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Abstract: Previous studies revealed that DNA ligase [l was restricted to vertebrates and functioned in
nucleus DNA repair and mitochondria DNA replication and repair. Although recent researches have
reported that DNA ligase [l is also found in non-vertebrates, little attention has been devoted to the
distribution and functional evolution of DNA ligase [[[. To probe the functional evolution of DNA ligase
[, database searches, mitochondrial localization signal prediction (MLS) and functional conservation
analysis were performed. The results show that, DNA ligase [l can be observed in amoebozoa, metazoa

and choanoflagellates, but the whole protein or some domains are lost in some species including fungi. The
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MLS prediction analysis suggests that, the DNA ligase [ in many species can not function in

mitochondria, and is consequently less likely to play a role for DNA ligase [ in mitochondria. The

conservation analyses of functional site demonstrate that nucleus DNA repair is an ancient and conserved

function of DNA ligase II.

Key words: DNA ligase [ll ; mitochondria localization signal; ZnF; BRCT; functional evolution
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Tab.1 The distribution and domain composition of DNA ligase [

species length accession number domain targetP  MLS MitoProt
Monosiga brevicollis MX1 1132 NCBI| XP_001745548 ZnF DBD NTase OBD BRCT 0.796 M 0.899 3"
Dictyostelium discoideum AX4 1175 NCBI| XP_638847. 1 NTase OBD BRCT BRCT 0.108 _ 0.0601
Polysphondylium pallidum PN500 1 017 NCBI|EFA78161 NTase OBD BRCT BRCT 0.121 _ 0.0335
Trichoplax adhaerens 823 NCBI|XP_002113418. 1 ZnF DBD NTase OBD 0.103 _0.1317
Nematostella vectensis 864 NCBI| XP_001630058. 1 ZnF DBD NTase OBD 0.058 _0.1394
Brugia malayi 607 NCBI| XP_001896024. 1 DBD NTase OBD 0.039 _ 0.027 8
Caenorhabditis remanei 491 NCBI| XP_003113685. 1 ZnF DBD 0. 261 _ 0.5538
Caenorhabditis elegans 493 NCBI|NP_505659. 1 ZnF DBD 0.325 _ 0.696 8
Caenorhabditis briggsae 467 NCBI| XP_002646686. 1 ZnF DBD 0.276 _0.848 2
Helobdella robusta 1013 JGII113751 ZnF DBD NTase OBD 0.117 _0.1338
Capitella capitata 841 JGI|213234 ZnF DBD NTase OBD BRCT 0.083 _ 0.5898
Lottia gigantea 903 JGI1]228755 ZnF DBD NTase OBD BRCT 0.092 _0.4222
Drosophila ananassae 788 NCBI|XP_001953809. 1 DBD NTase OBD BRCT 0.818 0.949 2~
Drosophila willistoni 796 NCBI|XP_002070126. 1 DBD NTase OBD BRCT 0.049 _ 0.2634
Drosophila melanogaster 806 NCBI|NP_650187. 2 DBD NTase OBD BRCT 0.562 0.963 5"
Drosophila mojavensis 788 NCBI|XP_001999197. 1 DBD NTase OBD BRCT 0.067 _0.1043
Drosophila virilis 818 NCBI| XP_002054326. 1 DBD NTase OBD BRCT 0.781 0.984 1~
Nasonia vitripennis 941 NCBI| XP_001601405. 1 ZnF DBD NTase OBD 0.04 0.012 3
Apismellifera 1 009 NCBI|XP_396537. 3 ZnF DBD NTase OBD 0.06 _ 0.033 1
Pediculus humanus corporis 927 NCBI| XP_002425250. 1 ZnF DBD NTase OBD 0.089 _ 0.011 9
Acyrthosiphon pisum 875 NCBI| XP_001943689. 1 ZnF DBD NTase OBD 0.048 _ 0.0503
Tribolium castaneum 853 NCBI| XP_967954. 1 ZnF DBD NTase OBD 0.05 _ 0.646 6
Ixodes scapularis 851 NCBI| XP_002406581. 1 ZnF DBD NTase OBD BRCT 0.075 _0.3513
Strong ylocentrotus purpuratus 875 NCBI| XP_001188625. 1 ZnF DBD NTase OBD 0.07 _ 0.066 4
Ciona savignyi 854 EN[ENSCSAVP00000011468  ZnF DBD NTase OBD BRCT 0.118 _ 0.706 4
Ciona intestinalis 854 NCBI|XP_002129234. 1 ZnF DBD NTase OBD BRCT 0.118 _ 0.706 4
Branchiostoma floridae 928 NCBI|XP_002613830 ZnF DBD NTase OBD BRCT 0. 341 _ 0.086 2
Takifugu rubripes 936 EN|ENSTRUP00000027351  ZnF DBD NTase OBD BRCT 0.092 _0.0728
Gasterosteus aculeatus 984 EN|ENSGACP00000027561 ZnF DBD NTase OBD BRCT 0.816 M  0.976 7~
Danio rerio 751 NCBI|NP_001025345. 1 ZnF DBD NTase OBD 0.071 _ 0.252 8
Tetraodon nigroviridis 873 NCBI|CAG00890. 1 ZnF DBD NTase OBD 0.082 _ 0.340 9
Xenopus tropicalis 986 EN|ENSXETG00000019634 ZnF DBD NTase OBD BRCT 0. 888 M  0.989 7~
Xenopus(Silurana) tropicalis 893 NCBI|NP_001016351. 2 ZnF DBD NTase OBD 0. 888 M 0.990 3~
Xenopus laevis 988 NCBI|NP_001082183. 1 ZnF DBD NTase OBD BRCT 0.543 M  0.976 67
Gallus gallus 900 NCBI|NP_001006215. 1 ZnF DBD NTase OBD BRCT 0.073 _ 0.1868
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species length accession number domain targetP  MLS MitoProt
Taeniopygia guttata 929 NCBI|XP_002192251. 1 ZnF DBD NTase OBD BRCT 0.073 0. 154
Meleagris gallopavo 897 NCBI|XP_003211777. 1 ZnF DBD NTase OBD BRCT 0.073 _ 0.069 7
Microcebus murinus 1011 EN|ENSMICG00000006814 ZnF DBD NTase OBD BRCT 0.469 M 0.869 9"
Preropus vampyrus 1012 EN|ENSPVAG00000013427  ZnF DBD NTase OBD BRCT 0.328 S 0. 866 6
Equus caballus 1013 NCBI| XP_001501551 ZnF DBD NTase OBD BRCT 0.692 M 0.930 8~
Macaca mulatta 1 009 NCBI| XP_001113800. 1 ZnF DBD NTase OBD BRCT 0.718 M 0.815 1"
Gorilla gorilla 1009 NCBI|ENSGGOG00000025637 ZnF DBD NTase OBD BRCT 0.75 M 0.859 9"
Pongo abelii 1 009 NCBI|XP_002827301. 1 ZnF DBD NTase OBD BRCT 0.608 M 0.861~
Pan troglod ytes 1009 NCBI| XP_511409. 2 ZnF DBD NTase OBD BRCT 0. 804 M 0.882 67
Homo sapiens 1009 NCBI|P49916. 2 ZnF DBD NTase OBD BRCT 0.763 M 0.880 9"
Callithrix jacchus 1016 NCBI| XP_002748407. 1 ZnF DBD NTase OBD BRCT 0. 286 _ 0.722 5
Tursiops truncatus 1 000 EN|ENSTTRG00000015470  ZnF DBD NTase OBD BRCT 0.112 _ 0.558 6
Ailuropoda melanoleuca 1014 NCBI| XP_002923661. 1 ZnF DBD NTase OBD BRCT 0.687 M 0.862 1"
Oryctolagus cuniculus 1011 NCBI| XP_002719278. 1 ZnF DBD NTase OBD BRCT 0.195 _ 0.590 2
Canis familiaris 1012 NCBI|XP_548265. 2 ZnF DBD NTase OBD BRCT 0. 647 M 0.834"
Cavia porcellus 1 006 EN|ENSCPOP00000011732 ZnF DBD NTase OBD BRCT 0.193 _ 0.751 4
Dipodomys ordii 1011 EN|ENSDORG00000013422 ZnF DBD NTase OBD BRCT 0.556 M 0.643 3~
Ochotona princeps 1007 EN|ENSOPRG00000011746 ZnF DBD NTase OBD BRCT 0. 816 M 0.726"
Loxodonta africana 1017 EN|ENSLAFG00000001574 ZnF DBD NTase OBD BRCT 0.822 M 0.823 1"
Mus musculus 1015 NCBI|P97386. 2 ZnF DBD NTase OBD BRCT 0.199 _ 0.642 2
Rattus norvegicus 1018 NCBI| EDM05447. 1 ZnF DBD NTase OBD BRCT 0.291 _ 0.778 6
Bos taurus 944 NCBI|NP_001033196. 1 ZnF DBD NTase OBD 0.657 M 0.617 97
Monodel phis domestica 1011 NCBI| XP_001373823. 2 ZnF DBD NTase OBD BRCT 0.74 M 0.971 6"

[#])  Accession numbers are from NCBIChttp://www. ncbi. nlm. nih. gov/protein/) . Ensemble(http;//www. ensemble. org/) and JGI

Gonome portal (http://genome. jgi-psf. org/) databases, referred to as “NCBI| 7,“EN| ” and “JGI| ” respectively. TargetP and

Mitoprot are used to predict MLS ( “M”; proteins in mitochondria; “S”; proteins in cytoplasm,
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DNA ligase [Ilu was chosen in species containing both o and B isoforms. Residues in the DBD domain that contact DNA were marked with double
triangle. The two helices (al,u9) the functional residues in them were marked by square. The functional site residues in the ZnF domain

were marked with diamond. The ellipse marked residue is Lys421. The functional sites in the BRCT domain were marked with triangle
(a) The multiple sequence alignments of DNA Ligase 1
OBD

Species abbreviations: Cioin, Ciona intestinalis; Human, Homo sapiens; Xenla, Xenopus laevis; Gasac, Gasterosteus Aculeatus;

Nemve, Nematostella vectensis; Drome, Drosophila melanogaster; Monbr, Monosiga brevicollis MX1; Dicdi, Dictvostelium discoideum AX4

ZnF DBD

NTase

(b) The domain arrangement of DNA Ligase Ill

B 1

BRCT

EZEYMHE DNAEZEI o ZFFILLITE

Fig. 1 The sequence alignments and domain arrangement of DNA Ligase II
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\ conserved functional sites were labeled
.y
\___
~ (b) The conservation of ZnF domain
(a) The conservation of ZnF domain in cartoon diagram shown by transparent surface diagram

Gradient of different colors shows functional sites from variation to conservation
2 ZoF SMEENERTE

Fig.2 The conservation of ZnF domain

3 X
- /
Arg327
L}s\i??a rg
two conserved functional residues
(a) The combination of DNA and DBD domain (Lys323 and Arg327) were shown

(b) Conservation of DBD domain

(c) Conservation of complete catalytic regions (d) Transparent surface view of conservation
in cartoon model of complete catalytic regions

3 DBD,NTase #1 OBD £ #4935 0y & # R = {4
Fig. 3 The conservation of DBD, NTase 1 OBD domain
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(a) Model of six important functional sites in BRCT domain

(b) Electrostatic potential distribution in BTCT domain
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Fig. 4 Transparent surface and cartoon diagram of BRCT domain
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