule

A nitrogen-containing ring structure called a

base. The base is atiached to the 1" carbon

atom of the pentose. In DNA, four different
3’ bases are found

two purines, called adenine (A) and guanine
(G}

two pyrimidines, called thymine (T) and
cytosine (C)

*A always pairs with T : two hydrogen bonds

3! \ i?’# }—\fj\ ) 5, *'C always pairs with G : three hydrogen bonds
ny :

LS 5 RNA § DNA ) (e B g )

( RNA 2) salsie V) ol sl 5 (DNA (& GanasS 5Y) Jagiiia) Hsml o) S e (5 giay LaadIS -1

5" Carbon
p

.
HOCH, o

D

I/~

H
3 Carbon/ | (—E

OH
2 Deoxyribose

(o il 33) (S 0585 15 il il e a5 sing Lat DS -2
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Phosphate
Group

b At ) 2 Al e e sane lla ;A U o) e (s giny LaaDIS -3
Adenine and Jadis ddlall 4005 LS je a5 Purines Sy sall -1

RNA 5 g DNA (5 0353 50 585 (iac @) WIS o) Cus Guanine
NH, O
i J
N= HN™ '\
9 N" 8 HaN™ °NT
adenine quanine

& el B OO0 Jadii s sl Alal a5 1 Pyrimidine Sl il -2
( RNA (8 22 5¥ 5 DNA (& 18 352 50) Thymine (el o
( DNA (8 2> 53¥ s RNA (8 Jad 3 ga ge)Uracil daml sl o
(DNA &8 5 RNA (& 253 54) Cytosin Omsilall o

; NH, O O
| =N N " TNH
2
N/j%O N/J%o N/KO
H H H
Cytosine Thymine Uracil
|
|

ol gl il (g9l sl ALl Bas gl ewd
Nucleotide

Clis 8 Ao gana +[(pansS V) (a siia sl (galie V) ) sl HlI] JSas) (e 05 S gill () oS
Axba 5 il oac 3t

R )55 0yl 0 S sl
DNA J il o€ o1 and <l 5dl)
st 1 hilas
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Deoxyadenosin triphosphate (AATP)

Deoxythymidine triphosphate (dTTP)

Deoxyguanidine triphosphate (dGTP)

Deoxycytosine triphosphate (ACTP) :blw RNA J) @las ol o0 eusi 1t

Adenosin triphosphate (ATP)

Guanidine triphosphate (GTP)

Cytosine triphosphate (CTP)

Uracil triphosphate (UTP)

Nucleoside wlu siIS 55 (e 2 518 5l (o Silds sall e gane as Lovic |

S AY) e sanall) lin @l L) 5585 RNA ) DNA Jusd Jah adagi jall sag oIS gil) 1
() Ty ) () o S gill Adlial die gt » jall sagi S 5ull

DS Wl )l 6 8 GHC z sl osSe <llaly | A g 0 gl 5 SO G sl (il 581 o i
s JE 5 1) i

A+U 5 AT zool 058 dlily dia s pals (085 el dawl sl ) Cpalilly (d) i i |
g il g 1l il JB g Uals ) Canaal
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O 2" deoxyribose < L u A :
| s R o1 NN
“O—P—OH HOCH, - = T OH H base
d- H N 44 H -
phosphoric acid HO H
it o H. H
N
N.__ -~ .
; an
-O. S
O—P—OCH;~ o
1! H N H
HO H

nudeotide (dAMP)
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~10.5 base pairs
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Jsaall W Slag) () DNA A JISa1 2536 clltia 4gulad o) smy DNA ) J&T - 11

:‘g\_ﬂ\
Characteristics A-form B-form Z-form
esnesxileH(os sl o) |Right handed | Right handed | Left handed
Rotation degree 33.6° 35.9° 60/2°
Mean bp/turn 10.7 10.0 12
adl JS1ae ) gl =g 5) Jasa
retemai D (_kall) 26A 20 18 A
Medium Foundin Found in Found in
48 2a) 51 ) Jas ) dada dehydrated hydrated dehydrated
medium medium medium
Commonalty Less common More Rarely found in
40 ganll than B and Z cell
commonly
form
found in cell
that A and z
form

__Minor Groove

A-form RNA B-form DNA Z-form DNA
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L& Double strand (dsSDNA) dai il da 53 30 Lall 45 3a (5S35 3168 Ay A - 12
* WS Single strand (ssDNA) Ja y&ll 83 80 (585 Mg Sl g udll (arg g by yiSulla
]
.Parvovirus B19 Jis &l g sl
anti sense = e 3'-5' ola3Y) 53 Wl sense = 5'-3" olai¥) g day pll) e - 13

b Lal Ly 2t DNA ) 2 53 3all Jay y3 (denaturation) bl ¢lé (S = 14
’ d

< High temperature (about 95 °C)
< High PH solution
< High salt concentration

Aldy RNA ¢ sl sl paalad) qus i 1 Ldl
tob LaS g Clp LAY lary aa DAL 4S5 A

T 055 Cus Gl e s Single strand (SSRNA) Gale Jay pill o e o5 - 1
& Sy tRNA B (5 ) 5u 0 (5553 (adlall 8 LS Double strand (dsRNA) Ll
sastie Jsul ol Ge Ya Jsul ) e 4S5 8 osisy - 2 Rotavirus die Gilug bl (o
xS gY)
Jrul sl e Leie Y 5 gisy i thymine cpeltil) axia g 5l sac 8l e 4uS 55 3 g 5ia0Y - 3
(s 5 A o) gl Lgailla 8 Calind RNA I (e g sif 32 @lllia - 4, Uracil
MRNA=messenger RNA(carry genetic information encoding for protein)
tRNA=transfer RNA (transfer amino acid during trandation)
rRNA=ribosomal RNA (one component of ribosomes) snRNA=small
nuclear RNA (one component of spliceosomes) exRNA= Extracellular RNA
(also known as exosomal RNA) found in boby
fluid like blood, saliva, breast milk, urine, semen, menstrual blood, and
vaginal fluid (syntrophy)
piRNA= Piwi-interacting RNA (gene silencing)



snoRNA= small nucleolar RNA (required for rRNA maturation)
mMiRNA=micro RNA (halt translation or degrade MRNA) siRNA=small
interfering RNA (halt translation or degrade mRNA)
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ONA M1 lustene

octamer of core histones:
H2A, H2B, H3, H4 (each one «2)
core DNA

Care of 8 Histone Moleoses

histone H1
linker DNA
Niear N Nucleosome

Q58 U5 Solenoid structure (saey (A gl JO& JOET o g galS g Al JS paas -2
Fisasili 30 W kb

Solenoid structure (30nm)

DNA Lall Condensation ia 5 Packing 4ms ddae (8 ¢y simgd) 50 Lla Wl poaly 0365 Laa
R Glllin Jgb 51 sl Ay LS ) Al Wl Eukaryote ) sl A il Y Al
a5 S5 il LS5 aniy 555 il sall 5 € DNA Liall
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Prokaryotic Chromosomes Eukaryotic Chromosomes
1-Many prokaryotes contain a single 1-Eukaryotes contain multiple linear
circular chromosome. chromosomes.
2-Prokaryotic chromosomes are 2-Eukaryotic chromosomes are condensed
condensed in the nucleoid via DNA in a membrane-bound
supercoiling and the binding of various nucleus via histones.

architectural proteins.

3-Because prokaryotic DNA can interact 3-In eukaryotes, transcription occurs in
with the cytoplasm, transcription and the nucleus, and translation occurs in the
translation occur simultaneously. cytoplasm.

4-Most prokaryotes contain only one copy | 4-Most eukaryotes contain two copies of

of each gene (i.e., they are haploid). each gene (i.e., they are diploid).
5-Nonessential prokaryotic genes are 5-Some eukaryotic genomes are
commonly encoded on organized into operons, but most are not.

extrachromosomal plasmids.
6-Extrachromosomal plasmids are not

6-Prokaryotic genomes are efficient and commonly present in eukaryotes.

compact, containing little repetitive DNA.
7-Eukaryotes contain large amounts of

noncoding and repetitive DNA.
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:bUJ\ M\@Fﬁ%}bh‘}@\)}'éjw






dyread) s Blygy ! ) oo

U
Uuu
, |uue | Phe
UUA
UuG Jteu
cuu CCU — CAU ... | cGu
cuc ccc CAC — cGC
C Leu Pro Arg
cUA] CCA CAA 5, CGA
cuG o o c o CAG — CGG —
AUU — ACU — AAU AGU
A |AUC | lle ACC | L. | AAC — Asn | LGC _|ser
AUA — ACA AAA AGA:I
AUG — Met | ACG— AAG — Y% | aAgg A
GuUU GCU GAU — p | GGU
Guc GCC GAC — GGC
val Ala G
G |gua “ GCA GAA — . | GGA by
GUG GCG GAG — GGG

sacldll Loy caats Al déall a5 wobble phenomenon «dill 3 jals ) dda -4

Baclall Jiss Al g mRNA e 4 sasall (third base of codon) il & 44Ul

o2 cauiy tRNA e A sendl (first base of anticodon) s adll sz i sV

Gaay Gl Saa ) 2y dua panaddlll saey caalt Sus wobble base = 3l

3 aall e AN el & non traditional base pairing b e bl )
ol J sl 8 e LS5 5,080 am e (Y1

Base pairing m RNA (Third base) |t RNA (first base)
Traditional G C

Traditional U A

Traditional A U

Nontraditional G U

Traditional C G

Nontraditional U G

Nontraditional U I




iy el sl Y1 Blyg9 i) dmldl oo 3 poeal)
sl

Nontraditional C |
Nontraditional A |
:3) 9l Apilag g Aglia (B o gau g 1) S

Large x5l 5 Small subunit 3_sall ad (ias 5 (e a g sl H (5SS ddle o) g
& Rl o rRNA 4 su sl ) 40555 ialeal Qi gy (e 0 5SH Slas g1l 028 5 subunit
oLl JSAIL e ge LS 81 ill 4000y 8 Lae 31 ill dda

eukaryotes bacteria

80S 708

60S S0S
(4718 nucleotides) FEETLITN (2904 nucleotides)
BTN (160 nucleotides) EFLDT (120 nuclectides)
ESLITE 1120 nuclectides) +

408 308
(ESTL0TN (1874 nucleotides) EEETEETY (1541 nucleotides)

Bt 68 I Them 10 Garetids 10 Garked SOenie 29071

= oot adl g ) G QW e alalSiall da g gl Sl S a3
& RNA 7 530 48k e (53l 75,30 &8ss (E site) Exit site

Jesall tRNA 4 pasats 3l 854l (P site) Peptidyl-tRNA Binding site
LS s 3 Lisa¥) (mlea) Al Ta ) ise¥) malaly

oLl pa



iy el sl Y1 Blyg9 i) dmldl oo 3 ool
dwslud!

Jasall tRNA 4 pasals Al B gall (A site) Aminoacyl-tRNA Binding site
oLl ave WaS 5 3 pdiall daadl eVl Gaalall

P site (Peptidy-tRNA Aminc end 2 Growing polypepbde
binding site)
Asits (Amincacyl-
tRMNAbInding site) Nextaminoacid
E site % be addedto
(Exitsita) poypaptidechain
Large '/
subunit
mRNA ¥
mRNA
binding site Small
subunit &

. Protein Synthesis (Translation) (x93 aia dles
EN e JaiSiy )l Ay A e JS B a3kl dilia 3 dulea) el iaad
:&L&) Jdal ye
&5 MRNA g 3 _ysall Lo sus su) 5l 32s gll Lol )) (g ¢ Injtiation sl Ala e -1
MRNA ) e 329a gall cadl 3 85 jaar 3 (initiator tRNA) =2l tRNA &=
Y padall jnitiator tRNA Jesy Cus UAC B840 A Jesy dus (AUG)
Met- o sal Cun (615l Al (8 (isiie Jaa il 5) 3501 dda 8 (i il
oaa il Jagi 5 Gl aey (483 (alea¥) (8 Caaay LS) A Gy P adisall 8 tRNA
pda Ghgan aclud clivig p Sllia a3l SAL paall ey el ddma o SH 5 )
1olial JSAIL mia g0 WS 5 Initiation Factors (IF) = dacisa o 5 4slaall



iy el sl Y1 Blyg9 i) dmldl oo 3 2ol

dwslLJ!

Large
rbosomal
P site subunit

Initiator tRNA

mRNA

5 3 5 -3
mRNA binding site Small Translation initiation complex
ribosomal

subunit



iy pgoeal) sl Y1 Wly9g ) ) ode 3 2ol
dwslud!

f tRNA ) e Al Gasall Jaead oy caS

doy 3l = 53 30 (sl st el 4l ¢ tRNA ) S 55 38 jaa (e sl (8 Y
(3 Ain 3 Lyl #5330 5 sSs A) am gl g sl 0 (sl melall sa )
olial JSAI 8 (haae LS 5 Loops @ile) sill Bae (e () 5Siy Cus

aminoacyl-tRNA synthetase a3V ddaul s eY) (adlall tRNA J desad &3
el JSAIL e LS

Amino oacid
binds.
ATP binds.

/-"‘_‘—/ . o

ya) A

Amine acid /
Pj ATP

Aminoacyl-1 RNA ".' ATP looses two
“i synthetase /J phosphate groups
" i \ m‘” and binds to the
nzyme returns ! " amino acid as AMP.
to its original
stote. w
AP W |
I Val
T tRNA binds.

oo-tRNA
relensed.

ANP relaosed./b
Uncharged
Aminoacy]-tRNA aa-1RNA-enzyme tRNA sa-AMP-en2yme

(28-tRNA)



dypread) st Bygg ! gl ohs

2014- 2015

s |

It Cogn A adgall & (SUI tRNAJ) pm i 3 1 Elongation AUaY) s e -2
A (e () B i) Gadally (Y1) Gilad) i) aalall Loy ) dilee
5V siwe¥) Gadally dasa AU tRNA I sSs (JUL 5 Lagi 431 o gl (555
m B adsall gl tRNA JI J55 Cus saal g o shad o gus gl Hll & e JU
A sl maans P adsall G AL Jesdll tRNA I Jitiy s aliead dlad 7 30
2 ASall o3 anis aaa el (raelay Jese s tRNA JuEinY Leas ¢
o (Al Al g ) any 3ga g AN adla ) ddaall 238 ZUsS Translocation
3,48 A daai o A Alaall 228 i s Elongation factor (EF) Aday) Jal say

. ‘_.N; Amino end @&
) of polypeptid
T ety
miRNA
Ribosome ready for ¥ 3
naxt aminnacyl tRNA ¥y

'Iruslocutioa. The nbosome
franshocates the tRNA inthe A
sietothe Pste The smpty tRNA

inthe Psitz ismavedtothe Este,

whers itis relessed. The mRMNA

maves along with £ bound fRNAs,

benging the next codon to be
translatedinto the A site.

;olial JSAIL eia g0 LS 5 | (stop codon) ey

W Codon recognition. The anticodan
of an incoming aminaacyl tRNA
base-pairs with the complementary
miRNA codoninthe A site. Hydrolysis
of GTP incraases the accuracy and
efficiency ofthis steo.

‘Pqnirh bond formation, An
rRANA mokeculs of the large
subunit catalyzes the formation
of apeplide bond betanan the
new aming aad in the A site and
the carboxyl end of the growmng
polypeplide nthe P site. This step
#laches he polypepbde fo the
tRNA N the & site.



iy el sl Y1 Blyg9 i) dmldl oo 3 ool
dwslud!

(e L;i e}uﬁg\)&\ adbial Ladie dls yall o2a jas © Termination elgy) As je -3

Releasing sl Jalse amy A adsall s Cus stop codon L) &l il

Glaa g Lol )l cla g adull daetie b ja8 e Jeny 050 (53l Factors (RF)
1oLl laladall Jd maia 9o LS g MRNA I s o gus gl )

Release
factor o

W Free
ﬂb polypeptide

Stop codon
(UAG, UAA orUGA)
@ Whenarbosome reaches a stop @ The release factor hydrolyzes @The two ribosomal subunits
codononmRNA theAsiteofthe  thebond betweenthe tRNAIn  andthe other components of
ribosome accepis aproteincalled the P site and the lastamine  the assembly dissociate.
arelease factorinstead of IRNA acid ofthe polypeptidechain.

The pelypeptideis thus freed
fromthe ribosome.

MRNA Jsb o 4e jgall e e gl )Y (0 48 924 98 : Polyribosome

Jsaally Gase LaS o 81 5ill Aoy g a8 (35 5 5l i dilee (38l mia g Ly Ladd
:bUJ\

51,5300 dihay 51.530) Aida ddal) <

70S 80S P |




iy el sl Y1 Blygg i) ) e

WAL IN]
dwslLJ!

fMet-tRNA Met-tRNA | W tRNA | 2
dshid 165 RNALLS ) 2y Eaasi|40s 3 peaall sas gl Lalii ) aey Ehass ead) dolec | 3
Shine-Dalgarno |5' cap 4éhic j3
IF ey «b|(elF-1 to elF W Jenso e o S| |F eadl Jalse | 3
d (IF-1, IF-2, IF-3) elF-6)
b s AN (A AN | ALY Jalse | 4
2l GTPase m ) ) EF-Tu | e xclu GTPase ~ ¥ ) eEF-la EF
& Jeadl tRNAD Js2a e |P gt a8 gall () Jesall tRNA Jsaa
(P or A g el #8 sl (or A
eEF-1a ¢ GDP J! 4l })) eEF-
EF-Tu ¢« GDP J' 41 3)) EF-Ts 1By
I Gkee Je) EF-G ( Translocation ) 4ulae Jews) eEF-2
( Translocation
125 RF Ll ey 4330 '* 9 eRF L Ja 433 |RF ele¥) Jalse | 5
UAA sl 585 Sae RF-1|  UAAand s¥) id 3m eRF-1
and UAG UAG
UAA el Jijid jue RF-2|  UAAand sle¥! 548 e eRF-2
and UGA UGA
Sinal) Juadl ddee (o & un RF-3 Badl) Jlati) Llae (30 & eRF-3
Sl 0ddxla = MRNA & saal g Ghlidl aae | g
=z Polycistronic monocistronic mRNA (& ol
MmRNA Coding region

of mMRNA







Genetic Mutation 45 3 ikl

S ol s stue o (655 A0 sl salall 8 Jualal) sl Ll e 481 ) gl) 3 dkal)
psm 505 S

L sy g Lall dgim g i) ae) il (8 jass of Ll e 5 jidall (o e Cpad) (s giaa b
& a5 A Adaall pandi s A0 ) ) dball(3ade Gl any A ) dse @l ) a5
10585 Gl s Mutageness upilaily » jakll & sas

lelelse ol Lo a0l (o daglall a0 jiladl) Ll g2l Jads : Natural 4ssd-1
CEasoW B)) audasal Bale) Buok (e 3acl yuad Tautomerism 4xlsuall o
Gl gl 63 2190 3 (g3 Lae baclall Gl g yugl) Jayl 5 Jaad Jaaaty 3 o
olia) JSAl 3 e ge WS g Cieliadll (L dala

enol- OH Ciiiaiing C) keto-
H\ J\ I\E
H
thymin O keto
H

g ddse JSE (w32l Depurination  Clhpsdl g e
L) Aqhy ) s sacld Al) 3Y Aagis Gasy Ay Apurinic Site (AP site)cs s
Lall ~Slal cillee

& Ale 3aeld Jadl ga5s Al Ol e gana ¢ 5* :Deamination R g e
oLl geia s LS sl ) 59 (A Cns sl Joai D (5 A



NH,
N N + HaO
| =T /K
N @
H
Cytosine Uracil

Lfﬁ\ :\7’ IXER Al ujté_m U"-’L;L“S J}-\AEA ds-:ﬂ-' M g»;.mj: Induced m'z
“n . S\o)éﬂ\ L "‘;\S\JA\)’J‘L}“}Q\)S}J‘}\QL‘SJ‘J\ A z!&&ﬁM\SJﬁ‘M
- (Mutagen = o siladl Jal sl pass) 2

ol) el () g AniiY) Lgab] g o4 oy 5ull) Jal gad) 2N o

LalS Gnil 5 X-ray sl 4239 Laals : |onizing Radiation 4ysall 4xdY) [
1;.'\..4 A e ball Qlae e Jaad Eua y-ray
o pa¥) ashad JMA (1 Single Strand Breaks e il asl i adadl) -]
4_)31_\3 DJ*AY\ j\ %}).\.\M aqr_ul\} )&J\
ol GusSEJYA e oy 5| (Phosphodiaster bond) umﬁl\
S s o )
o pa¥) axhati A 10 Double Strand Breaks o yall SIS A odadl) 22
i 8l 4005 o a5l dxia g iill saclll 5 Sid)
oadl Hsaall 0SS PR e dlld Sy L (Phosphodiaster bond)
S U

Single Strand Break

Double Strand Break



3- :Base Damage
98 A&y Wearl g :non-ionizing Radiation 4se sl 4adY) [
lllia Ll A0S 55 48 Y1 ¢l sall 5 132 dadiia Cn - UV-light Aspemdiyl)

P AV (e o) gl A3
UV-A 400 nm - 320 nm

UV-B 320 nm - 290 nm
UV-C 290 nm - 100 nm

(A (e Ll Gl e Jasi Eua UV-B (o g 55Y) 028 hadl o)
o Al U 5 g8l (il Cus phOtOProdUCES A sua il ye (55 -1
iy Bale) g )8 aae e Alls ) a5y LAl J8 e UV-B A
Lganl 5 448 gucall LSyl 530 4 480 il I
Cyclobutane pyrimidine dimer (CPD) e.g. Thymine Dimer
6-4 pyrimidine —pyrimidone

Ol o O

HN s —MNH

1 o)\fg‘ .‘N/KO
HN)k R P 4 &

5 1/
| 2
€ f CPD

. HN 7Y :
S . 0 R
07 °N N
HNJ\S("OH

3!

0O

|
3.

dipyrimidines 5 S

(6-4) photoproduct




(a) (b)

UV light
\. \\

Thymine '
bases C
51
Sugar-phosphate
-2 backbone

single-base or Double-base el z5) 5 o8k il Jlaidl
Ol s gilad) Jlasia) & WS substitutions

() oS Al g oA gaasSl) Jal gal) sl
a4 44 5beS o 5 4 5 - Base analogue mutagens 1 sl clgtéa -1
O Ban Ll iy (el s il sallyabiie V) agia g il ae) @l S
13 sall 038 (e 5 0 jilall A a5 il 2o ) ) (e g 53 e HIS) e Ja
s o) OSae el ualill andy 58S IS5 4l 1 5-BU Jalosises -5 e
O S e i Y (e Sy (s siiaad) il (gl IS5 5 80Y) aa

Common keto Adenine lonized form Guanine
form of 5-BU of 5-BU

(a) (b)



Yl dady SS IS 4l 5-BU (e sSall e 2 2-AP Gaugnginl-2 e
Ll Y1 (e AiSay 0l S by (Jsi) JSG 5 Cpaldl) pe Jati g O S @l
O silad) ae

Protonated Cytosine
2-AP
(a) (b)

ot 5 Ay 5 yiil) Bac 8] ae U ydle Je it Jal sl o281 Alkylator ) Jal g -2
13 gall 838 (305 mispairing Lli Y A Usd s 5 A0 32l ) La juas 4
Ethyl methane sulfonate (EMYS)
sy Jasi i (Al 5 (e 43lis) ol S i) -6 (N ol s8I dasad (e st Cia
AT A G:C Ly Jsadsalall oda o (o) el aa

b HsC — CH.
/ :

/
/

FN 0=——H—N
.,N\g/_\ N—H- — —r.
= )

\ J
N—H-—-0 ¢

/

H

Guanine Cytosine

Methyl methane sulfonate (MMYS)
Diethylsulfate (DES)



Nitrosoguanidine (NTG, NG, MNNG)
Mastard gas
Jadiy 15 Al Jalge -3
Oal danS 5o () G silad) (8 (aY) de sane Jsmn (o311 Gal JamS g oagd) o
Oe Yy oWl dag Al dasl s (S50m A Gausiladl Jeag @l
AT A G:Chls ¥ Jgadealall sda o) o) il <

1V (535 Cun 2o Bl (e (el de gana i e Jamy (531 jg A Gaala .
Jsai oalall 038 o)) (51 Copen gibeadly Jai (o2 5 gl ) i) g g
G:C AT Lla vl
Jsai oalall 038 () (51 Chia¥ Jaut gy (o) Janad ) 5al) 1 o gileal) Jy g
AT J G:C s,y

1ol i (il g a9l gl Jal gad) oL

Baa 5 5 5S8 o) Sy S (insertion sequence) 1S gl Judls -1
o sliay Lalall Gl i) 5a B2 5 A o (5 58n3 A e
Lellia y 4 guall il aliaall
AS1 5 1S10
.Tn3 s : Transposones (s sl ill) dza giall Jal gall -2
.Lysogenic bacteriophage 4abexi¥) 4,8l aliladl -3

4505 £ 53 Wy g0 audal AN g Ay £1 630 Bae ) <l jidall s e jilal) £ 630
:‘;‘:ﬁuuﬂeﬁuﬁj

(o) pnadilg sAd ol Ao W il Gus Y )

i€ e cliad) il i Cailds y i Lotie Caaas <l jakall s2a 1488 gl) a8 Cf ik
Gl Llle @lly 8 a3l 5 el ol ¢ JalSI asads 5 JaY) 28 Laxie 3 paea
o3¢ Adasiyall 4y allall Llall (5S5 Sdle s gmorphicdSall daae 3 ik Ll
Apadie il bl

230 3335 B (il g Lans Cumy Aaiaal ol il s ke AR 1) a0 i
JCE Baas @l il e Lle a5 3ol 2y palla Talally 3dasi o ()5S 30le & jaball
.neomorphic asidl sy f




Jan3 (N (535 cantimorphic JSEll saliae <l ik “Liayl ans 15l Adlas &l 4k
il g i L sale ol jalall o2 Jaadll 4y 50 JAYOU aalie JS Aamall dpial) il 53l
Bl () 580 Lgy A5 Rall 4 paldall Llall g (Aad ye o sSisale) Aare 4 3a

5_ahall 03gd Jalall all Sl @ gal (g5 1 Aduanl) il yidal)

oAl el & ey il Ll s s A il ik cdgea gl ikl
PROAY

() Al grdaadlall o Wy il cawa (LU

dadlia (e daad @l g gl () 5S35 alhall el e Ll 5l s jik o 15 Ll 3 ikl
RSN

Ll iy Ause yall ailiim aeai gl coall AN Aadla i 5 jika & A8l 3 k)
Al 0585 gl el e

o2 Axdl ol 3l @l il Lde iy Y s,ih il e () Tad el 3 dkll
Ll Jazay Enaat &) jalall

s 130 Ciile UG 3o o Ad5e 0 6S5 85 jika Ll e )y “ad B adlacal) Audi B ikl
Sl 2,3 e (5 5S3 Bl 4 ol jakall alaea off 55

(o) el g smtll) (g ) S 5 o) A Al ) ol i s (LI
3acl8 Jlaiin) Gawati Y 4daiilly Cuew : (Point mutation) 4sidl » glll -1
13l (Transition substitution) (ASiall JlaiuYh ey add saal s dyiaa g i
O (b (Ao sanall (i (3e) Gpe by el ) G s Geosad Jladal Gaa
Jlaiu) Gas 13 (Transversion substitution) (ASiadl puall Jlaie¥l cad

1ol e ge LaS 5 (4dline palae (10) grana (Sl 5 Gae b (s

\
S5-AAT CGT GGC CCT ACC TCC AAA-3

Wild type
3-TTA GCA CCG GGA TGGAGG TTT-5



4
Mutanttype  5-AAT CGT GAC CCT ACC TCC AAA-3

(Transition) 3-TTA GCA CTiG GGA TGG AGG TTT-5

'
5-AAT CGT GGC CCT ACC TCC AAA-3
Wildtype 3-TTA GCA CCG GGA TGG AGG TTT-5'

v
Mutant type 5-AAT CGT GE C CCT ACC TCC AAA-3

(Transversion) 3-TTA GCA CGG GGA TGGAGG TTT-%

Al £ Y (e sanl g () 5S3 Agdaiill o jalall o3¢ AagiiS
saclal Jlagin) daasy Leadie isig: NON Sense dwwada pal) 43hadil) o ikl v/
Lellia g AN ) )38 pesaal g ) RET 0 85 (pania
Wildtype DNA 5-ATG CGT GGC CCT ACCTCC AAA-3
3-TAC GCA CCGGGA TGGAGGTTT-%

l Transcription

WildtypemRNA  5-AUG CGU GGC CCU ACC UCC AAA-3
Trandation l

Wild type Protein Met Arg Gly Pro Thr
Ser Lys 5-ATGCGT
GGC CCT ACCTCC
AAA-3
Wild type DNA



3-TAC GCA CCG GGA TGGAGG TTT-%'
v
Mutant type DNA  5-ATG CGT GGC CCT ACCTCC TAA-3

(Transversion) 3-TAC GCA CCG GGA TGG AGG ATT-5

l Transcription
Mutant type MRNA 5-AUG CGU GGC CCU Acc ucc [BIEA-3

l Trandation

Mutant type Protein Met Arg Gly Pro Thr Ser SO

sacldl Jlasiu) dasy Ledie xiliy: Missense gueadl) Adbld 4ddil) o ikl v/
rsbal) e Lalai cilida (Al Gaala ) i s i e

5-ATG CGT GGC CCT ACCTCC AAA-3

Wild type DNA
3-TAC GCA CCG GGA TGGAGG TTT-5'
Transcription
Wild type mRNA 5-AUG CGU GGC CCU ACC UCC AAA-3
Trandation

Wild type Protein Met Arg Gly Pr@ Thr Ser Lys









5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA
3-TAC GCA CCG GGA TGGAGG TTT-5'

\
Mutant type DNA 5-ATG CGT GGC CGT ACCTCC AAA-3

(Transversion) 3-TAC GCA CCG GCA TGGAGGTTT-5%

|

5-AUG CGU GGC v’:ﬁGU ACCUCC AAA-3

Mutant type mRNA Trandation
Mutant type Protein Met Arg Gly Bl Thr Ser
Lys

oyl (e 328l Jladin Goay Ledie iy Silent ddeball 4dail) & ikl v/
Lebal) (A aalal) udi i

5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA
3-TAC GCA CCG GGA TGG AGG TTT-5

l Transcription

5-AUG CGU GGC CCU ACC UCC AAA-3
Wild type mRNA



l Translation

Met Arg Gly Pre Thr Ser Lys
Wild type Protein

2014- 2015 s

5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA
3-TAC GCA CCGGGA TGGAGG TTT-5'

v
Mutant type DNA  5-ATG CGT GGC CCGIACC TCC TAA-3

(Transition) 3-TAC GCA CCG GGG TTG AGGATT-S

Transcription

5'-AUG CGU GGC CCC ACC UCC AAA-3
Mutant type mRNA

Trandation l

Met Arg Gly Bl Thr Ser Lys
Mutant type Protein

stasf



A=Y o Delete wdall Jeds s : (Frameshift Mutation) JUay) da) 3) 5 8 -2
COaluatl) IS IS (8 a0 LY an) 13gn Cunans s S gl A g 535 3208 | nsert
Ml Q) 8 a0 LS g Ll 3

TH EIIGCATATETH ERAT dand il
THE BIG CAT ATE THERAT (IS uai LA Lgapndli 22
THEIGCATATETHERAT leall ual Coja Chis 2
THEIGC ATA TET HER AT (IS ol GO Lgapuli a2y

2014-2015 i | stus

5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA
3-TAC GCA CCG GGA TGG AGG TTT-5

l Transcription

5-AUG CGU GGC CCU ACC UCC AAA-3
Wild type mRNA

Trandation l

Met Arg Gly Pre Thr Ser Lys
Wild type Protein

l Insert A



5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA
3-TAC GCA CCG GGA TGGAGG TTT-5'

Mutant type DNA  5-ATG CGA TGG CCC CACCTCCTA A-3

(Transition) 3-TAC GCT ACC GGG GTG GAG GAT T-5

|
|

Transcription

5-AUG CGA UGG CCC CAC CUC CUA A-3
Mutant type mRNA

Trandation

Met Arg Trp Pro His Leu Leu
Mutant type Protein






Chromosome Aberration 4sa s ga 5 Sl cNESY) g cila gl)
Genetic Mutation 4l 3 ilal) Al

(o) it g iUl (g ) S 5 ) A€ Al ) o iU e (IS
el Jladul Geati @Y kil cuew ; (Point mutation) 4daiidll o_akll -1
13l (Transition substitution) ASiall Jlaiul cawis as saal g Ay g 50
O (B (Ao senall L (a) Cpdsaila el ) s Gaosad dlagind s
Jlai) Gas 13 (Transversion substitution) (A5l uall Jlaia¥l e

1olial e g LaS 5 (4dlide pralas (10) grana (uSall g adae b G sl

v
Wildtype 5-AAT CGT GGC CCT ACC TCC AAA-3

3-TTA GCA CCG GGA TGGAGG TTT-5
v
Mutant type S5-AAT CGT GAC CCT ACCTCC AAA-3

(Transition) 3-TTA GCA CTG GGA TGG AGG TTT-5

'
5-AAT CGT GGC CCT ACC TCC AAA-3
Wildtype 3-TTA GCA CCG GGA TGG AGG TTT-5'

v
Mutant type 5'-AAT CGT GCIC CCT ACCTCC AAA-3
(Transversion) 3-TTA GCA CGG GGA TGGAGGTTT-5%

A &) Y (e a5 ) S5 Apkadil) o jidall o3¢ AniiiS
(s 5ae 8] Jlaginl Casy Ladie il y: NON SENSE dwmaia pad) 43kl <l jikal) v/
Lellia g CARN) ) )35 Cpe saal g I a6 jid



5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA
3-TAC GCA CCG GGA TGGAGG TTT-5'

l Transcription

Wild type mRNA 5-AUG CGU GGC CCU ACCUCC AAA-3
Trandation

Wild type Protein
P Met Arg Gly Pro Thr

Ser Lys

5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA
3-TAC GCA CCGGGA TGGAGG TTT-5'

\/
Mutant type DNA  5-ATG CGT GGC CCT ACCTCC TAA-3

(Transversion) 3-TAC GCA CCG GGA TGG AGG ATT-5'

l Transcription

Mutant type mRNA 5'-AUG CGU GGC CCU Acc ucc BiEA-3

l Trandation

Mutant type Protein Met Arg Gly Pro Thr Ser ElOR



Crana Baclal Jlainl dhasg Ladie #3050 Missense guwadll dilald A dadil) ¢l yilal) v
rsbal) e Lalai cilida Aual Glaala 1 adse i

5'-ATG CGT GGC CCT ACCTCC AAA-3

Wild type DNA
3-TAC GCA CCG GGA TGGAGG TTT-5
|
|
Transcription
Wild type mRNA 5-AUG CGU GGC CCU ACC UCC AAA-3
Trandation
Wild type Protein Met Arg Gly Pre Thr Ser Lys

Wild type DNA 5-ATG CGT GGC CCT ACCTCC AAA-3
3-TAC GCA CCGGGA TGGAGG TTT-5

\
Mutant type DNA 5-ATG CGT GGC CEGT ACCTCC AAA-3

(Transversion) 3-TAC GCA CCGGCA TGGAGG TTT-5'

|
l



5-AUG CGU GGC CGU ACC UCC AAA-3

Mutant type mRNA Trandation
Mutant type Protein Met Arg Gly Bl Thr Ser
Lys
A 5 480 (penia Bac ] Jlaria) dhasy Ladie C:‘-ﬁjl Silent Aialall 3\*&3.3\ &\JM\ v

e Y paalal) (bl

5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA
3-TAC GCA CCGGGA TGGAGGTTT-5'

l

5-AUG CGU GGC CCU ACC UCC AAA-3

Transcription

Wild type mRNA

Tranglation
Met Arg Gly Pr@ Thr Ser LysWild
type Protein
5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA

3-TAC GCA CCG GGA TGGAGG TTT-5



v
Mutant type DNA 5-ATG CGT GGC CCCIACCTCC TAA-3
(Transition) 3-TAC GCA CCG GGG TGG AGG ATT-5'
Transcription l

l

Mutant type mRNA 5-AUG CGU GGC CCC ACCUCC AAA-3
Trandation

Met Arg Gly Bl Thr Ser Lys
Mutant type Protein
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5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA
3-TAC GCA CCGGGA TGGAGG TTT-5'

l Transcription

5-AUG CGU GGC €CCU ACC UCC AAA-3
Wild type mRNA

l Tranglation
Met Arg Gly Pr@e Thr Ser LysWild
type Protein
l Insert A
5-ATG CGT GGC CCT ACCTCC AAA-3
Wild type DNA

3-TAC GCA CCG GGA TGGAGG TTT-%

Mutant type DNA  5-ATG CGA TGG CCC CACCTC CTA A-3

(Transition) 3-TAC GCT ACC GGG GTG GAG GAT T-5



Transcription

5'-AUG CGA UGG CCC CAC CUC CUA A-3
Mutant type mRNA

Trandation

Met Arg Trp Pro His Leu Leu
Mutant type Protein
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1-Numerical Abnormalities:

When an individual is missing either a chromosome from a pair
(monosomy) or has more than two chromosomes of a pair (trisomy). An
example of a condition caused by numerical abnormalities is Down
Syndrome, also known as Trisomy 21 (an individual with Down
Syndrome has three copies of chromosome 21, rather than two). Turner
Syndrome is an example of monosomy, where the individual - in this
case afemale - is born with only one sex chromosome, an X.

2-Structural Abnormalities:;



When the chromosome's structure is altered. This can take severa forms:



Deletions: A portion of the chromosome is missing or del eted.

Duplications. A portion of the chromosome is duplicated, resulting
in extra genetic material.

Trandlocations: When a portion of one chromosome is transferred
to another chromosome. There are two main types of translocations.
In a reciprocal translocation, segments from two different
chromosomes have been exchanged. In a Robertsonian
translocation, an entire chromosome has attached to another at the
centromere,

Inversions: A portion of the chromosome has broken off, turned
upside down and reattached, therefore the genetic materia is
inverted.

Rings. A portion of a chromosome has broken off and formed a
circle or ring. This can happen with or without loss of genetic
material.

Most chromosome abnormalities occur as an accident in the egg or
sperm. Therefore, the abnormality is present in every cell of the body.
Some abnormalities, however, can happen after conception, resulting in
mosaicism, where some cells have the abnormality and some do naot.

Chromosome abnormalities can be inherited from a parent (such as a
translocation) or be "de novo" (new to the individual). This is why
chromosome studies are often performed on parents when a child is found
to have an abnormality.

How do chromosome abnor malities happen?

Chromosome abnormalities usually occur when there is an error in cell
division. There are two kinds of cell division.



Mitosis results in two cells that are duplicates of the original cell. In
other words, one cell with 46 chromosomes becomes two cells with

46 chromosomes each. This kind of cell division occurs throughout
the body, except in the reproductive organs. This is how most of the
cells that make up our body are made and replaced.

Meiosis results in cells with half the number of chromosomes, 23
instead of the normal 46. These are the eggs and sperm.

In both processes, the correct number of chromosomes is supposed to end
up in the resulting cells. However, errors in cell division can result in
cells with too few or too many copies of a chromosome. Errors can also
occur when the chromosomes are being duplicated.

Glossary of Terms

Acrocentric chromosomes - those chromosomes, specifically numbers
13, 14, 15, 21 and 22, that are able to take part in Robertsonian
trandl ocations.

de novo - a chromosome abnormality that occurred in the individual and
was not inherited from the parents.

Mosaicism - abnorma chromosome division resulting in two or more
kinds of cells, each containing different numbers of chromosomes
(chromosome mosaicism).

Reciprocal translocation - when segments from two different
chromosomes have been exchanged.

Ring chromosome - a portion of a chromosome has broken off and
formed a circle or ring. This can happen with or without loss of genetic
material.

Robertsonian translocation - when two chromosomes fuse, usually at
the centromere, creating a translocation. Only certain chromosomes,



called acrocentric chromosomes, are capable of participating in this kind
of translocation.

Examples of Genetic Disorders Resulted From Chromosomal
Abnormalities:

1-Numerical Chromosomal Abnormalities. (Change in the No. of
Chromosomes set not in structure) includes:

A. Autosomal Chromosome abnormalities:
< Patau Syndrome: also called D-Syndrome or trisomy13
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Edwards syndrome, or trisomy18
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S Trisomy 16 isachromosomal abnormality in which there are 3
copies of chromosome 16 rather than two.[1] It is the most
common trisomy leading to miscarriage and the second most
common chromosomal cause of it, closely following X-
chromosome monosomy. Like most chromosomal

abnormalities, trisomy 16 usually causes miscarriage in the first
trimester of pregnancy.
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Down syndrome: or trisomy 21
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B. Sex Chromosome abnormalities.incudes
< Klinefelter’s syndrome: trisomy XXY (supermale)
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ZWK99001 KEY

monosomy absence of Y

j.' l}i 5 3"5 . .

7 i 80 we 3y I 2%
6 7 b 9 1 11 12
id ¥ b %8 4 3
13 14 15 16 17 I8

.= Fe . A oo s

19 20 21 22 X Y

-2

Sructural Chromosomal Abnormalities: (Change in the structure of
Chromosomes not in the No. of Chromosome) includes:

< Cri-du-chat: result from deletion of about half of the short

arm of chromosome 5.
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Karyotyping:

Karyotlype
Analyze "metaphase spread”
5 mbL venous blood T
Digeast with trypsan
Add phytohemagglutinin and stain
and cullure medium with Gemsa
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Culture at 37°C Spread calls onto
for 3 days slide by dropping

Add colchicine and

e . :
hypolonic saline

» Cells fixed -~
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Xenoderma pigmentosum
* skin cells cannot repair UV damage
* Individuals extremely sensitive to sun light
* skin tumors risk 2000-fold elevated
* cultured skin cells are defective in repairing tymidine dimers
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w)@wﬁ@\JjﬁdueajAﬁjhy&gLMéﬂ\gj'\)jl\ dj;ﬂ\m\ujcuﬂ
s3a Ciaady | s (5 jedae Taa Ul dntie ALgedl) BRI 4 gus g0 5 S (pann (dasmall ol
3 5al) s AR 5 Alead) o2 Jeant o) (San Liidall 8 ) dunada o gaa Lol dlaall

. Transfection s b auly (e oS

O~ Frederick Griffith L;'LL:J)JM L sl (JL:; il 21928 ale Llaall 038 Caa5S)
L s Streptococcus pneumoniae 4ol iy Claae e Wl jal Al 4 jlas JDa
:olial JSAIL a ga

rough strain | smooth strain| heat-killed | rough strain &
(nonvirulent) (virulent) smooth strain heat-killed
smooth strain

mouse lives mouse dies  mouse lives  mouse dies



G Adall oda iy (sl Lall 23 slagall g Al 4y 58Sl 48] (G dlanll 028 a3
rehber Joadll dlee @il ghad (adli (Kay 5. competent cell

lea b Flw) Lelihual (& 5 Lepds dge A0 (5585 o) L) bl 4081 Qs -]
(s

S ae 30 IS el g tad) Lall Jsaa o) gl ) sl 1 (5 lall Lall L)) -2
W Bhlid) e Angal) LA mhass o Jiiie 3 9a 5 SR (40 p g 505 81 (g0 A ke
Bayer’s zones of adhesion or - dugall LAl mhay (5 lal) Gall lasie L 5
translocase sl (ses (soball Lall 3] dalesy iy 32 i85 junction
(Dl g b Jasi po yall) (G oy p3ll JIa5 3 gladll 38 el g complex

g adadi pall Sl gyl A e allat ade laca g 4dad) Jada ) Gall Jas 23

Jilaiall Jalis ;Y1 sole ) Adans) gy alionall IR o us 505 S paria (5 jlall Ball jLiail 4

. homologus recombination

I e a6 oSy a5 edae Jaai gl L) 5 Al satial) 4dal) Lo Caelial -5

Al clakaa

‘fDouble-stranded Q_Enz £s 6 Other enzymes A pfotein . &) DNA replaces a
ym yme p
DNA binds to the cut the DNA. | break down binds portion of the
plasma membrane. one DNA strand, ~ | the DNA. bacterium’s DNA.
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Bacterial cell Plasmid

Ampicillin-

2 Place cells and plasmids
Licuter-Sacterial in a medium high in Ca?*

chromosome ions for —12 h to induce
“calcium shock”; the cell
membranes become leaky,
allowing plasmids to enter
the celis
@ o )
Plasmids replicate
autonomously
o O
@ o ©
Transfer cell mixture
Cell duplication to medium containing
ampicillin
@Doo) Q%o ) -
. 1
C QJ &
Bacterial cells that contain Bacterial cells
one or more plasmids grow that do not
contain a plasmid
die
-

Artificial Transformation
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Bacterial transformation

Getting a plasmid into a bacterium  When the bacteria are

Extreme cold causes Small DNA molecules  00ted igain, some of
them end up with our

Here isan & coli
lncterium in pataral

: pores (small holes) Lo like our plasmid can Sy
sht:ct': r(‘l:log:;h:v plt b e Mactartal move through Uyise plasmid inside them!
: mrlmbmnm. holes! These are the
circular?) transformed bacteria,

/ % |
.f‘,-\\§ 0/ /

e —

Unteansfoemed bacteria are killed by the antilisotic
in the medium, (They dont have the plagmid with
the antibietic resstance gene’)

We can filter out the uniransformed
bacterin (the ones that got ro plasmid)
by growing all of the bactena in an
antihiotic-containing medium.

The trunsformed

bacterin grow
though' Now we can
pck them off the
piato and grow more
if we want,

Baogie e education Microhidogy Bactenal ganehes

Transformation with DNA fragment
//’-&\
-

DNA
ragments

KSV/' /

DNA integeation
by nansecipracal
cecambination

Oor liegredation

Ssable transfermmt o Unsoucoesstul trans formation




& sgomd) L1 &9 @J"“
T ol

Alee Caay oyl el iaall ) Ll 0 Jsail) ke and (o) (Saa

:M‘eéb&“d}ﬂ‘

Aal) dlalee A (e a5 Al isall AdaTl 4 gl 58l 5 4 slaasSll Al ddand 53 J sl -]
obial rida go LaS g (pilaiall 350 jall 5335 5l 3 53 53 ,CaC] @ sped Sl 2y ) 1S L

1. Ampictilin sensitive g 2. amp® plasmids
£ coli cellsinlog =4 sre added to
phase of growth are experimenial
transferred to cells only.

cold CaCly

solmion./ w

Storter plate

S5.The cells are
incubated Tor
24 hours,

6. Only colonies of £ co// that have
bean tranaformed by the amp® gene will grow.

5. Cells are heat -
shocked st 42%C.
Some of the
competent cells
take up the &
plasmid¢ and are
trensformed.

4 The trested

cells gre spread
on an agar plate
containing
ampacillin

Ampicillin kills the
cells that lack the
amp® gene.

lDUsing different Salt solution I

Centrifuge Resuspend bacterial
= | peliet in CaCl, solution

&

Log phase
Transformation

sing different Temperature

E. cofl culture Methodology for Heat Shock

N 3
Duration of
incubation

Store at 80 °C

m amp’ plasmid DNA
R .
'
=9




YA (e iy Alsidl) AN (Electroporation)isb el Al daul o0 Jeaill -2
10-20 kV/cm s laie (Sb jeS bty Adal) dlales

Before Pulse During E-field After Pulse

Cell membrane

Introduce Cell "heals" with
genes/drugs gene/drug inside

Electric field induces a
voltage across cell
membrane
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Phage and Transduction (Sl il g Sildilal)

b i) a Ll clnall JlEn) Ul e 2AEN ) )5 pealadd) 23 & (ki
N3 Pahge lilall 48 yre Lile cangy Jaaléil) i = 1 1) U8 (S

ids LAl Ala) e LWl L Sluy pd a1 Bacteriophage syl sl
sy yill 038 Bl Jeuds LS mhs e Sl S5m0 JMA e LD 038 Cipla
oy e dale B seay Clilall o2 S 5E s . Tiechoic acids LPS <bfiuall s3a (e
neck and 4xhu g 4ikaiay g dll 4,6l 30kl e (5 iy jcosahedral bl s

Tail and Spikes ki ™ X155 53 cuid (a¥) s A5 Stalk 3be el collar

DNA

Collar
Sheath —~—————

Tail
fiber _

oo ovoonona Mloocooccoacnon
O SO O HSAHE Sl O BSOS GO S

S D OIS 'C:oooocbobc)

CrC &9 €0 R EICIEI T T G e
Dandes Folay- Chagasiae Ulniduwry ity

Letles 350 e L) (e (e g5 lilia
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) 8 poloead)
J..'u:

e A Ll Sliay 4 lall o) A0 e Lytic or virulent phage -1
fani s aia e g Ll A b Adicaal) Al alaaiy st ) e Al Gilaa)
Gl paand ol Jiasy 8 T4 phage Lale 4y (e saaall el
ol U AL g Adaall L IS & o ga g S (e e a g liad At dlee 304
sl AN L ) Lol (Sas Budag An e aguiges S dalad Jeay sl
Aaaall allay)

dnd Aaleniy) o 45Ukl GWilall ceuds :Lysogenic or temperate phage -2
A o gus g0 9 S aa (Slall 481 ) sll Balall ant s JaiY sanaa 4,08 4l 4L
Homologus recombination Jilaiall Lals y¥) sale) dda gy dduaall 4y 5084l
Glile sS85 Juatidll Al iy Laxie 5 Ayl @l il (An g dze Caelialy
Oz oo (Aladl 406l salall 2l o Jiasy 38 ddpzaal) A0a)l JBadls 3a0a
Gl o3 saaa Alile A48 JUL § dduzaal) Al & g ga g S (e (S gie )
B lede ALY oy Al Ame 8 I Lellh (San diima o gus a5 SH (g0 Aadad
A phage s Corynebacterium diphtheria 3usll b S caay o3 phage

A sl 8 LSy 3 oy (g2

Phage attoches Occaslionally, a prophage
.~ 10 host cell and exits the bactarial
Phage DNA .~ injects DNA. chromosome, initisting &
e | : =
G STy B! Many cell divisions
Y. : o IS 7 produce a colony
Bacterial of bacteria infected
chromosome . with prophage.
= @ « r ! ,'4
, wmeevele, | 2] Lysogemccyoie| (o 2 V)
Cell lyses, DNA Bacterivm reproduces nommally,
relaasing circularizes copying the prophage and
phages, x » transmitting it 10 daughter cells,
: OR| " 4
_ Prophage
TEUEE A . N
ORI D —~_)
New DNA and proleins Phage DNA integrates into
are synthesized and the bacterial chromosome,

COpywot |t 8 Peorson Enx

assembled into phages.

R0y, W, DUORY WY 8 Biryeevn Cuimig

becoming a prophage.

. .
__Joshua L ederberg and Norton (el () Sally goitl) CaLAES) Jazad 3 gay
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e
Salmonellatyphimurium LS e agjlad I e 1952 ole 4 Zinder
1 ) IS A g LS

Pressure/suction
alternately applied

J

Strain LA-2 ! Strain LA-22
(phe' trp' met his ) (phe trp met' his')
I \__(" _ I
Plate on Medium passes back Plate on
miinimal medium and forth across miinimal medium
and incubate filter; cells do not and incubate
- - - -
- o T "
<l el . -
- - -
- -
No growth Growth of prototrophs
(no prototrophs) (phe’ trp’ met’ his')

Copyright & 2000 Paearson FPrentioe Hall, Inc

t b &il) (e cpe g lilia

T4 A\ Lytic phage Sy Al ddas) 50 a5 - Generalized ol -1
Adpaall b S o sus a5 S (e Akl J8 2y B g 43) il Liaia 5 Cua phiage
rolia) zoia s LaS 5 Baaall cililal) DA 5 AV L Sl ) alis
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L Lysogenic phage >k Jlall ddaul 53 2% 5+ Specialized p=all -2

(e Jgaiall Lall sleil oy Cua Gl daia 68 25 WS 9 ), phage s B phage 8

s ) sale) dlee JYA e saaal) ) Abiad) 4y ,S0l LA
.Recombination
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© Restriction Enzymes 42hlil) Ciley 33Y)

A Ll ) cilay 3 a5 (Molecular Scissors) sl paialls Lyl Gy
Recognition sl a8 sar (cann Clagd silS gill (e 23 2l ge & Lall 40 s adad e
Cleave or restriction = ahadll a8 sa o jay g die Jamy o) a8 gall (i die 2ol 8 4 sjte
4323 (oAl adadll & 535 adadll a8 ge g S Sl aliAS g ¢ ) 53l 5-3 aa 55 . site
Salvador Luria 352 1950 p paiell O 8 Clissed (8 ALl Cley 531 02
A phage 1Y & 5 LsSll Glile e agivl 10 JJA (e and Giuseppe Bertani
A S Al Ll pEY) G S OB aa) ey Jladl 1 o) 1shaY Eus
Lasd 5 4 o gall Loy W) Ly iS5 (Al OV Al Ly (el e 4laY) Ao 5
5 Ao AL £ ) L W) ) (e Al Ada¥) 3B o) Ll Ll 138 e any
ey el axe ) Lo (ST g padll A0 551 Balal) pasiy adaly o 685 dadald ilay il

Phage capable of
infecting Strain B cells

Ecoli Strain B cells

o
‘\ 4

Phage reproduction in Strain B cells

Phage from X cells are poorly
reproduced in B cells

¢ Leudi 403 ol g8l Ludyy 53 Ui
Phage capable of
infecting Strain K cells

@.

Phage from Ecoli B cells
are poorly reproduced in
K cells

) —

[@0‘:

After several replication
&, Phage are readily
© reproduced in K cells
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Aasl sa anii Al s ) 3 Y adaldll a3l dsial) G S U o) & ) o
3cld die e Ao sane Adlialy aghy an ¥ (e ke sa g Aadidl L K Ul dlea Gl
Zi sl (3 med 2ic s DNA methyletransferease — a sy 138 a5 oY)
O)s restriction-modification system s saill 5 adasll allaiy _ew (Gulite paa ol
salall (e led aa gy A Ly SO 33056l Bald) laad g allail) 138 (pe i) (a2l
Eubacteria (e JS (4 a5 aUaill 138 o) SAIL joaall e g Ay all 5 Alaall 4350 ) 0
.and Archea

iy A& T X i y.S__ AILT] L &

¥ —CTTAA

J. GB
3 CH3

b , ---GAAT'IC--
B C T T A K6 3 5 ! 3

|
|
.I TeecTTAA G-

ATT C- CH3
3
l ] ] No double-strand break

-
[

-G A
Ghmpm ]

|
T

A A =
Double-strand break

s
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e SN Jadl d glia () ¢S5 A Sl Gllal) (any 43) W) Uil 138 35 (e a2 Bl e
aliiall Aalai) amy o (5 sind clilall oy 430 ) Caml 3 a5 $aalall il 31
Lellia g system restriction-modification A
A sliall e WeiSas Al 5 hydroxymethyltransferases or glucosylases

: Gakaldl) ey 30§53

Hamilton O. Smith, Jd& (e 1970 ale & culS il a3 adald oy 550 Jsl o
LA e die &8 @A Hindll » %) 25 Thomas Kelly and Kent Wilcox

glg sae A Aadalall Sy BY) sl dale oy 9arg  Haemophilus influenzae
s e e YU

subunits s P20 45 Sall 43 gl Glas gl 2ae -1
cofactors sacluall Jal sall -2
m ) Jae 48080 -3

4- Recognition site Jueill &8 se

5- cleavage or restriction site ahdll a8 s
Jiiall dilial pige -6
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Character

Type |

Type ll

Type lll

Natur e of the enzyme

single multifunctional

Endonuclease and

single multifunctional

enzyme methy]ase enzyme
Molecular weight 450kDa 20-30kDa 200kDa
Protein conformation 3 different subunits 2 proteins 2 different subunits
Cofactors Ado-met, ATP, Mg2+ Mg2+ Ado-met, Mg2+, ATP
| . 1000bp from recognition Within recognition 24-26bp to 3' recognition
Cleavage site site site site

Site of methylation

Recognition site

Recognition site

Recognition site

Ado-met = S-Adenosyl methionin e
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Aadalil) cilay S Asand

rm ) oy 33 055

Jilay Sl ol iy (gl Guinll J Y1 apall -1
Olibe Ll Ui sy sall Caoally GLiShs ¢ 5ill ol o381 (g sall -2
Vo I Jpall ey GLEY] Gpane Al (a5 Jiass o) -4

el e Lol

Derivation of the EcoRIl name

Description
Abbreviation M eaning
genus
E Escherichia
. species
co coli
strain
R RY13
order of identification in
| First identified the bacterium

Example: EcoR
Genus: Escherichia
Species: coli
Strain: R
Order discovered:
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cea s 4l 3,3 ) S-Adenosyl methionine o Jis de seas Jiiy ALl dlee o5
Salitadl a3 Ao g9 ddaal) 028 Ty GATC Jadasill (pania 3 sall (il Cpania Al
Alal gy 4d Dem ol Aan g adad)l uidl W Dam cpal) daal s ibdll
d.uaL.nﬂ\ WJPJAM W}LL.A\ L)A.L.ég\.umu‘ u){)&\ EJJL.;\ d.\“\ g\sjm
CCTGG

dam methyiase

GATC » (GUATC

oom methyiase

CCATGG » COATGG

. Recognition site Jxail) 28 ga
s ECORI a3 DNiad HaY a5l (e LDl s lade ) @8 dae 8 el a8 o alias
o) ra ge LS g 2l 8 (Ll o3 a8 g aas Notl Leiw o) 8 a3 Jualiadl)
ol

-

53,

Sl

5 Sphl La s isoschizomers = (oanii s Suaill a8 ga (il Led a3 (e JS) clllia
Bbul
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c 6 v A cVa

5 » 3’
Sphi l
é - 5'
G/ C A T d C
c G T A cvc
5 > 3
Bbul l [ |
3’ 5
G/, C A T G C

a3 Lellia s (a8 50 Jala adga) LAl aa 30Y i alise o (5 sing adsn ey 33l lila
Sau3Al m 1Y adad a8 g0 o 428 g0 & (5 53y A BamHI

v Y
Sau3Al 5'GATC3' BamHI 5'GGATCC 3'
3" CTAG‘S' 3 CCTAG‘G 5*

))& il sy 5 Palindromic sequences «sbie Juslu 53 4ily uaill 28 g0 Caialy
ety S el i ity

6fa a T T C

EcoRa c T T A A/G
G A* A T T C
EcoR1 C T T A A* G

. Cleavage Pattern i) Liail
rsd kil (e Talal 0 el

WS paday 3l SIS 8 a8 gall i die adadll (1 =55 1 Blunt ends sbwadl SUL -1
Smal
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e oy gay (g 3l 4 BY) adaly Ladie &0 1 Sticky ends  4dadU Sl -2
OsS Alllg '3 Gashll e o) §' cahall die ddlea o yund dadad SllNy Lalig 3 ylaliie
e 5 e
s Y Adaay o3 adall) b LS 57 gverhangs
EcoRl
s Y dlaay oA adadl) B LS 3’ overhangs °
Kpnl



Recognttton Geguence

-~

Rastriction > Smalk
»xyTe

R S N b D g

| [ () i in LER) b I Pl

. .i 7\1 7&171& YQI MW jkt 7%[ J\i} ©
Restriotion Digest ‘
T o S b L
+ ], a ML\L*«L h,LAIth:f» :
Cg«mmmmmfg

AR T I “ ot e

 TAAIATATAT AT

Crophilce gt Schirnbd/ 200

Palindromilc Reco grition

Flmstet oo Seguence
anEmyynme = - "

—— » -
EcoRX

% L :I‘q_.c_ }Tu ;w{: :
s AN

i A

e K ettt o B E o IRt DR ) D

Mot

A
Ecorx

Raestricticon Digest -
M G R i ?‘T{" )
"-ucky ana” “&’ ._°5

-+
QPR ey
e ABARATATALAA A -

CarmphilcniDlE Sefvm ictS 200

Y 3
5.6-a-6-6-1-a-c-c-c-1-3 Kpn 1 -G-A-6-G-T-A-C c-c-1-
I I A —_—» 111 1
g-c-r-cic-n-r-s-s-s-n- 5 -C-1-C 3 CR-T-6-6-6-R-
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: Operon (35,5297

Sohanll el il &A% (Qladl) Gl (w de s 4l de o
815l dlay 8 dadd i 5 W) aa 55 Regulatory and control elementsaaiill 5
=Sl Gl Regulatory  Aaedasill jaliall (e 8) il ddida g Alay A Cpall () oS4
.Structural gene

:L;.J.LA L_;Q ~’.. ~.I. .ax‘ ‘)mud‘ S “ B
=Sl gl (e Upstream sl ) 28) Promoter sl

: &
=Sl gl (e Upstream sl ) 28) Operator Jadall

: &
(=S A sl e Downstream <lall A a8 Terminator ¢Y)

: &
O5Sh G 315l s 8 3 ga ge Las oSall o (6 81l Al (B S ) cpal) Wl
Y Intron dswl paleaY 335 :Exons Introns e @ sisaY s Exons (e i
3 sl palial a5 Jy Al (alaaY

S Upstream = Fluiial e dikiall (e ale¥) ) a5 ) Bhbiall i cbalodll ass
o Bladadl) Ll (1201 D) allad) 3 5LE) g o8 5 Led a0 Wils 5! flanking region
flanking 5| Downstream = assi elg¥) hlia (e alall ) as ) Gl

(+51 Mia) e sall 3 LE1 e a8 1 Led e Lailas 3" region

Oe ST ik o (S 5 4g Aala 3l g s yealic Glllia gua JS1 30 ) At
Single regulatory Machine for single 3 kil 5 alatill palic (pdiy pa
Structural gene

Gy G e ST S O (Sea ka5 apdait pealie dlllia cpa JSE8) il Al
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Single regulatory Machine for .Operon (& WS 3 huull g aalaiill  jalic
OUs9¥) more than one
Structural gene

red s LS (850 g sall gy W) (e (e 5 Y (3 ki 3 jualaall 28
Glin ali g Fleiiny Hae 5 Jeny) lac Operon iSO egind g4l o

Positive control mechanism Jia AL 5(y 52 5Y) 128

Gl 5ubld 5 Flaiin hadeS ol g Al Jary) trp Operon s Al abal (5 gl @
Negative control mechanism Jia Sl s (05 05Y) 138

:lac Operon J§iS3) EMgiad &5 9)

D AS )i Gl G e gl 1 oS

5SS L SO Ly e an 6Y) 138 Jlay Gus B-galactosidase a3y il lacZ
BT Y

dals (N ool sl e W Jsa Jes @A) Permease a3 iady lacY
Al sl

lactose- S Glglias cenile A )] Ao Jany 3 Acetylase m3Y & : JacA
.B-galactosidase ¥ Ja& JaBY Al 5 like compounds

repressor hsially awle clllia (5 38 5 A48 G 3ga g aac) Ll Alall b
Silencer J 4dhis & | Sjlencer or Repressor gene = (ol Ji (0 iy
dshice ae Latiy o)sn Y repressor il (s pl idis Upstream k¥
g a3 ) KAl ddll Cliad) Fluiinl Alae aiad (UL operator  Jxdall

(55834



Lac operon

Iy gonad) sl Blyg9 ) ) e i dnal5d) 8ol
\

y

_mRNA

‘ —~—J'_ lactose

O(

S-galactosidase O
galactose glucose
Leile Ladiall (i g5l ae Jadin Cumn Giaal Sl 138 jeny 568N Ga 35 2 0ag Alls
OSI A MU ey 5300 i) Flaiinl) dglee Joust Ml 5 Jrdial) dilaie pa 4daly )|
99 55U 252 5 3 )3 lac Operon ) sl el o5 Ja J) e Ay

<us cCAMP 525 activator bdsell ) el g Flasial) dalee U5 Jy S Gl 5ol
saalall 3 FLadial) eauns Promoterd) ae o JUlly 5SS Gl o 38 5 ala
e ddb s repressor hdall le g 55O dladaxe o Jiy a5 5SKI L)
Fluiin) dlee ey bpiiii e Activator badiall Jeay o Ul 5 SO asa g

35S gl 5 ESE) il

5SS 3 a5 43Y) SO g gy L5 cAMP S 5 Jiy SIS 3 s sy L)
t ALy (Aalad) s eSS (e AnaS Bl & ad)  Aay

Inducer _iay 55S3UI
Suppressor iz S sISlIp

Activator L= cAMP
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€M) Jae Jan &y glasS Baka 23 55 b
(IPTG) 33k o 5 2a 53 anif

o 13l sl b ol A ) a3 sS5iS s SESYS I S dyad ¢ fom
¢ lac Operon 4 J«= iadlag 292 5 Jiud as Adlall s

B- m) Jady ldlan die salall o3 ) us X-gal sale oladiu) A e Saf
) LSl ol il e85 axisl oalay 35S IS 4 ja Jaad o sw galactosidase
. X-gal Jisala Je gﬁ;\;ﬁ\ bl Je L'é)j‘}[\ oAb J=dll Jae Operon A Jaas

Ji3ad 1o AL AL LB g AT nes S0lad iy 0 cuiiia Y lacZ cns odsb e/
el Axigl odlay JSolS Ay Y X-gal Bala

diany (pall alad dic 5 q +B sl Gaadl Ll Jac Z e OY Adladl) b8 28 [
B s s n Bas g el i g interruption - (el

Lac operon

€ ‘ > O O s
.U-galactos_indase (% tﬁe N glucose
IPTG= isopropylthiogalactoside
X-gal= 5-bromo-4-chloro-3-indolyl-B-D- galactoside
Pribnow box (<« promoter S RNA polymerase bl )l ddlaic

Shine-Dalgarno i mRNA JL a s sl )l Jalis ) dalaia
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Jac operon
M SO

—_— —

o A TII Al ez [ ey [ (iA FOAY

OPERON
A

f
Regulatory promoter Operator

gene Lactose-utilization genes

DNA

mRNA

Protein repressor

Operon turned off (lactose absent)

Copprgrt €008 Swwrvs Sacwoe e
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(1) Low Lactose Level Glucose A
High Glucose Level
(B} ~=——>—[ CRP
No activator
formed
, i P © Z Y A
go eraioe 1*1 I — e
A No transcription
{ Binding to operator
Repressor @2
protein
(2) High Lactose Level
Low Glucose Level
Glucoseo +
cAMP ’
Bindin (1]~ f/ R
oing_— > 0 cxe
5 : 2 Z Y A
......... L1 il | R
3 ' -
mRNA Transcription
&
Laéc%se"\
1 No binding
Lactose-repressor

complex
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Together, the lac repressor and the activator called CAP provide a very sensitive
response 1o the cell's need for and akility 1o use lactose-metabolizing enz ymes.
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WHAT HOLDS DNA STRANDS TOGETHER?

: DNA strands are held together by hydrogen bonds between bases on adjacent :
e Strands, Adenine (A} always pairs with thymine (T), whilst guanine (G) always pairs e
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) sl agala 3l ) a2y 5 il gl (e dald o) 5) Cag i) ol Al Q5 -
(13Lal) 4alic V) SLaudul)

Adall s e s gl @l A s 3o chelating agent 4wlis sale EDTA ) edle of -
aadani Al g s 43R4 Cunas Laa

lisi g pll Fewal a2 detergent 4ilaic sdle SDS ) sale -

(13 ) 8 4wrdinsall Jallaall i g ynel) ¥ G5 OV oy -
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5 : (Loading buffer )dsaill ¢s )l -

Jsid ga g Arna 4l Gdual g pladall sl (e Ja 10 (A oSl 8l (e a2 4 INL e
Jlexinl) gal a 43 ) a da 3 Lais 5 (Bromophenol blue )G oY)

: TBE )2 -6

e e 002.05 <l sdl mala (e U3« 089.0 5 Tris-base 83k (1« Jse 089.0 4dh jas
sie g 5l 1 ) aaall JaST 23 8 ) (i suel) w8 Jae s shiall clall (e 4S8 & EDTA
Jlexia¥) aad o 4 As Hay Jadarey Lad g B2ua sally

DNA 3 s il axiis J il 5 5 52¥) -7
DNA JI Jual axdien J 56N -8

Phenol-Chioroform and Ethano

Method
>
Proteima=e Digostion \
(3 hours) -

|

-
Ethanot Precipit ation \
(10 minutesissue)

DNA Heohydratwon .
(48~ 72 hours)

fotal Time: >3 days .

Salting-out methods > /A gelaill 48, jh

A s sV Gl 5 o sl sl sl Jle S8 adlle dpale Jillae 43y )kl oda (8 aadiny
il Y g uL;:SeSLﬁ)SJAJ)L )b Z3Y) Y d‘-)"?j‘ g gyl @mJQM\ﬁM
= Lae deadinall Jillaall (e dale il ) el Cann 4568 e 4dy )l 238 DNA

4dla (33 sl i 1) cansl )l 038 (e paldill (5 AN 485 3k aladil
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Promega DNA extraction kit <l 48,k

AR T 5 AL A0S ) W) adle (aliinal (55 sl Giaelall o i () LS gyl 4 SLall 038 () o3
- g2 ol Al

addll jlaal aahadll Jadll Cell lysis solution & Nuclei lysissolution -1 J sl
<l 5 ull w4l Protein precipitation solution - 2
3 DNA I 403 axdiny alaie Jas DNA rehydration solution -
(4813 43 ) omy DNA I Jads (g0 m 2l o)
DNA 3 s il axsis J sl s o5 1Y) -4
DNA I Juid axiy J 5lY) -5

Jard) 48y yha

Nuclei lysis Jslae e 600 by LIAN e 5l il )l e J panll oy o) 22y -]
ool 4apd (A 2y o G185 sael 80T 4a iV fpiast &l ) Ly ¢ solution
4d 2l

sl Ll 8 Jadny o3 laa Laliy s Protein precipitation solution Jstss (200 <slay -2
i O saal 4881l 5 5316000-13000 4c i 53S0 2 pk aslae (5 ya0 ladwy (38 ued

a3 DNA ) i s Joils s WI600U (Ao 4asls oyl 4l ) =800 Jayy -3
3l g (363 30 a2ad 43831 o 5 5316000-13000 46 st 5 38 o 3 ka 4ulec

S e 2k adlee (5 a0 o8 (1AL ¢ sage STl Jaliy sl I AV J58Y) 0600 —ilay -4
- 5osa320skall el iy ml il Jagy () i o2al 48l 5 5 5316000-13000 4o s
Olasal pidall b 4s gide Gaw yiadl DNAJ e agsladl Cagpanl il & 535y J 5l Jag
J Y Ly juldas

alll 43 2l o)) ) 4a 0 & 55 DNA rehydration solution Jsise (e 100p  <ibay - 6

AdlS o) guay (lasalls (55 53l) Gaaladl iy jad lad) (i jal alals



LN Shos Lypma bl Bl Lj rolsl

W

Gram «
Pellet cells.

l

Gram — Suspend in EDTA.
Pellet cells. Add lytic enzymes.

Add Nuciai Lysis
Solution. Incubate at
B80°C for S minutes.
thoan add RNasoe
solution and ncubato.

Add Protain
Frecipitanon
Solution.

Contnfugo.

Transtfer supernatant o
Naw tudbe containmg

iIsopropanol.
Contrifuge.

Diiscard supoaornatant.
Add ethhanol.

Centnfuge.

Aspirate ethhanol.

Ajr-dry paliot.
Rehydrate DNAC
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Silica Membrane M ethod WSalsd) cilad ya 48y oy (aMALLY)
Cua 358 5 L duard ) L oS0 Lo g o 5815 Wlla deadtusal) (5 0all Juadl (e 4y jlall o34 ax3
2y Ll Agy Hhall sda Jae (bl hadd saal g 4ol JOA s S0 g A& Uy e Jganl) (Say
Rl s o 1L LS Ly Ul Ja y LAY Jlas sy Ul Lgtaiay &8} i KAl 7 )l
SO Jadl) 3 gae Janss 3 3 sm sl (Rl Clls Lally 1L ;00 Henl i) o3y iy Ml
Sas AV Ay glall el sSall 5 i gl Wiy (pe Galaill o jSiall Lall Jug < ghad 5 &3 (ga g
. TE buffer Jslas aladinly Jals ;) 13a <l 23 elld oy IGLal) eLasy Jadi jo A& Us o Jeans o

NSNS
NN
NN

Pure and concentrated nuclexc aod recovery gé

bl 48 Hhall 28 ol ghad e Al (S
Special Protocol: (For Bacteria) Step

1-Sample Preparation

-1Transfer the appropriate number of bacterial cell (up to 1 x ) to a 1.5ml
microcentrifuge tube (not provided) and centrifuge at full speed (14,000 rpm or
10,000 x g) for 1 minute. Then discard the supernatant.

-2Add 200 ul of FATG Buffer and resuspend the pellet by vortex or pipetting.

Incubate for 5 minutes at room temperature.

Step 2-Céll Lysis
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-3Add 200 ul of FABG Buffer to the sample and vortex for 5 seconds.

-4Incubate for 10 minutes at 70°C or until the sample lysate is clear. During
incubation, invert the tube every 3 minutes.

-5Preheat required Elution Buffer (for Step 5 DNA Elution) in a 70°C water bath.

-6(Optiona Step): If RNA-free genomic DNA is required, add 5ul of 10 mg/ml
RNase A to the sample and mix by vortex. Then incubate for 5 minutes at room
temperature.

Step 3 - Binding

-7 Add 200ul ethanol (96~100%) to the sample and vortex for 10 seconds.

(Pipetting if there is any precipitate.)

-8Place a FABG Column to a 2ml collection tube. Transfer the sample mixture
(including any precipitate) carefully to FABG Column. Centrifuge for 5 minute at
full speed (14,000 rpm or 10,000 x g) and discard the 2ml collection tube. Place
the FABG Column in anew 2ml Collection tube.

Step 4 — Washing

-O9Wash FABG Column with 400ul W1 Buffer. Centrifuge for 30 seconds at full
speed (14,000 rpm or 10,000 x g) and discard the flow-through.

-01 Place the FABG Column back in the 2ml Collection tube. Wash FABG Column

with 600ul Wash Buffer (ethanol added). Centrifuge for 30 seconds at full speed

(14,000 rpm or 10,000 x g) and discard the flow-through.

-11 Place the FABG Column back in the 2ml Collection tube. Centrifuge for an

additional 3 min at full speed (14,000 rpm or 10,000 x g) to dry the column.

Step 5- Elution

-21 Place the dry FABG Column to anew 1.5ml microcentrifuge tube,

-31 Add 100ul of Preheated Elution Buffer or TE to the membrane center of FABG

Column. Stand FAGB Column for 3~5 min or until the buffer is absorbed by the

membrane.
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-41 Centrifuge for 30 seconds at full speed (14,000 rpm or 10,000 x g) to elute the
DNA .

Step Final - Pure DNA
-51 Store the DNA fragment at 4°C or -20°C.
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Lo iy 23yl odn Jee elad | LMl A e Ulel SS) A Lgd Sy A6y plall o34 jliad
LY e cansall a g sall g gl dary G (pssall 2 5IS) #3aY) Al g Lall s
J st e\.:il.ul__a Az Lad CNA‘}“ e oalidl) o Bl sy Linss Adlial) Cilds g8l de ganan
c4ele 48 N deay Jisha iy ) zliad Ll 48 Hhall 038 (5 slss 00 %70

Solubility

@ ®
(@)
|- e
|
Hydrate
shell Salting in

Salting out

Salt concentration ——»

s ober K Lall 34 gt ik (e

Equipment and Materials

Polypropylene tubes 15ml

Lysis buffer (L0mM Tris-HCL,400mM NaCl, 2mM Na&EDTA, pH 8.2)
SDS 10%

Proteinase K solution (1 mg proteinase K in 1% SDS and 2 mM Na,
EDTA).

Centrifuge

Absolute ethanol

TE buffer (10mM Tris-HCL, 0.2mM Na EDTA, pH 7.5)

Disposable gloves
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- Gilson pipette

Procedure

.1 Resuspend the buffy coats of nucleated cells obtained from blood with
anticoagulents (ACD or EDTA) with 3ml of nuclear lysis buffer.

.2 Digest the cell lysates, with 0.2 ml of 10% SDS and 0.5 ml of proteinase
K solution, overnight at 37 °C.

.3 Add 1ml of saturated NaCl (6M) to each tube and shake vigorously for
15 seconds.

4 Centrifuge for 15 minutes at 2500 rpm.

.5 Transfer the supernatant containing the DNA to another 15ml
polypropylene tube, the precipitated protein pellet isleft behind at the
bottom of the tube.

.6 Add 2 volumes of absolute ethanol and invert the tubes several times
until the DNA precipitates.

.7 Remove the precipitated DNA with a plastic spatula or pipette and
transfer to a 1.5ml microcentrifuge tube containing 100-200 microliter
TE buffer

.8 Dissolve the DNA for 2 hours at 37°C

.9 Store thetube at +4 or —20°C.

.01 Check quantity/quality of DNA (see QUALITY CONTROL OF DNA
protocol)

Reference

Miller S.A, Dykes D.D, Polesky H.F : A simple salting out procedure
for extracting DNA from human nucleated cells. Nucleic Acids Research
1988;

V16 Number 3 : 1215
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DNA Concentration and Purity Uall 5 gliig juS 5 485

_):‘..353 99 u.ay\a:\uy‘ “\:\SAQ 3elaS e:\:\sﬂ \A;\JA\ &_\;\)S\ Q\:\Luj\ a&h\ (e Lall u.ay\a:\.u\ :\:ﬂ.u: Az

EJ\.&:\eﬁgJ\ Lall alii) LGJA\LJA‘;\M A Allaall et Lol e ‘;ﬂ\jﬁj&j}\_ﬁi\ S 4

= (A260) 260 NM > 5« b e dnall dpabiaiel) Juaud IR (e Ball S 3 50085 o
50pg/ml pure dsDNA s Lall 38 55 o (A 528 O.D.p2e0=1 O (o2 406 4 slza JoUa
A Al DA (e Ball 3858 )i (S AL

DNA Concentration (ug/ml) = A260 reading x 50ug/ml
ALl Aalaall (e adbs (S DNA yield de JSI G Juals W

DNA vyield (ug) = DNA concentration(pg/ml) x total sample volume (ml)

Juad) dila 9 )Y) LS pall g ilisi g pll ol (a8 dpabiatial Judl Gall axy A260 NM 2ic *
A230 NM 2ie dpaliaicl Juadl @Y il g #3Y) aad s 3 A280 NM 2ie dpaliaial
bl 2 e Wiy UL e sleall o3 JDA (s

81 wm o) eS) Al sda il LS A260/A280 : UL e Al glall 4S5 Lial) 3 glas e
S 5 AT Ll 5 (55l S5 N Al Bl 58 5 0 i 5 bl (IS LS

5.1 sk 5l S dpuill o2a CilS LS A260/A230 ;0 IS (e 3LV daS 5 Liall 35180 e
AL Lall e 8 Sl 4paS ol (a5 Juall IS LS

e s L it aadiuaal Sleal) o g sl Slea ddand s il o3 ) jal (S
o) Apallal) FBI Jls ol alall S e 8555 adiivn (5315 aiall dilal) 3 jga¥) Caal
oteall Al dgal 1)
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7" Color Touch Screen Hiuminated Sample Window

Temperature Controllad
Cuvette Holder

Powar Indicator

Low Vibration Yortexer Fromt USE Port

- X [Caley) » O REAST &2
MEASUREMENT PROTOCOL

1 Sedect the Nockeic Accis icon on the hame screen
To change between NanoYolume and cuvette appication (NS30/C20 only)
uza e Change 10 CuvettaMancVolume tutton below the pirameler anea.

Sodoct the nucieic acd fypo n the drop-cdown of tha parameior area

Optons are: dsDNA. <sDNA, ENA MRNA MERNA Saquence. Cligo. Olgo

Saquenca and Cusiom (see Tabie 1)

+ The miRNA seguance and Clige segquance opdons alow Raving the
seguence entered and e extincion cosflicdent wil be automatically
calculsted

+ Custom e seot 10 40 as 3 dedaull and atows the extincion coefficikent to be
manually enfzrad from the range of 15 - 180
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3. For NanoVolume application:
Select the volume of sample o be appled.
Note: 1- 2 pi (defaul) sutomatic path langth change; 0.3 | maasures only
the 0.07 mm path length (Tor samples with concentrations > 420 ngiul
GsDNA)
For cuvette application
Select the path length depending on the used cuvetle
Ogtions are: 1 mm, 2 mm, 5 mm and 10 mm
For NanoVolume application with submicroliter cell (C40 only):

4 Salact Lid depanding on your sample cancantration for concentration ranges y
of deferent kds (3e2 also page 37 Submicroiter Cell Measurements Basics)
Requrred sample volume for each lid is shown below the id selection
gropdown
Note: A new Blank is recommended when changing the dilution kd,

®

- 4. If itis desred to heat the sample % 37°C use the toggle switch to turn on
cel hoider heater. When the cuvette holder has 37°C the color changss to

green.

Note: Only avaiable for cuvette appbcations (NP0 and C40).

€, < W

w B 8 ) 9 8

e A3 e Ve ey

tame  Took L Marwa 212, » D skaw

2PV BEQ 2 SRR B & O R O) BB YT o

- 8. The background comection 5 enabled a5 the defaull. It i5 possible to disable
the background camection with the toggle swiich

€ | a dye labeled sample 15 used please add a dye by tapping on the Add Dye
Label oplion and select a dye from the drop-down kst. There is also an
option for dye correction which can be en-Misabled with a toggle switch
Added Dyes can b dejsted by lapping on the delets jcon ().
Note: if the usad dye Is not avallabie in the drop-cown Nist, plesse go to
’ preferences and add a custom dye to the dye list J

. Opton 1o set/calcuiate a diuticn factor for manual diluted samples,

. Apply the blank ddH,J or butfer 1o the Ilumnated sampis wandaw for the
reference measurement and select blank to inltiate the reading
Note: The flurmnination of the sample window can be swilched off in tha
preferences

9. Usa a lint-fres |sboratory wipe to clean both te sample window and miror
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CALCULATIONS

* Nucleic Acid Concentration

To determing the concentration of ruclelc acikds In saltion, 1he absarbance as maasured at the
saveiength of 260 nm is usad. The Aunction descnbing the relationship betwesn concentation
and absorbance & a modification of the EserLambent v eguation. The concertration of the
nucieic 8cd samples can be calculaed with o withou! background canecton dependng on en-
Idisabled background cormection option.

Without backgroursd correction:
cC= Am s S 1)
With background correcbon:

C:(A”,-A"UJ'L..'B

c Concertrason nngid
Mg Azsarbance a& 280 nm (10 mm path}
A Absorbance 2t 320 nm (10 mm path}
Marvand diution facior
| - Extinction coeticientrucies atid factor n ng"omyl

Table 1. Nucleic acids extinction coefficients (€,,.)

Type Euc

dsDNA 50 ng*em/l

ssDNA 37 ng*cmipl

RNA 40 ng'cm/pl

miRNA 33ng'emipl

Oligo 33 ng*cmipl

miRNA Seq. | calculated via extinction coefficient of constituent nucleotides entered
Oligo Seq. | calculated via extinction coefficient of constituent nucleotides entered
Custom Option to enter any factor between 15 and 150 ng*emiul
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Gel Eletrophoresis (ks Jaa Al

charged 4ismiall 48leadl Glyially clis¥) 4, aly byl ds il Gy
agarose or o hwy JB& RNA Jiy DNA iy <yl Ji macromolecules
(eS Jls lalis e (polyacrylamide

Cilalading g dald cliia) ga oala JSI Al S Jaa 3l 8 dasiicial) 3 gal) G Gle g 32 g
Agarose joss¥) ada - 1 s AV saladl (e W jual duald

LASF\L@AJ\JA\DNAJ\CLBR;;QISLASAZ-5.O%Qajgs\ﬂeasluﬁc\_usuoqu
oyt Al geu g A ad ) i Waladial JISI 5 Y1 piiage(l3lad ) 551 58 5 ala )
tyl\wb)mjdg\ u}ﬁm‘yd}mﬂ\w\ C}MJMU\LASMLAJ:\QDJLAJAJ
50000pb 11200pb o sl Wi )s z sl DNA Gl s deadl o3l 138 aadiun 5 AV

Polyacrylamide stal S¥) aaaia - 2

Ale s (558 Hliey bisacrylamide dls b3l SY) e lla padsn e o e 5
500ph (« ¥l DNAA @l s Jiad 8 a0diy 568 1A 55 )Y @68 (e ral
O YV Gl 33V 5 il g pall Juad & Liay) aadiny g 55 SV (e s sa g SSI () 5S5 4l

Clac U dabis sale 2Dl SY) sl jiint g ) g Y (e et SiS) o juaniagy Hha

J35SY) & DNA 21 iy Ja 48 jag aSai ) Jal gadl

(FLSa olail Loy DNAJ 4iad ale) charge 4l -1

(S5 ol Gpats Al jall (o) ) Gl jall sl o)l s aaall -2

Gl jall daadl Laidle @lly G LS 5 jia il aaa QIS LS) 23l i aaa -3
(o il

JS o paall Ay jall a pdl Jaadll el L HeSI il andin ) (AL jeSI il o 8 -4
568 ) ol LAl Lele iy jall alaas W g2 138 Y s e Y o) e (S5 6l
(oomSh Al jal) Jeadl aadiy

covalently closed <l 4llall by jalld LS a de o 8 4maal DNA 4y 3o JS3 o)
g il Ga g w0585 Sl s linear (L) 4xball iy sl e g sul 0555 sUpercoiled (CCC)
Opened circle (OC) ¢ siall lall

S Jaa Al 8 dasdiicial) 5 3gaY) g 3 gall
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Al eae -1 e calpall (S0 eSH din il Sles - 1
oS das il eass - power supply
el ectrophoresis chamber
B8]l andY) iy s Calad Siudh (e ¢ sias gel casting tray o) ea sle s -
-4 () ) i J8 aaldl) aghallaadl Glaladdly cle dl 8 pa Gle gy cdanidly
UV- -z 2d & DNA J 4ie pagl jia Jeal aadiud ola) sacomb el
il (358 428Y) Slea transluminator
daddiall A gall - 2
TBE buffer .A
(pa3iey 13l 5 436 K4 4l ) Loading buffer .B
o) g8l g3 e JANT 5 ) gliie Arua e o ke & ethidium bromide J) 4aa .C
(b Leld dpandill (358 4n 30 ansiall 038 (i i ie g DNA I (o il 4gias 5 il
s el Gl Cilasind 5 A e dkaeall 038 | o slll o) jan o) 4LlLE ) e 4dkaie
.Simplsafe Jis &l pus
BEBISIFVESND
LaDNA 4w E

Jaal) 43y )k

a5 (5X.0 )5S TBE 5 0o Jible 100 8 55SY) G ae 1 40 a3 -1
ey i o 50 N 43,1 s deail 3 23 &y baany 5 Sl aleall (88 (an 5 am
S 7 s sille/arle 2 58 S a a1 e g 0 Jslae (e il S0 2

s 4ealal) apbladl il ) (e Alaly U35 (Tray )odled) e 8 iany -2
el a5 Al s saal e yialie aals 2 e (Comb )l (S5 Jadia
Lsall @by das Lad 5 4380 30 saal abeaid i Lol (38 auia (A g gom gal) QAN Jala
ol Gle Gsinall LSl da il Qs Jals QAN aia gy (3850 apkallaall adadll
DoY) 23 sy Cusy TBE

e Bl Jslan e il 5 5Sle 10 e 2 o) i 8 Ll e Jpaai dplee (5525 -3

. (Loading buffer)dwesill ts 51y (e il g Sila 3

e 20 DLl )5 pe Jamars an/ il 68 3-4 0 )28 g (38 i Ll oS Cliall ds 3 oy 4
Aol s Aol 5.1-3 524l 5yl

256 ol ase dsh UV- Trangilluminator e ddaul s oMl asd &5 25
. (Canon)! Sl ddalis 51 ) sacy 5 ¢ jiza 30
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DNA Phsmid Phlsmid
Markers (uncut) (linearized)

- O igin

(weell=x)
23 kb
2.4kb
&6kb
45k
23 k
FALY
ass
[Figure 1]
Kbp Lane 1 : 1kb DNA ladder
2 : pSB3C5
e 3 : pSBATS
) 4 : pSB1A3—GFP
2 5 : pSB2K3—RFP
3

-0.5
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UV-transparent

Movable wall with cam
lever accommodates
several gel sizes

Agarose gel electrophoresis of DNA

Siots for Bands {visible after
samples sutable treatment|
)

Electrade

Buffer —__

solution ~ [ l{ : —
/ J Dirsction of 5 -,[

)
. movement
(-7 —
@ 4
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Sizing
standard 1 2

Increasing size
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Bacterial conjugation 5S¢ Y
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Integrated |

F m intogratod into the host chromosorme

(@)

A snghe strand of F s transforted, along with & copy of part of
the host chromosomes, 10 8 recipessn! cell, wheere 8 second strand s

sy nitwenizsed

A IS I IS S TSI RSP S ST Y
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1. Conventiona PCR

2. Red TimePCR

3. Quantitative PCR (gPCR)

4. Reversetranscription PCR (RT-PCR)
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