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The genomic thermostability of hyperthermophilic archaea

SHENG Duo-Hong
(State Key Laboratory of Microbial Technology, Shandong University, Jinan 250100, China)

Abstract: Hyperthermophilic archaea is adapted to live at temperatures higher than 80°C. Their thermotolerance
has become a research hotspot. Previous publications on the archaeal heat-resistant mechanism primarily focused on
protein, and rarely on the genomic thermostability. Here, we reviewed the research progress on the genomic stability
and DNA damage response of hyperthermophilic Archaea, and hoped to be helpful to better understand the archaeal
thermostability.
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EAMINEE b, LA DhREHEAL /34T 5 (3) K
&SRR HLE] 7381, JUILJE DNA #4175
S5 P 4% B I AL T HEDI B B 5 (4) AHEAR I £ B
S HT AR IE Bt IR R AL RS e AL XF ik DNA f#
PR LRI, BT BT T g ol g 2
RN IN I 8 B 7S o ) D buid e et i)
B, U IR e A R A R A R ) SR A )
DNA Fifiits kR, W% DNA B K
AR

(& % x Wkl

[1] van Wolferen M, Ajon M, Driessen AJ, et al. How
hyperthermophiles adapt to change their lives: DNA
exchange in extreme conditions. Extremophiles, 2013,
17(4): 545-63

[2] Takai K, Nakamura K, Toki T, et al. Cell proliferation at
122°C and isotopically heavy CH4 production by a
hyperthermophilic methanogen under high-pressure
cultivation". Proc Natl Acad Sci USA, 2008, 105(31):
10949-51

[3] Imanaka T. Molecular bases of thermophily in hyperther-
mophiles. Proc Jpn Acad Ser B: Phys Biol Sci, 2011,
87(9): 587-602

[4] Grogan DW. The questions of DNA repair in hyperther-
mophilic archaea. Trends Microbiol, 2000, 8(4): 180-5

[5] Marguet E, Forterre P. DNA stability at temperatures
typical for hyperthermophiles. Nucleic Acids Res, 1994,
22:1681-6

[6] Forterre P, Bergerat A, Lopez-Garcia P. The unique DNA



70

26k

[10]

[11]

[12]

[13]

[17]

(18]

(22]

(23]

topology and DNA topoisomerases of hyperthermophilic
archaeca. FEMS Microbiol Rev, 1996, 18: 237-48

Atomi H, Matsumi R, Imanaka T. Reverse gyrase is not a
prerequisite for hyperthermophilic life. J Bacteriol, 2004,
186(14): 4829-33

Garnier F, Nadal M. Transcriptional analysis of the two
reverse gyrase encoding genes of Sulfolobus solfataricus
P2 in relation to the growth phases and temperature
conditions. Extremophiles, 2008, 12(6): 799-809

Bizard A, Garnier F, Nadal M. TopR2, the second reverse
gyrase of Sulfolobus solfataricus, exhibits unusual
properties. J Mol Biol, 2011, 408(5): 839-49

Kampmann M, Stock D. Reverse gyrase has heat-
protective DNA chaperone activity independent of
supercoiling. Nucleic Acids Res, 2004, 32: 3537-45
Napoli A, Valenti A, Salerno V, et al. Reverse gyrase
recruitment to DNA after UV irradiation in Sulfolobus
solfataricus. J Biol Chem, 2004, 279: 33192-8

Valenti A, Perugino G, Nohmi T, et al. Inhibition of
translesion DNA polymerase by archaeal reverse gyrase.
Nucleic Acids Res, 2009, 37: 4287-95

Luijsterburg MS, White MF, Driel R, et al. The major
architects of chromatin: architectural proteins in bacteria,
archaea and eukaryotes. Crit Rev Biochem Mol Biol,
2008, 43: 393-418

Ammar R, Torti D, Tsui K, et al. Chromatin is an ancient
innovation conserved between Archaea and Eukarya.
Elife, 2012, 1: 00078

Zhang Z, Guo L, Huang L. Archaeal chromatin proteins.
Sci China Life Sci, 2012, 55(5): 377-85

Sandman K, Reeve JN. Archaeal chromatin proteins:
different structures but common function? Curr Opin
Microbiol, 2005, 8: 656-61

Driessen RP, Dame RT. Structure and dynamics of the
crenarchaeal nucleoid. Biochem Soc Trans, 2013, 41(1):
321-5

Tanaka T, Padavattan S, Kumarevel T. Crystal structure of
archaeal chromatin protein Alba2-double-stranded DNA
complex from Aeropyrum pernix K1. J Biol Chem, 2012,
287(13): 10394-402

Bell SD, Botting CH, Wardleworth BN, et al. The
interaction of Alba, a conserved archaeal chromatin
protein, with Sir2 and its regulation by acetylation.
Science, 2002, 296: 148-51

Xuan J, Feng Y. The archaeal Sac10b protein family:
conserved proteins with divergent functions. Curr Protein
Pept Sci, 2012, 13(3): 258-66

Kahsai MA, Vogler B, Clark AT, et al. Solution structure,
stability, and flexibility of Ssol0Oa: a hyperthermophile
coiled-coil DNA-binding protein. Biochemistry, 2005, 44:
2822-32

Napoli A, Zivanovic Y, Bocs C, et al. DNA bending,
compaction and negative supercoiling by the architectural
protein Sso7d of Sulfolobus solfataricus. Nucleic Acids
Res, 2002, 30: 2656-62

Guo L, Feng Y, Zhang Z, et al. Biochemical and structural
characterization of Cren7, a novel chromatin protein

(32]

[33]

[34]

[35]

[36]

conserved among Crenarchaea. Nucleic Acids Res, 2008,
36: 1129-37

Zhang Z, Gong Y, Guo L, et al. Structural insights into the
interaction of the crenarchaeal chromatin protein Cren7
with DNA. Mol Microbiol, 2010, 76: 749-59

Waurtzel O, Sapra R, Chen F, et al. A single-base resolution
map of an archaeal transcriptome. Genome Res, 2010, 20:
133-41

Friedman M, Oshima T. Polyamines of sulfur dependent
archaebacteria and their role in protein synthesis. J
Biochem, 1989, 105: 1030-3

Grogan DW. Stability and repair of DNA in hyperther-
mophilic archaea. Curr Issues Mol Biol, 2004, 6: 137-44
Kelman Z, White MF. Archaeal DNA replication and
repair. Curr Opin Microbiol, 2005, 8(6): 669-76
Vijayvargia R, Biswas I. MutS2 family protein from
Pyrococcus furiosus. Curr Microbiol, 2002, 44(3): 224-8
Kim TG, Heo SD, Ku JK, et al. Functional properties of
the thermostable mutL from Thermotoga maritima. BMB
Rep, 2009, 42(1): 53-8

Lin Z, Nei M, Ma H. The origins and early evolution of
DNA mismatch repair genes—multiple horizontal gene
transfers and co-evolution. Nucleic Acids Res, 2007,
35(22): 7591-603

Ordinario EC, Yabuki M, Handa P, et al. RADS51 paralogs
promote homology directed repair at diversifying
immunoglobulin. BMC Mol Biol, 2009, 10: 98

Haldenby S, White MF, Allers T. RecA family proteins in
archaea: RadA and its cousins. Biochem Soc Trans, 2009,
37(Pt 1): 102-7

Komori K, Miyata T, DiRuggiero J, et al. Both RadA and
RadB are involved in homologous recombination in
Pyrococcus furiosus. J Biol Chem, 2000, 275(43): 33782-
90

Sheng D, Zhu S, Wei T, et al. The in vitro activity of a
Rad55 homologue from Sulfolobus tokodaii, a candidate
mediator in RadA-catalyzed homologous recombination.
Extremophiles, 2008, 12(1): 147-57

Sandler SJ, Satin LH, Samra HS, et al. rec4-like genes
from three archaean species with putative protein products
similar to Rad51 and Dmc1 proteins of the yeast
Saccharomyces cerevisiae. Nucleic Acids Res, 1996,
24(11): 2125-32

BEZ AL, ORI, e, 55 BIE OGS TE Sulfolobus
tokodaii Rad A [ 1) 58 [ 415 ARG vl 5 1. Gl
P24, 2008, 48(3): 317-22

Salerno V, Napoli A, White MF, et al. Transcriptional
response to DNA damage in the archaeon Sulfolobus
solfataricus. Nucleic Acids Res, 2003, 31(21): 6127-38
Strand KR, Sun C, Li T, et al. Oxidative stress protection
and the repair response to hydrogen peroxide in the
hyperthermophilic archaeon Pyrococcus furiosus and in
related species. Arch Microbiol, 2010, 192(6): 447-59
Suter B, Graham C, Stagljar I. Exploring protein
phosphorylation in response to DNA damage using
differentially tagged yeast arrays. Biotechniques, 2008,
45(5): 581-4



LT HENE G AL I AR 71

[41]

[43]

[47]

Dai Y, Grant S. New insights into checkpoint kinase 1
(Chkl) in the DNA damage response (DDR) signaling
network: Rationale for employing Chkl inhibitors in
cancer therapeutics. Clin Cancer Res, 2010, 16(2): 376-83
Blackwood JK, Rzechorzek NJ, Abrams AS, et al.
Robinson. Structural and functional insights into DNA-
end processing by the archaeal HerA helicase—NurA
nuclease complex. Nucleic Acids Res, 2012, 40(7): 3183-
96

Williams E, Lowe TM, Savas J, et al. Microarray analysis
of the hyperthermophilic archaeon Pyrococcus furiosus
exposed to gamma irradiation. Extremophiles, 2007, 11:
19-29

Gotz D, Paytubi S, Munro S, et al. Responses of hyperther-
mophilic crenarchaea to UV irradiation. Genome Biol,
2007, 8(10): R220

Kerr ID, Wadsworth RI, Cubeddu L, et al. Insights into
ssDNA recognition by the OB fold from a structural and
thermodynamic study of Sulfolobus SSB protein. EMBO J,
2003, 22(11): 2561-70

Komori K, Ishino Y. replication protein A in pyrococcus
furiosus is involved in homologous DNA recombination. J
Biol Chem, 2001, 276(28): 25654-60

Cubeddu L, White MF. DNA damage detection by an

[50]

[51]

[52]

(53]

[54]

archaeal single-stranded DNA-binding protein. J Mol
Biol, 2005, 353(3): 507-16

Esser D, Siebers B. Atypical protein kinases of the RIO
family in archaea. Biochem Soc Trans, 2013, 41(1): 399-
404

Tahara M, Ohsawa A, Saito S, et al. In vitro phosphoryla-
tion of initiation factor 2 alpha (alF2a) from hyperther-
mophilic archaeon Pyrococcus horikoshii OT3. J
Biochem: Tokyo, 2004, 135: 479-85

Facciotti MT, Reiss DJ, Pan M, et al. General transcription
factor specified global gene regulation in archaea. Proc
Natl Acad Sci USA, 2007, 104(11): 4630-5

Jolivet E, Matsunaga F, Ishino Y, et al. Physiological
responses of the hyperthermophilic archaecon "Pyrococcus
abyssi" to DNA damage caused by ionizing radiation. J
Bacteriol, 2003, 185(13): 3958-61

Goldstein RA. The evolution and evolutionary consequences
of marginal thermostability in proteins. Proteins, 2011,
79(5): 1396-407

Bennett AF, Dao KM, Lenski RE. Rapid evolution in
response to high-temperature selection. Nature, 1990,
346(6279): 79-81

Sniegowski P. Evolution: constantly avoiding mutation.
Curr Biol, 2001, 11(22): R929-31



