JBI[()CH}EMI[STRY N()TES Telomerase & DNA repair

o D Mt
5u\mb.,_>\)néjm_ng\m
e Je U 16 300

SP=NNPEL
(A=), polsblpatalelss -
LG e e= -

- Ladlias Jeud Joloo —
Caalsall

JasS ged) i g Ugea : Ujlad

Telomerase & DNA repair

Done by :

st 930 & J9ga

aliled (pa U guudi ¥



B]@CHEMISTRY N©TES Telomerase & DNA repair

C. Telomerase :

* In eukaryotic cells , after removal of the RNA primer from the
extreme of the ( NOT leading MCQ ), there is no
way to fill the remaining gap with DNA.

v To solve this problem & to protect the ends of the
chromosomes from attack by nucleases noncoding sequences
of DNA complexed with_proteins are found at these ends,
called telomeres.

| @ Note |
! - telomeres = sequences of DNA + proteins (MCQ ) :
E - Are found at the of the .(MCQ) :
N 2
& T elomeres

* DNA of telomeres consists of repetitive sequence of T's & G’s,
base paired to a complementary chain of A’s and C's

K

7 .
;@ The TG strand : N

@ is than its complement leaving a region DNA at
the 3"-end (MCQ) of the double helix (few hundred nucleotides long).

v This single stranded region folds back on itself, forming a structure that is
stabilized by protein to protect the ends of the chromosomes

|
|
|
|
|
|
» In aging cells the ends of their chromosomes get !
slightly with each cell division until the telomeres are gone and !
DNA essential for cell function is degraded. '
|

|

|

|

|

|

[

v" This phenomenon is related to cellular aging & death.

» Cells that do not age (as germ-line cells and cancer cells) contain an enzyme
called telomerase .

v telomerase is responsible for replacing these lost ends of telomeres.

\ (VERY imp MCQ) /
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@ Note :
< Tclomcrase : (IT EXTEND THE 3-END OF THE DNA )

Telomars repaats

e is a special kind of (MCQ) that ki
carries its own RN A molecule of about 150 nucleotides ' tm:ﬂdﬂ:
e synthesized strand with

v RNA contains copies of A/C sequence that is
complementary to T/G repeat sequence , (MCQ)

v" the RNA base pairs with the terminal nucleotides at
the single stranded 3-end of DNA

\
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Elynmp::i:ndl m“
by primase, enryme
& Steps of telomere elongation Y

1. The telomerase RNA serves as template for

extending T/G DNA strand (longer strand) :

of the RNA 1

primer for || Primase
DA

polymerase.,

2. The 3’-end of the RNA serves as a primer for DNA
polymerase to extend the A/C DNA strand (shorter
strand)

3. Once the next repeat sequence is complete, ‘]-m:u - &.I“ s
telomerase RNA is translocated to the newly
synthesized end of the DNA and the process is

repeated. | E’:"'ﬂmﬁ

’ @ Note : ( From figure ) ( Very important )

! - TELOMERASE extend the 3-end of the DNA .

| . RNA template that are part of telomerase enzyme from 5to 3.
|

‘]'mcm TOOERA m:;ﬁs

I DNA polymerase work from 3to 5. :
. poly , Figure 29.23

Mechanism of action of {elomerase.
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DNA Repair
* DNA repair is required in the following cases:

1- Mismatches: which occur after DNA replication including proofreading :

v’ incorrect base-pairing
v’ insertion of one to few extra nucleotides

2- DNA damage :

v" due to environmental insults: & leads to alteration or removal of
nucleotide bases

a) nitrous oxide

I. UV light :(can fuse 2 pyrimidines adjacent to each other in DNA)
II. High-energy radiation: (can cause double-stranded breaks)

3- Spontaneous alteration or loss of bases from mammalian DNA:
v’ at a rate of thousands per cell per day

** Effect of unrepaired mismatch and DNA damage:

B A permanent mutation
B Joss of control over the proliferation of the mutated cells =» CANCER
General Steps of Repair:
1. Recognizing the lesion
2. Excision of the damaged section of the DNA strand

3. Fill the gap using the sister strand as a template

Biochemistry
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A. Strand-directed mismatch repair system:

v Occur in cases of replication errors escaping the
(MCQ) during DNA synthesis

1.

| @ Note : (I see it in all exams ) (MCQ) o
| - endonuclease cut in the unmethylation GATC .( 5 J) 4¢> Wadl) jluy o) !

2.

Recognizing the lesion

endonuclease must be able to discriminate between the template
strand and the newly synthesized strand containing the mistake.

GATC sequences occurring every 1000 nucleotides are

---- 50, the
newly synthesized DNA is temporarily hemimethylated (i.e. the
parental strand is methylated but, the newly synthesized strand is
not)

Excision of the damaged section of the DNA strand

endonuclease cuts (nicks ) the mismatched strand = the
mismatched base(S) are removed.

Fill the gap

the gap left by removal of the bases is filled using the sister strand as
a template by a 5°- 3° DNA polymerase
(MCQ)

The cut ends of the DNA are ligated (spliced) by DNA ligase

( this are the function of DNA ligase I see
This question in one of the exam )

Biochemistry
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B. Repair of damage caused by ultraviolet light®:

*h%

Telomerase & DNA repair

Exposure of a cell to ultraviolet light can result in the covalent joining
of two adjacent pyrimidines (usually thymines), producing a dimer

prevents DNA polymerase from replicating the DNA

strand beyond the dimer formation. (MCQ)

. Recognizing the lesion :

UV-specific endonuclease (called:
YMCQ) (NOT exonuclease or
endonuclease be careful © ) recognize

. Excision of the damaged section of the DNA

strand :

of
the dimmer making a gap by releasing the damaged
oligonucleotides .

. Fill the gap using the sister strand as a template

the gap left by removal of the bases is filled using the

sister strand as a template by a 5°-3° DNA polymerase.

(DNA polymerase I in E.coli . pols and pole in eukaryotes).

The cut ends of the DNA are ligated (spliced) by DNA
ligase (3’-hydroxyl of new DNA spliced to 5°-P of
remaining stretch of original DNA strand)

3 5
5 — 3
/ UV-specific
Pyrimidi endonuclease
dimer (excinuclease)

3 5
Illllll.“llll
oyl el L =1 !

Nick/" K- Nick

Removal of
Bul damaged
bty oligonucleotide

3 5
il eEE
3 I | I
DNA polymerase |
3.
FERREFRRERERFRR
Al byl L1 1 8
\Nlck
LDNAIigase
SErCEETTTTITT T
sl‘_‘_]_ | _H_____:___i___ __.30
Figure 29.27

Excision repair of pyrimidine dimers in E. coli DNA.

= The most common form of this disease is caused by the absence of

UV-specific excinucleases.
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C. Correction of base alterations & losing (base excision
repair):

1- spontaneously
v’ (as the case of cytosine which is spontaneously deaminated slowly
to uracil)
2- by the action of deaminating or alkylating compounds as nitrous oxide

v’ nitrous oxide is formed by the cell from precursor as
nitrosamines, nitrites & nitrates.

v’ nitrous oxide deaminates cytosine, adenine & quanine (NOT
thymine - NOT uracil be careful )

*** cytosine is in both 1 & 2 ( always come MCQ )

v ~ 10,000 purine bases are lost per cell per day.

g
. @ Note : ©

AXS) i ) pal daal) caad ¥
| sall (Gali s aaal) 315
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Removal of abnormal bases :

* Abnormal bases such as uracil or improper

incorporation of dUTP instead of dTTP is 1 ? 191 'ﬂ.
recognized by specific (MCQ) . removal & ACATCAC ¥
is from the backbone of the

:’ic::)nd , leave a apyrimidinic or apurinic site (AP- " (i Spontanecus

1. Recognizing the lesion s TeeAeTa 2
- ACGTUAC >
* (AP-site) is recognized by specific
that recognize that a base is
Missing . B Wmaam;“
2. Excision of the damaged section of the DNA S T8864°18 ;
strand 5 ACAY AC ¥
a. AP- endonuclease cuts just to the 5-side of lm' ’w,;;s.
(AP-site) s
- e - g e 5
b. deoxyribose phosphate lyase removes the I ‘ﬁ ﬁ ‘IT G I ﬁ.
single empty sugar-phosphate residue s & AcarT Ac ¥
Deoxyribose
3. Fill the gap using the sister strand as a template l"‘,ym”“"“"

* the gap left by removal of the bases is filled using e TGCAGTG s
the sister strand as a template by a 5°-3° DNA ¥ ‘I‘ llg !;l lrl Jl l‘; +
polymerase. (DNA polymerase I in E.coli . polg and
pole in eukaryotes). dcTP

DNA polymerase
and DNA ligase

* The cut ends of the DNA are ligated (spliced) by i
DNA ligase (3"-hydroxyl of new DNA spliced to > <

TGCAGTG

L 0nnwinm
ACGTCAC

5'-P of remaining stretch of original DNA strand)

Figure 29.29
Correction of base alterations.
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D.Repair of double-stranded breaks:

* High energy radiation or oxidative free radicals can cause
--- lethal to cells.(MCQ) ( very important )

* Double-stranded breaks in DNA can occur naturally during gene
rearrangement

* double-stranded breaks be repaired by strategy of excising the
damage on one strand & using remaining strand as template for
replacing the missing nucleotide(s) as in (A,B &C) (MCQ)

* double-stranded breaks are repaired by one of two systems:

1- nonhomologous end-joining repair

v" The ends of two DNA fragments are brought together by a group of
s that cause their religation.

v" This does not require that the two DNA sequences have any sequence
homology

v’ Is the main repair mechanism in humans
v’ Is Error prone & mutagenic

v" Defects in this repair system are associated with predisposition to
cancer & immunodeficiency syndrome.

2- Homologous recombination repair

v Uses the Glall e (3l LaY ola that normally perform genetic
recombination between homologous chromosomes during meiosis

v’ This system is used by the lower eukaryotes to repair double-stranded
breaks.

1 v ¢ v
%m@ Q/fl;(‘)b ¥
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