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Abstract: Thymine glycol (Tg) is one of the common oxidative DNA damage bases. It can stall DNA

polymerase and RNA polymerase that perform DNA replication and transcription, thus leading to the

termination of the corresponding biological processes and further causing cell death. Therefore, Tg in

DNA needs to be repaired. Endonuclease III (Endolll) is a bifunctional DNA glycosylase capable of

excising Tg from DNA, thus initiating a base excision repair pathway for restoring Tg to a normal

T base. The genomes of bacteria, archaea, and eukaryotes possess the gene encoding Endolll. The

available studies mainly focus on the Endolll in bacteria and eukaryotes while rarely concern archaeal

Endolll. We reviewed the research progress on the Endolll in hyperthermophilic archaea and proposed

the future research directions in this field.
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Damaged pyrimidine bases excised by Endolll (A) and its catalytic mechanism (B).
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Figure 2 Alignment of amino acid sequences of bacterial, eukaryotic and archaeal Endolll proteins. * and
A represent the mutational sites of Tko-Endolll and Sis-Endolll. Dra2: Deinococcus radiodurans (AAF09870);

Eco: Escherichia coli (TH174517); Gst: Geobacillus stearothermophilus (KYD34886); Hsa: Homo sapiens
(AAB41534); Ath: Arabidopsis thaliana (CAC16135); Sis: Sulfolobus islandicus (WP_014514102); Pae:

Pyrobaculum aerophilum (AAF37269); Tko: Thermococcus kodakarensis (BAD85330).
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3 EndoIRGAEN (B TREHRE, ZRAZLXEMNEEBITE. AENEZEY)
Figure 3 Phylogenetic analyses of Endolll. Only partial bacteria, archaea, and eukarya are included in the
phylogenetic tree due to the space limit. Aae: Aquifex aeolicus (AAC06594); Afu: Archaeoglobus fulgidus
(KUKO06154); Ape: Aeropyrum pernix (BAA7T9061); Ath: A. thaliana (CAC16135); Cel: Caenorhabditis
elegans (P54137); Cje: Campylobacter jejuni (ALK81184); Dral: D. radiodurans R1 (AAF11977); Dra2:
D. radiodurans (AAF09870); Dra3: D. radiodurans R1 (AAF10559); Eco: E. coli (THI74517); Gst:
G. stearothermophilus (KYD34886); Hin: Haemophilus influenzae (P44319); Hsa: H. sapiens (AAB41534);
Mja: Methanococcus jannaschii (AAB98606); Mmu: Mus musculus (BAA22080); Mth: Methanobacterium
thermoautotrophicum (AAB85267); Nme: Neisseria meningitidis MC58 (AAF40962); Pab: Pyrobaculum
abyssi (A75109); Pael: Pseudomonas aeruginosa (AAGO06883); Pae2: P. aerophilum (AAF37269); Pho:
Pyrococcus horikoshii (WP_010885578); Scel: Saccharomyces cerevisiae (GFP64588); Sce2: S. cerevisiae
(GFP69027); Sis: S. islandicus (WP_014514102); Spo: Schizosaccharomyces pombe (CAA91893); Sso:
Sulfolobus solfataricus (CAA69576); Tko: T. kodakarensis (BAD85330); Tma: Thermotoga maritima
(Q9WYKO); Tna: Thermotoga naphthophila (KUK22165); Tth: Thermus thermophilus (BAW01624); Vch:
Vibrio cholerae (AAF94172); Xfa: Xylella fastidiosa (AAF83457).
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7.0-8.0, TEAHFE_MNMERETHIFRMET, &
B LA R MG, INAF7E Mg™ 8l Ca”'iif,
M H A S AR 0 U0 #) S % . Sis-Endo 1 5
Pae-EndolIT H-A #H [F] 1) Feidl s W IR BE . $da e
P, AR ER VR X T BTG PR R AN R (3 1)

HHAME B EndollIZEM, % B HA
AP ARG M:, - HAE NaBH, 776 FREME
5§ Tg-dsDNA JE i Schiff Bk RIIAL A58, 5
A, FATIXT Sis-EndollI V%] Tg-dsDNA 47 T
S 12T, M T A B M A T R AR
50-70 °C 1#| Tg-dsDNA 1) b j# %, Fik—
A b B T EEIER DNA Hh Tg By BRI B
M fiE(39.7+4.2 keu/mol),

HAEr, Humig At B Endolll S AR 25 #4 1
KAFRN @ R T B Sis-Endolll Y 254 5

Comparison of biochemical characteristics of Sis-Endolll and Pae-Endolll

Optimal
EndollI prma Thermostability

temp./°C

Optimal pH

Divalent ion
NaCl effect

] References
requirement

Sis-Endolll 70
heated at 80 °C for 20 min
Retaining activity after N.D.
heated at 80 °C for 20 min

Pae-Endolll 60-70

Retaining 16% activity after 6.0—8.0

Mg** or Ca®* Retaining 40% activity at [47]
400 mmol/L NaCl

Optimal activity at [37]
80—-160 mmol/L NaCl

optimal
Independent

N.D.: not determined.
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REM LR, FATHIAH SWISS MODEL ¥ i
(https://swissmodel.expasy.org) %t iZ i 17 T [A]
VR (B 4), FRfEIEIERE E, % HhH-GPD 4%
el A0 2 LR AR L F127. K133, D151, R156
il R160 #EAT T RAE, HE TiZM F127L.
K133A. DI51A., RI56A. R160 #l D50A 5758
. PIE| g ek LA, KI133A Al DIS1A A8
AR R AR 55 A0 76 P, T F1270 A1 R160L 58748
PR ELAG B 2R RV AT 1 L (R B DSOA FTR156A
GEAS AR ELAG O WP A AL RS M, AT 6
K133 fil D151 /& 11 57 % Hi V) Bk DNA Hf Tg i 1
T B RR R AL, D50 Fl R156 &5 5i%EH)
Bk DNA #1119 Tg.

HF Tko-Endolll 28 A8 43 M 19 45 S Ik A]
SEUG E B IE A5 L, AT LARL 2 A e R I B
EndollIf& <7 2 LR R SL DI RE 4N R : K133
(K140) il D151 (D158)%1 57 DNA M B 15 1
H153 (H160)i1 5] Tg #1255 454 DNA, S45 (S57)

HhH-GPD motif

Fe-S cluster loop

K133 (K140) and D151 (D158): glycosylase activity

H153 (H160): Tg recognition and DNA interaction

S45 (S57) and D50 (D62): AP lyase activity

G129 (G136), C201 (C208) and C208 (C215): DNA interaction

El 4 Sis-Endolll 8 [E iR 2 1E 454

Figure 4 Homologous structural model of Sis-
Endolll. HhH-GPD motif and Fe-S cluster loop are
colored with cyan and pink, respectively. Amino
acid residues are shown with sticks, among which
amino acid residues in Tko-Endolll are shown in
parentheses.
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il D50 (D62)fi 5& AP A WFIEME, G129
(G136). C201 (C208)F1 C208 (C215)= 5454
DNA (Kl 4)

4 REMRE

Endolll) VZAFLE T AR . ol B R ELAZ AR
o, %S A ST HhH S5 B FCL, H
A (BB H DNA BB A AP-Z4 A 1 2 Fhig ik,
REME VIR DNA FRAg Tg Ko Ho A i it s n s
Bt 5 HABSA IR EndolIIA ], #% i g HA Tty 1
Endolll B8 % 7€ = i 25 14 T VI Bk DNA Hi Tg,
M e G SE R 2 Tg MR R . S oh, Wmig
A Endolll Fb HAth EndolllH A5 5 5 (1 i
Pk,

HAr, WomfE 0t 7 Endolll S &4 Tg MY
DNA JE 5 G W S AR G5 48 1 AR AT B A by o X
e R P T Endolll 5 DNA JE R & ) b ik
SERRAT, IR E AR, PP
LA AR LR DL R AT 5 L i BT ) R R i A5 14
T YUIER DNA H Tg 9 40FHL, AT e B L 4%
WS IRERIC R, HIRIEAF IR ABFER Iy ) .

UG R SMNIF 98 B 2 UE 52 T W) s g Bty oA
EndollIREMZ UIB% DNA H11) Tg, Mi/n#HHAERE
52 DNA ittt Tg rhE EE M, (H
EEEBEAMMANS 5B EILFY DNA HiH
Tg, HEIMAER . DIBLiRlE R4 R e %
AR it g P B ORISR X 42, HbAn S. islandicus
REY15A Hil T. kodakarensis, 54wt Endolll
R, R AR PSS TR AR, AR5 DAY AR TR
BRI RR A X IR, R AR SR R 2 1 Dt e A 1A
BRI AE RO . ARTEAS S, M8 7 A it
Mg EndollT 40 ML N By Zhfe, 24 5 pFoEim
HET M Z—,

H A, X F 4% v 08 #4t R EndollTPIBR DNA
W Tg =AU 1H BB 0 R A E o R i i
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