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OUR AIMS

To understand the DNA polymerases mechanism

To analyse the structural relationship between the
members of DNA polymerases families.

To study mechanism of interaction between DNA
and DNA polymerases.

To comprehend evolutionary relationships of DNA
polymerases.




MATERIAL AND METHODS

Bibliographic research

Blast against PDB and Swissprot databases

Sequence alignment: Clustalw and T_Coffee

Structural alignment: Stamp

Molecular visualization: RasMol , VMD, Jmol and Pymol

Databases: PDB, PFAM and SCOP
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DNA REPLICATION COMPONENTS
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DNA ligase RNA primer

DNA Polymerase (Pola)
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FAMILIES OF DNA POLYMERASES

Family A

Family B
Family C
Family D
Family X

Family Y

RT family

T7 polymerase
Replicative and repair enzymes E. coli polymerase |

Taq polymerase |

B. stearothermophilus

DNA replication and 3’-5’ Eukaryotic replicative DNA
exonuclease activity polymerase q, 0, €
DNA replication DNA polymerase |l
DNA replication and a 3'-5’ Furiosus DNA polymerase I

exonuclease activity

DNA polymerase 3, TdT, u
Base excision repair (BER) and A

Low fidelity on undamaged DNA E. Coli polymerases IV and
\Y

Conversion of ssRNA into dsDNA RT HIV-1,2




STRUCTURE OF DNA POLYMERASES

SUBDOMAINS

Common architecture likened to a
right hand:

* FINGERS subdomain: interacts
with the incoming nucleotide

« THUMB subdomain: binds the
duplex DNA product

. subdomain: contains the
catalytic residues

- CLEFT

DNA-polymerase |




GENERAL MECHANISM OF DNA POLYMERASES

dNTP PPi

E+pt = E-pt = \—> E-p/t + dNTP — E-p/t,,,— PPi é E-t/p, .

E: DNA polymerase
p: primer

t: template

PPi: pirophosphate




GENERAL MECHANISM OF DNA POLYMERASES
BINDING OF POLYMERASE TO DNA

Y .
¢ Fingers

DNA-polymerase | DNA-polymerase beta




GENERAL MECHANISM OF DNA POLYMERASES

dNTP BINDING

1. Finger domain rotates resulting in a “closed” structure
2. Base- flipping mechanism

3. The bases of incoming nucleotide interacts with the template
(Watson-Crick base- pair)

4. Metal mediated ionic interactions between amino acid
residues of the active site and triphosphate portion the dNTP




GENERAL MECHANISM OF DNA POLYMERASES

BASE- FLIPPING MECHANISM

Rotated B-DNA




GENERAL MECHANISM OF DNA POLYMERASES

Template
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GENERAL MECHANISM OF DNA POLYMERASES

NUCLEOPHILIC ATTACK

Metal A Primer
coordination
3’-OH and a- ~

phosphate in close

proximity Gon,\

Phosphoryl transfer ;pas0 &
: 0
reaction c~

Figure 8. Two metal ion mechanism




FAMILY A

MEMBERS

Replicative enzymes:

. . g $ :.
- Bacteriophages T3, TS and T7 ot i
b O U
H : S ) A Y
- Mitocondrial polymerases: y A

Repair enzymes:

1KLN, 3,20A

- E.coli polymerase |
- Taq polymerase |

- Bacillus stearothermophilus polymerase |




FAMILY A
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POL | E.COLI: STRUCTURAL CHARACTERISTICS
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PRIMER AND TEMPLATE INTERACTON WITH
DNA POLYMERASE

PRIMER STRAND
INTERACTION

TEMPLATE STRAND
INTERACTION

ER582:0G
ARG835:NH1

ASP827:0D2

\ \




FAMILY A SEQUENCE ALIGNMENT

IKLNA =~ —-PBLLEDEKAL-—— === === = === m o oo o oo oo
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3BDPA  —————--—- T
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Bst pol |
E.Coli pol |
Taq pol |

1KLNA
1TAUA
3BDPA

cons -

1KLNA
1TAUA
3BDPA

cons

1KLNA
1TAUA
3BDPA
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FAMILY A STRUCTURAL ALIGNMENT: PRIMER
INTERACTION RESIDUES

Thr Arg Lys
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FAMILY A STRUCTURAL ALIGNMENT: TEMPLATE
INTERACTION RESIDUES

Asp Arg
827 835
1TAUA KTLEEGRR LE——RVKQ g | VRLF
LELNA RTRAZGQZKE CN_ o pE IZVD
SBDPA NIVGEZRG —ruEN TS - IDLN
space
1TAURA dSSP 5550000000000 NNNNNNNNNNNNN _NNNNNNNNNNRNNRNNRNRNRNRRNRNNNNNNRRRRRRRRDDN
1RKLNA dSSP ,55550000000000000000000090999_0000000000000000000000333533555
3BDPA dssp [ i I
Asn Ser
579 582
1TAUA EEIZRIJZEVFRIE-GHPEFNLNSRDGLERVLED
1ELNA LRLEAETEEERLHE EEFNLSSCLCTILE-ERC—
3BDPA ECLGTVECRIYE -CEFNINSPRCLGVILFE—
space
1TAUA dssp 22222222222222-2222222222222222227
1ELNA dssp £9222222222222222222222222222-227
3BDPA dsSSp 2992990290029 0000_00000000000000000




FAMILY A TWO METAL ION
MECHANISM: CONSERVED RESIDUES

Asp
705

1TAUR TPLEQ I-ZEEGWLLVA vIEELSAEENE IRVEGEG THEASWMEGVERE
1RLNA NEEGR IAZ-PEDYVIVS I LSRERGELTAEAEG R AEVEGLPLE
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1ELNA dSSP 55000000000000020000000-0002000220022002000200022000220002200222022202222220222002
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Asp Glu
882 383

1TAUA L VELFEPREE--EMGARML VIEZElERZEAVARLARE
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1TAUR dssp _
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FAMILY A CONSERVED MOTIFS

Pol | E.coli Pol | Taq Pol | B. Stearothermophillus
Reglon 1
1TAUA VAEEIARIJIAEVFRLE-GHPFNLNSRDQLERVLFDjl|l————————- Sli-s--22jjL
1RLNA LTLRLAEIBRRAEEIBBEEFNLSSQLQTILF-ERQ-———-GIK-P-L EE--V-L
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1TAUA dssp 29929222222222222-22222222222222222222————————— 22-2--22272
1KLNA dssp 9900009222222222222222222222222-222-——=222-2-222222--2-2
3BDPA_dSSP nnnnnnnnnnnnnonnn_ 2000009292929292222222—=222222222-———_2222-7
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EEV 2
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Pol | E.coli Pol | Taq Pol | B. Stearothermophillus

B B Region 4 (B)
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1ELNA AEWEGLPLE TSE S FGLI&GL AF
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FAMILY A PREINSERTION SITE

Tyr 714

IRV QEG T °~WM GV PRE DPLM EGV Iv AH AI-PY QAFIE
LTA REG R AEV GLPLETETSE FGLT le AE NIP-R CEYMD
MEAERRD MDI_EQV SEDETPNM EGIV —NISR AEFIE




FAMILY A EVOLUTION

Bacteria (44)

Bacteriophage spo2
Mus308 (5)
Metazoa & -
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Mycobacteriophage LS
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FAMILY A STAMP

Taq pol |, Bst pol | and E.coli pol | Taq pol I, Bst pol I, E.coli pol | and
T7 pol

Sc 6.00 RMS 1.61
Sc 4.82 RMS 2.40




FAMILY X

Members:

*  DNA polymerase beta

*  DNA polymerase lambda
»  DNA polymerase mu

o TdT

DNA-polymerase lambda

All family members being found in vertebrates

Function: involved in base excision repair (BER)




FAMILY X

BASE EXCISION REPAIR (BER)

Damaged base

L) 1
i | 1 1

1 Glycosylase

AP site | . :
1 AP endonuclease
3 oH\G' 9RP
Long Patch | . 1 Short Patch
/ \5' dRP lyase
drP
Polymerase OH P
(displacing synthesis) ':'_ , _r
Polymerase
Ll L L L i1l (nondisplacing synthesis)
Ligase

Hlap endonucleasel . . .
1 1 1

TITITITTTT

Ligase 1

TTTTTTTTT
11111

Removal of damage base

4

Incision of the sugar-
phosphate backbone 5’ of
the AP site

4

5 terminal dRP site

Replace the missing
nucleotide

4

dRP group is removed

The gap is ligated




DNA POLYMERASE BETA

LYASE
DOMAIN

FINGER
DOMAIN DOMAINS

* Amino- terminal lyase domain (8 kDa =
90 residues)

« Carboxyl- terminal polymerase domain
(31 kDa = 250 residues)

PALM
DOMAIN

1BPY, 2.20A

THUMB
DOMAIN

C N

ssDNA binding Nucleotidyl
dRP Lyase Transferase

Lyase Domain Polymerase Domain




DNA POLYMERASE BETA

LYASE DOMAIN

The dRP lyase active site (Lys72) is observed to be a
part of a lysine-rich poc(:jket on the surface of the 8kDa
omain

Lysine-rich pocket on t rface of 8-kDa domain



DNA POLYMERASE BETA

PALM DOMAIN

There are three aspartates
that coordinate two divalent
cations (Mg 2*), that assist
the nucleotydil transferase
reaction.

Asp 190

Asp 192

Asp 256




DNA POLYMERASE BETA

NUCLEOTIDE SELECTIVITY DURING dNTP BINDING

.. dNTP

Phe272
Asp27‘6s Ny,

/ p 'Tyr271
\f )

/

(

dNTP Binding Pocket: E

Tyr271, Phe272, Asp276 and Asn279




HELIX-HAIRPIN-HELIX (HhH) MOTIF

* Involved in non-sequence-specific
DNA binding

« Structurally, the motif forms into a
pair of anti-parallel a-helices
connected by a hairpin-like loop

- Sequence pattern: glycine-
hydrofobic residue- glycine

There are two HhH in the structure of
DNA polymerase beta:

* Fingers domain



DNA POLYMERASE BETA

SEQUENCE ALIGNMENT

FLUSTAL FORMAT for T-COFFEE Version_7.54 [http://www.tcoffee.org] [MODE:

1BPY_A|PDBID | CHAIN|SEQUENCE
1XSN_A|PDBID | CHAIN|SEQUENCE
2IHM_A|PDBID | CHAIN|SEQUENCE

1BPY_A|PDBID | CHAIN|SEQUENCE
1XSN_A|PDBID | CHAIN|SEQUENCE
2IHM_A|PDBID | CHAIN|SEQUENCE

1BPY_A|PDBID | CHAIN|SEQUENCE
1XSN_A|PDBID|CHAIN|SEQUENCE
2IHM_A|PDBID | CHAIN|SEQUENCE

1BPY_A|PDBID | CHAIN|SEQUENCE
1XSN_A|PDBID | CHAIN|SEQUENCE
2IHM_A|PDBID | CHAIN|SEQUENCE

1BPY_A|PDBID | CHAIN|SEQUENCE
1XSN_A|PDBID | CHAIN|SEQUENCE
2IHM_A|PDBID|CHAIN|SEQUENCE

1BPY_A|PDBID | CHAIN|SEQUENCE
1XSN_A|PDBID | CHAIN|SEQUENCE
2IHM_A|PDBID | CHAIN|SEQUENCE

1BPY_A|PDBID|CHAIN|SEQUENCE
1XSN_A|PDBID | CHAIN|SEQUENCE
2IHM_A|PDBID | CHAIN|SEQUENCE

————— MSKRKAP-QETLNGGITDMLTELAN---FEKNYSQATHKYNAYRKAASYIAKYPH
————— MAQPSSOKATNHNLHI TEKLEYLAKAYSYQGDKW----RALGYAKAINALKSFHK

SMPAYACQRPSP-LTHHNTLLSEALETLAEAAGFEANEG————RLLSFSRAASULKSLPC
. L w8 LI R | R R

KIKSGAEAKKLPGYGTKIAEKIDEFLATGKLRKLEKIRQDDTSSSINFLTRYSGIGPSAA
PYTSYQEACSIPGIGKRMAEKI IEILESGHLRKLDHI --SESYPYLELFSNIWGAGTKTA

PVASLSQLHGLPYFGEHSTRUIQELLEHGTCEEVKQURCSERYQTMKLFTQVFGUGUKTA
IR ok K 2 os K Kk K e ee e saees IR 2 S

RKFYDEGIKTLEDLRKNEDKLNHHQRIGLKYFGDFEKRIPREEMLQMOQD IYLNEYKKYDS
QMWYQQGFRSLEDIRSQA-SLTTQQAIGLKHYSDFLERMPREEATEIEQTYQKAAQAFNS

NRWYQEGLRTLDELREQPQRLTQQQKAGLQYYQDLSTPVRR#DAEALQQLIEAAvRQTLP
L L L

EYIATYCGSFRRGAESSGDMDYLLTHPSFTSESTKOPKLLHQWWYEQLOQKYHF ITD-———-
GLLCYACGSYRRGKATCGDYDYLITHPDGRSHRGIFSRLL----DSLROEGFLTD-—-—-
GATUTLTGGFRRGKLQGHDUDFLITHPEEGQEUGLLPKUM——-—SCLQSQGLULYHQYHR

T EFT I TN
-TLS-—--K GETKFMGYCQLPSKNDEKEYPHRRIDIRL
-DLVYSQEENG QQOKYLGYCRLPGPG----RRHRRLDI IV
SHL#DS#HNLRQRSSTHDVFERSFCILGLPQPQQAALAG#LPPCPT————WK#URUDLUV
: I *okg
IPKDOYYCGYLYFTGSDIFNKNMRAHA-LEKGF TINEYTIRPLGYT—————- GVYAGEPLP
YPYSEFACALLYFTGSAHFNRSMRALA-KTKGMSLSEHALSTAVYRNTHGAKYGPGRYLP

TPSSQFPFALLGWTGSQFFERELRRFSRQEKGLWLNSHGLFDPE —————————— QKRVFH
. LT 5 I ST S 2 T A

YDSEKDIFDY IQWKYREPKDRSE
TPTEKDYFRLLGLPYREPAERDW

ATSEEDVFRLLGLKYLPPEQRNA
skakak * Kk 2k,

], CPU=8.22 sec, SCORE=87, Nseq=3, Len=383

DNA polymerase beta (1BPY,2.20A)
DNA polymerase lambda (1XSN,1.95A)
DNA polymerase mu (2IHM, 2.40A)

SCORE: 87




X FAMILY

STRUCTURAL ALIGNMENT

Asp of catalytic domain

ZTHMA @ EH —————— QE-VGLLPRVMSCQ8QELVLY-HQ- - - VllJliD- VFERSFCILG--P-- QP TWRA
1BPYA @ - ’I‘KQE‘KLLHQUUEIZ‘Z QRVHFITDTLSR---—--- G--ETRFMGVCOEBERNEREYPH
1gans B Dw —————— HR-GIFSRLLDSPRQEGFLTDDLVSEE- - - - nBoooRYLGVCR- - G- - PGRRH L I

DNA polymerase beta (1BPY)
DNA polymerase lambda (1XSN)
DNA polymerase mu (2IHM)

Helix-hairpin-helix motif

Z THM VG TCEEVRQY c {ERYQTMRLF T QVF VRTE Ry QEGLRTHDELPECF CRET OC
1BPYA KLRKLEKI QDDTSSSINFLTRVS I PS28RRFUDE IKT EDL@RNEDK@IH RI
1X8NA HLRRLDH--ISESVEVLELF SNIW TRTE QMY Q0 epTls0- PO

H
H = H
B]EDJ
w0




X FAMILY
STRUCTURAL ALIGNMENT

DNA polymerase lambda (1XSN)
DNA polymerase mu (2IHM)

RMSD:1,89
SCORE: 8,50




EVOLUTIONARY RELATIONSHIP BETWEEN FAMILY X
H DNA polymerase
lambda and DNA
polymerase beta have
» a less evolutionary

entomopoxvirus

distant than DNA
polymerase mu
o

Homo sapiens
Pa ot

ine Fever
African Seipoix

—

Pol mu
Arabidopsis thaliana
ac‘“ P
Ge° Saccharomyces cerevisiae
" 08“‘3\\’“5 Candida glabrata
0o? At
e Ca Somn
g »° &55s
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Fig. 1. Evolutionary relationships between family X members. An unrooted phylogenetic tree built using a primary sequence alignment of a segment of the catalytic

domain. Different enzymes are grouped (shaded areas) into the five main enzyme classes in the family: Pol 3, Pol A, Pol ., TdT, and trypanosomatid (Try) Pol B-like




FAMILY C

Members:

 DNA polymerase lli

The main eubacterial DNA
polymerases that is responsible
for the replication of DNA
duplex

Organisms studied

- E. Coli: 2HNH (2.30A)

- T. aquaticus
2HPI (3 A)
3EOD (4.5 A)

Figure 9. Subunit alpha of E. coli DNA
polymerase Il




DNA POLYMERASE Ili

DNA polymerase Ill holoenzyme is composed of 10 subunits

- The core polymerase: a, £, 6.

E ©
a 3’-5’ proofreading Minor stimulation of €
catalytic subunit exonuclease

- The clamp loader complex (y complex): multisubunit ATPase.

- The B-sliding clamp: encircles duplex DNA.




ALPHA SUBUNIT OF DNA
POLYMERASE Ili

THUMB
DOMAIN

PALM
DOMAIN

FINGERS
DOMAIN

Subunit alpha of E. coli DNA polymerase Il




ALPHA SUBUNIT OF DNA
POLYMERASE Ili

DOMAINS

PHP domain (N-terminal)

B binding domain

C-terminal domain

Subunit alpha of T. aquaticus DNA polymerase |l




STRUCTURE OF ALPHA SUBUNIT OF DNA POL 11

PALM DOMAIN

BNT fold: 5 stranded mixed Bsheet

3 catalytic conserved aspartate
residues in T. aquaticus
Asp463, Asp465 and Asp618

Equivalent residues in E.coli
Asp401, AspD403, and Aspd55

Palm domain of E.coli DNA pol Ill




STRUCTURE OF ALPHA SUBUNIT OF DNA POL IIlI:
T. aquaticus

PALM DOMAIN

Palm domain of E.coli DNA pol Il



PALM DOMAIN

Palm domain of E.coli DNA pol Il



PALM DOMAIN




T. aquaticus vs. E. coli

Gly 425, Ser 426 PALM DOMAIN Asp 463, Asp 465

|
ZHNHA

ZHPIA
space
2HNHA dssp
2HPIA dssp

2ZHNHA
ZHPIA
space
2HNHA dssp
2HPIA dssp

2ZHNHA
2ZHPIA
space
2HNHA dssp
2HPIA dssp

2HNHA
2HPIA
space
2HNHA dssp
2HPIA dssp

GSGAGSLVAYALKITDLDPLEFDLLFERFLNPERVSMPDFDVDFCMEKRDQVIEHVADMY
GSAAGSLVAYAVGITNIDPLRFGLLFERFLNPERVSMPDIDIDFSDRERDRVIQYVRERY

| R P--EIYEADEEVKALIDMARKLEGVIRNAGKHA--GGVVIAPTKIT
-PVQFGKPKPLQEAELRAEMEKDERIRQVIEVAMRLEGLNRHA--SVHAAGVVIAAEPLT

Lys 616 _ Asp 618
DFAPLYCDEE-GKHPVIQFDKSDVEYAGLVK! D LGLRTLTIINWALEMIN-KRRAKNGE

DLVPLMRD--QEGRPVIQYDMGAVEALGLL.KI'D *LGLRTLTFLDEARRIVKESK-——--G-




STRUCTURE OF DNA POL III:

T. aquaticus

FINGERS DOMAIN

A large crescent-shaped structure composed exclusively of alpha helixes

Fingers domain of T.aquaticus DNA pol Ill



STRUCTURE OF DNA POL 1l

T. aquaticus

FINGERS DOMAIN

The triphosphate interacts with a
cluster of 4 highly conserved arginine
residues:

* Arg452 and Arg458 from the palm

* Arg766 and Arg767 from fingers
domain




2HNHRA
2HPIR
space
2HNHA dssp
2HPIA dssp

2HNHR
2HPIA
space
2HNHA dssp
2HPIA dssp

2HNHRA
2HPIR
space
2HNHA dssp
2HPIA dssp

2HNHA
2HPIA
space
2HNHA dssp
2HPIA dssp

2HNHA
2HPIA
space
2HNHA dssp
2HPIA dssp

2HNHA
2HPIA
space
2HNHA dssp
2HPIA dssp

GSGAGSLVAYALKITDLDPLEFDLLFLRI'LNPE RV SMPDFDVDFCMEKRDQVIEHVADMY
GSAAGSLVAYAVGITNIDPLRFGLLFIIRI'LNPI RV SMPDIDTDFSDRERDRVIQYVRERY

A P--EIYEADEEVKALIDMARKLEGVIRNAGKHA--GGVVIAPTKIT
-PVQFGKPKPLOQEAELRAEMEKDERIRQVIEVAMRLEGLNRHA--SVHAAGVVIAAEPLT

DFAPLYCDEE-GKHPVIQFDKSDVEYAGLVKFDFLGLRTLTIINWALEMIN-KRRAKNGE
DLVPLMRD--QEGRPVIQYDMGAVEALGLLKMDFLGLRTLTFLDEARRIVKESK-—-—--G-

PLQSGMVDNFIDRKHGREEISYPDVQWQ-—--H-ESLKPVLEPTYGIILYQEQVMOIAQVL
P--MEHIPTYIRRHHGQEPVS--YA--EFPHAEKYLRPILDETYGIPVYQEQIMOIASQV

SGYTLGGADM MGKKKPEEMARKQRSVFAEGAERKNGINAELAMKIFDLVEKFAGYGFN
AGYSLGEADL GKKRVEEMQKHRERFVRGAKERGVPEEEANRLFDMLEAFANYGFN

Conserved
residues in
palm and
fingers domain




STRUCTURE OF DNA POL 1l
T. aquaticus

THUMB DOMAIN

It is 4 helix bundle

It binds to the primer/template
DNA




STRUCTURE OF DNA POL 1l
T. aquaticus

THUMB DOMAIN




STRUCTURE OF DNA POL 1l

T. aquaticus

PHP DOMAIN

A TIM barrel-like fold with
seven-stranded 3-barrel
surrounded by seven
helices

Function
It exhibits a zinc ion-dependent
3’-5" exonuclease activity




STRUCTURE OF DNA POL I
T. aauaticus

PHP DOMAIN




STRUCTURE OF DNA POL 1l
T. aquaticus

BETA BINDING DOMAIN

The B binding domain has an a3 fold and interacts extensively with the fingers
domain

Fingers

The internal
B binding site

helix-hairpin-helix
(HhH)




2HNHA
2HPIA
space
2HNHA dssp
2HPIA dssp

2HNHR
2HPIR
space
2HNHA dssp
2HPIA dssp

2HNHA
2HPIA
space
2HNHA dssp
2HPIA dssp

2HNHA
2HPIA
space
2HNHA dssp
2HPIA dssp

2HNHA
2HPIA
space
2HNHA dssp
2HPIA dssp

2HNHA
2HPIA
space
2HNHA dssp
2HPIA dssp

PLQSGMVDNFIDRKHGREEISYPDVQWQ---H-ESLKPVLEPTYGIILYQEQVMQIAQVL
P--MEHIPTYIRRHHGQEPVS--YA--EFPHAEKYLRPILDETYGIPVYQEQIMQIASQV

SGYTLGGADMLRRAMGKKKPEEMAKQORSVFAEGAERKNGINAELAMKIFDLVERKFAGYGFEFN
AGYSLGEADLLRRAMGKKRVEEMOKHRERFVRGAKERGVPEEEANRLFDMLEAFANYGFN

KSHSAAYALVSYQTLWLKAHYPAEFMAAVMTADMDNTERVVGLVDECWRMGLKILPPD-I
KSHARAYSLLSYQTAYVKAHYPVEFMAALLSVERHDSDKVAEYIRDARALGIP-VLPPDV

NSGLYHFHVNDDGEIVYGIGARK-GVGEGPIEAIIE -GGYFRELFDLC--2---RT
NRSGFDFRKV-VGEEILFGLSA GEMAARAILEERNRGGP-FKSLGDFLKRLPEQVV

-DITKKLNRRVLEKLIMSGAFDRLGPHRAATMNSLGDAL-KAAD-————————————————
NK-RA-LESLVEK----AGALDAFG----D-RARLLASLEPLLRWAARETRERGRSGLVGLF

BETA BINDING DOMAIN

helix-hairpin-helix
(HhH)




STRUCTURE OF DNA POL 1l
T. aquaticus

C- TERMINAL DOMAIN




STRUCTURAL ALIGNMENT

T. aquaticus vs. E. coli

DNA polymerase Il of T. aquaticus

DNA polymerase Il of E. coli

Score 4.58
RMSD 2.59




COMPARISON BETWEEN FAMILIES
PALM DOMAIN

DNA POLYMERASE | DNA POLYMERASE Il DNA POLYMERASE BETA




COMPARISON BETWEEN FAMILIES
PALM DOMAIN

DNA POLYMERSE Il

DNA POLYMERSE >\
BETA

DNA POLYMERSE |




COMPARISON BETWEEN FAMILIES
SEQUENCE ALIGNMENT vs. STRUCTURAL ALIGNMENT

CLUSTAL FORMAT for T-COFFEE Version_7.54 [http://www.tcoffee.org] [MODE:

1BPY_A|PDBID | CHAIN | SEQUENCE
1KLN_A|PDBID | CHAIN | SEQUENCE
2HPI_A|PDBID | CHAIN | SEQUENCE

1BPY_A|PDBID | CHAIN | SEQUENCE
1KLN_A|PDBID | CHAIN | SEQUENCE
2HPI_A|PDBID | CHAIN | SEQUENCE

1BPY_A | PDBID | CHAIN | SEQUENCE
1KLN_A | PDBID | CHAIN | SEQUENCE
2HPI_A|PDBID | CHAIN | SEQUENCE

1BPY_A | PDBID | CHAIN | SEQUENCE
1KLN_A | PDBID | CHAIN | SEQUENCE
2HPI_A|PDBID | CHAIN | SEQUENCE

1BPY_A|PDBID | CHAIN | SEQUENCE
1KLN_A|PDBID | CHAIN | SEQUENCE
2HPI_A|PDBID | CHAIN | SEQUENCE

1BPY_A|PDBID | CHAIN | SEQUENCE
1KLN_A | PDBID | CHAIN | SEQUENCE
2HPI_A|PDBID | CHAIN | SEQUENCE

1BPY_A|PDBID | CHAIN | SEQUENCE
1KLN_A|PDBID | CHAIN | SEQUENCE
2HPI_A |PDBID | CHAIN | SEQUENCE

1BPY_A|PDBID | CHAIN | SEQUENCE
1KLN_A|PDBID | CHAIN | SEQUENCE
2HPI_A|PDBID | CHAIN | SEQUENCE

1BPY_A|PDBID | CHAIN | SEQUENCE
1KLN_A | PDBID | CHAIN | SEQUENCE
2HPI_A|PDBID | CHAIN | SEQUENCE

], CPU=0.91 sec,

MSKRKA PQETLNGGI T---DMLTELANFEKN
VISYDNYVTIL--DEETLKAWIAKL-——————- EKAPVFAFATET---DSLDNISANLVG
MGSKLKFAHLHQHTQFSLLDGAAKLQDLLKWVKETTPEDPALAMTDHGNLFGAVEFYKKA
: . Dok * 11
VSQATH-————-—- KYNAYRKAASVIAKYPH--KIKSGA
LSFAIEPGVAAYIPVAHDYLDAPDQISRERALELLKPLLE DEKA
TAMGVKP-——-- IIGYEAYVAAESRFDRKRGKGL--DGGYFHLTLLAKDFTGYQNLVRLA
T .. A

EAKKL--PGVGTKIAEKIDEFLA--TGKLRKLEKIRQDD
————— LKVGQNLKYDRGILANYGIELRGIAFDTMLESYILNSVAGRHDMDSLAERWLKHK
SRAYLEGFYEKPRIDREILREHAQGL--IALSGCLGAEIPQFIL--QDRLDLAEARLNED

* “ee : * 13 . *
TSSSI-NFLTRVSGIG PSAARKF
T ITFEEIAGKGK-NQLTFNQIALEEAGRYAA ED
LSIFGDRFFIEIQNHGLPEQKKVNQVLKEFARKYGLGMVATNDGHYVRKEDARAHEVLLA
HEE R R

________________ VDE-GIKTLEDLRK:

IQSKTTLDDPERWRFPCDEFYVKTPEEMRAMLPEAEWGDEPFDNTVEIARMCDVDLPIGD

NEDKLN

KMVYRIPRFPLPEGRTEAQYLRELTFLGLLRRYPDRITEAFYREVLRLLGTMPPHGDERA

---HHQRIGLKYFGDFEKRIPREE

—ADVTLQLHLKMWPDLQKHKGPLNVFE————-| NIEMPLVPVLSRIERNGVK-————————

LAEALARVEEKAWEELRKRLPPLEGVREWTAEAILHRALYELSVIERMGFPGYFLIVQDY
HEE O :

MLQMQDI-—-—-

IDP KVLHNHS

EELTLRLAELEK-KAHEIAGEEFNLSSTKQLQTI--LFEKQGIKPLKKTPGGAPSTSEEV
------- SDRERDRVIQYVRERYGEDKVAQIGTFGSLASKAALKDVARVYGIPHKKAEEL

2HPIA
1BPYA
1KLNA
space
2HPIA_dssp
1BPYA_dssp
1KLNA_dssp

2HPIA
1BPYA
1KLNA
space
2HPIA_dssp
1BPYA_dssp
1KLNA_dssp

2HPIA
1BPYA
1KLNA
space
2HPIA_dssp
1BPYA_dssp
1KLNA_dssp

2HPIA
1BPYA
1KLNA
space
2HPIA_dssp
1BPYA_dssp
1KLNA_dssp

2HPIA
1BPYA
1KLNA
space
2HPIA_dssp
1BPYA_dssp
1KLNA_dssp

2HPIA
1BPYA
1KLNA
space

2HPIA_dssp

—————————————————— TVEIAR-----MCDVDLPIGDKMVYRIPRFPLGRTEAQYLRE
PKLLHQVVEQLQKVHFITD-TL-SKGETKFMGVCQ
——————————————————— YHQAVT---ATGR---LSSTDPNLQNIPVRNEEGRRIRQAF

------------------ 727227 ————=2222222222222222222222222222227?
7222222222222222222-22-222222222227
——————————————————— ?272227-—-2227——-27222222222222222222222??

LTFLGLLRRYPDRITEAFYREVLRLLDERALAEALARVEEKAWEELRKREWTAEAILHRA
LPSKND
IAPEDYVI----VSADYSQIELRIMAHLSRDKGLLTAFAEGKDIHRATAAEVFGLPLETV

272222222222 RRRRRRRRRRRRNNNNNNNNNNNNNNNNNNNNNINININIIIIYNTY?Y

2 =2 2R R R RN RN NRRRTNNRNNNNRNNNNNNNINNN?

LYELSVIERMGFPGYFLIVQDYINWARGHGVSVGPGRGSAAGSLVAYAVGITNIDPLRFG

TSEQRRSAKAINFGLIYGMSAFGLARQLNIPRKEAQKYMDLYFERYPGVLEYMERTRAQA

2722222202222222202222222222222222222222222222222222222272?7?

272222222222 RRRRRRRNNRNNNNNNNNNNNNNNNNNNNNNNNINIIINIIIIIYNY?Y

LLFERFLNPERVSMPDIDTDFSDRERDRVIQYVRERYGEDKVAQIGTFGSLASKAALKDV

KEQGYVETLDGRRLYLPDIKSSNGARRAAAERAAINAPMQGTAADIIKRAMIAVDAWLQA

2R R RN RN RNRNNNRNNNNRNNNNNNINNIN?

2222222222222 RRR R RRRRRRRRRRYRNRNRNRYNTY?

ARVYGIPHKKAEELAKLIPVQFGKPKPLQEAELRAEMEKDERIRQVIEVAMRLEGLNRHA
-—EKEYPHRRIDIRLIPKDQYYCGVLYFTGSDIFNKNMRAHALEKGFTINEYTIRPLGVT
EQPRVRMIMQVHDELVFEVHKDDVDAVAKQIHQLMENCTRLDVPLLVEVGSGENWDQAH-

2722222222222 RRRRRRRNRRNNNNNNNNNNNNNNNNNNNNNNNINININIIIIIYNTY?Y

72 R R R R R RN

SVHAAGVVIAAEPLTDLVPLMRDQEGRPVTQYDMGAVEALGLLKMDFLGLRTLTFLDEAR
GVAGEPLPVDSEKDIFDYIQWKYREPKDRSE

2722222222222 2222222222222222222222222222222222222227?




CONCLUSIONS

To sum up we have seen that there is a common
mechanism that takes place during DNA replication in
different families of DNA polymerases

We can conclude that the structure is well conserved in
DNA polymerase families

We have observed different conserved residues that are
iInvolved in interactions between DNA polymerases and
DNA

We have done an approximation of evolutionary
relationships between DNA polymerases
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