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Thermococcus kodakaraensis
DNA RNA
RNA in vitro
in vitro DNA

Transcription (RNA synthesis from DNA) and translation (Protein synthesis
from RNA) are ubiquitous systems in all living organisms. An in vitro transcription system and an in
vitro translation system were developed using stable cell components of a hyperthermophilic
archaeon,Thermococcus kodakaraensis. A system for in vitro transcription and translation-coupled
reactions was also constructed which enabled in vitro protein production from a DNA template.
Furthermore, production of proteins from an operon, a cluster of genes transcribed as a single
transcriptional unit, was also achieved.

2005 19,000,000 0 19,000,000
2006 19,000,000 0 19,000,000
2007 19,000,000 0 19,000,000
2008 19,000,000 0 19,000,000
2009 15,200,000 0 15,200,000
91,200,000 0 91,200,000
455
in vitro in vitro
Thermococcus

kodakaraensis

2.09 Mb



in vitro
in vitro
T.
kodakaraensis
(ChiAA4) in vitro
in vitro
Operon
in vitro
in vitro
T. kodakaraensis in vitro
S30
T. kodakaraensis
Green fluorescent protein (GFP)
GFP 50°C
GFP Cycle3
GFP

T. kodakaraensis

codon usage

T. kodakaraensis TrpE  TrpG
TrpE  TrpG
trpEG  TrpE
TrpG
AS
trpEG mRNA
trpE S30
in vitro

1,2-dioleoyl-sn-glycero-3-phosphatidylcholine
(DOPC) T. kodakaraensis

in

vitro

GFP
T. kodakaraensis in
vitro in vitro
in vitro
mRNA
DNA

RNA polymerase (RNAP) TATA-box
binding protein (TBP) Transcription factor B

(TFB) TBP
(TK0132) TFB (TK1280)
RNAP T.
kodakaraensis
RNAP L C
DNA (His)¢-tag
KUWL
RNAP
DNA
T. kodakaraensis
glutamate dehydrogenase (gdh)
ChiAA4 gdh
DNA
in vitro
S30
S30
S30
Mg®* K" NH*  phosphoenolpyruvate

PEG8000 amino acid mixture

lépg/mL 3mM 250mM

75mM  10mM 2% 3mM(each)

140
Z i

1 T N
) r 3 T
= wof—F
= /
8§ sl F I
@ { : t
2 ol |
E ¥ =+—Baich No,1
E‘ wf| Baich No.4
2 wff —=~Baich No &
¥ - !
O o

a 30 60 a0
G B il Cmind
In vitro



20

(TK2291)
$30
13

65°C
15 100pg/mL
115.4pg/mL
Batch No. 6
T. kodakaraensis
GFP

in vitro

GFP

S30

1) 2)mRNA

(HSP60)
T. kodakaraensis

mRNA
3 b

GFP
30%

100

GFP

50%

strar | INECIETEE
errars | I T

'

Star-loop

o - 1L hesbierc

-

GFF cone. [kgimL)
B
=i,
____\.;,;

s

T. kodakaraensis in vitro

TrpE TrpG

AS

pTRGY pTROZ-FL

GFF I -—--

pTRGY pTRGIEL

trpEG

TrpE

HIRA IOy b
HiHis tagfiifk | $HiHA taghith

ol ~

49.3kDa m
-
22.2kDa
trpEG
T. kodakaraensis in vitro
GFP
T. kodakaraensis
-mRNA + mRNA

TrpG

GFP

GFP

vitro
RNAP TBP TFB
(pH8.0), Mg*", K', DTT, NTP

Tris-

85 mRNA
in vitro
DNA
80 20 min
S30 buffer
65
RNAP

DNA



ChiAA4
T. kodakaraensis in vitro in vitro
one tube DNA

in vitro

35 ug/mi

40 80 120 160 200
RNA polymerasef il (nM)

[FE I -9
o o

—
=

Chiard & rER (ug/mi)
g ]
[ = (]

In vitro

S30 DNA

T. Kanai, S. Takedomi, S. Fujiwara, H. Atomi,
T. Imanaka “Identification of the Phr-dependent
heat shock regulon in the hyperthermophilic
archacon, Thermococcus kodakaraensis” J.
Biochem. 147(3) 361-370 (2010)

N. Borges, R. Matsumi, T. Imanaka, H. Atomi,
H. Santos “Thermococcus kodakaraensis mutants
deficient in di-myo-inositol phosphate use
aspartate to cope with heat stress””J. Bacteriol.
192(1), 191-197 (2010)

K. Yamaji, T. Kanai, S.M. Nomura, K.
Akiyoshi, M. Negishi, Y. Chen, H. Atomi, K.
Yoshikawa, T. Imanaka , ““Protein synthesis in
giant liposomes using the in vitro translation
system of Thermococcus kodakaraensis””IEEE
Trans. NanoBioscience 8(4), 325-331 (2009)

Y. Yamada, W. Fukuda, K. Hirooka, T.
Hiromoto, J. Nakayama, T. Imanaka, E. Fukusaki,
S. Fujiwara ““Efficient in vitro synthesis of
cis-polyisoprenes  using a  thermostable
cis-prenyltransferase from a hyperthermophilic

archaeon Thermococcus kodakaraensis ”” J.
Biotechnol. 143(2), 151-156 (2009)
Q. Bashir, N. Rashid, F. Jamil, T. Imanaka, M.

Akhtar “ Highly thermostable
L-threoninedehydrogenase from the
hyperthermophilic ~ archaecon ~ Thermococcus
kodakaraensis,””J. Biochem. 146(1), 95-102
(2009)

Y. Matsuno, A. Sugai, H. Higashibata , W.
Fukuda, K. Ueda, 1. Uda, I. Sato, T. Itoh, T.
Imanaka, S. Fujiwara "Effect of growth

temperature and growth phase on lipid
composition of archaecal membrane from
Thermococcus kodakaraensis" Biosci.

Biotechnol. Biochem. 73(1), 104-108 (2009)

S. Fujiwara, R. Aki, M. Yoshida, H.
Higashibata, T. Imanaka, W. Fukuda "Expression
profiles and physiological roles of two types of

molecular chaperonins from the
hyperthermophilic ~ archaecon, = Thermococcus
kodakaraensis" Appl. Environ. Microbiol.,

74(23), 7306-7312 (2008)

A. Hirata, T. Kanai, T. J. Santangelo, M. Tajiri,
K. Manabe, J. N. Reeve, T. Imanaka, K. S.
Murakami "Archaeal RNA polymerase subunits
E and F are not required for transcription in vitro,
but a Thermococcus kodakaraensis mutant
lacking subunit F is temperature-senseitive" Mol.
Microbiol., 70(3), 623-633 (2008)

A. Danno, W. Fukuda, M. Yoshida, R. Aki, T.
Tanaka, T. Kanai,T. Imanaka, S. Fujiwara
"Expression profiles and physiological roles of
two types of prefoldins from  the

hyperthermophilic ~ archaecon ~ Thermococcus
kodakaraensis" J. Mol. Biol., 382(2), 298-31
(2008)

W. Fukuda, N. Morimoto, T. Imanaka, S.
Fujiwara "Agmatine is essential for the cell
growth of Thermococcus kodakaraensis" FEMS
Microbiol. Lett., 287(1), 113-120 (2008)

R. Tizuka, Y. Sugano, N. Ide, A. Ohtaki, T.
Yoshida, S. Fujiwara, T. Imanaka, and M. Yohda
"Functional characterization of recombinant
prefoldin complexes from a hyperthermophilic
archaeon, Thermococcus sp. strain KS-1" J. Mol.
Biol., 377(3), 972-983 (2008)

T. Santangelo, L. Cubonova, R. Matsumi, H.
Atomi, T. Imanaka, and J.N. Reeve, "Polarity in
archaealoperon transcription in Thermococcus
kodakaraensis" J. Bacteriol., 190(6), 2244-2248
(2008)

T. Endoh, T. Kanai, and T. Imanaka "Effective
approaches for the production of heterologous
proteins using the Thermococcus
kodakaraensis-based translation system" J.



Biotechnol., 133(2), 177-182 (2008)

T. Kanai, J. Akerboom, S. Takedomi, H.J.G.
van de Werken, F. Blombach, J. van derOost, T.
Murakami, H. Atomi, and T. Imanaka, "A global
transcriptional ~ regulator in  Thermococcus
kodakaraensis controls the expression levels of
both glycolytic and gluconeogenic
enzyme-encoding genes" J. Biol. Chem., 282(46),
33659-33670 (2007)

T. Arai, S. Watanabe, R. Matsumi, H. Atomi,T.
Imanaka, and K. Miki "Crystallization and
preliminary X-ray crystallographic study of
[NiFe]-hydrogenase maturation factor HypE
from Thermococcus kodakaraensis KODI1"
ActaCrystallogrhaph. Sect. F., 63(Pt 9), 765-767
(2007)

K. Shikata, T. Fukui, H. Atomi, and T.
Imanaka "A novel ADP-forming
succinyl-CoAsynthetase ~ in ~ Thermococcus
kodakaraensis structurally related to the archaeal
NDP-forming acetyl-CoAsynthetases" J. Biol.
Chem., 282(37), 26963-26970 (2007)

E. Fukushima, Y. Shinka, T. Fukui, H. Atomi,
and T. Imanaka, "Methioninesulfoxidereductase
from the hyperthermophilic archaeon
Thermococcus  kodakaraensis, an enzyme
designed to function at sub-optimal growth
temperatures”" J. Bacteriol., 189(19), 7134-7144
(2007)

T. Endoh, T. Kanai, and T. Imanaka "A highly
productive system for cell-free protein synthesis
using a lysate of the hyperthermophilic archaeon,
Thermococcus kodakaraensis" Appl. Microbiol.
Biotechnol., 74(5), 1153-1161 (2007)

H. Imanaka, A. Yamatsu, T. Fukui, H. Atomi,
and T. Imanaka "Phosphoenolpyruvatesynthase
plays an essential role for glycolysis in the
modified Embden-Meyerhof  pathway in
Thermococcus kodakarensis" Mol. Microbiol.,
61(4), 898-909 (2006)

T. Murakami, T. Kanai, H. Takata, T. Kuriki,
and T. Imanaka "A novel branching enzyme of
the GH-57 family in the hyperthermophilic
archaeon, Thermococcus kodakaraensis KOD1"
J. Bacteriol., 188(16), 5915-5924 (2006)

1. Orita, T. Sato, H. Yurimoto, N. Kato, H.
Atomi, T. Imanaka, and Y. Sakai "The
ribulosemonophosphate pathway substitutes for
the missing pentose phosphate pathway in the
archaeon Thermococcus kodakaraensis" J.
Bacteriol., 188(13), 4698-4706 (2006)

H. Matsumura, H. Takahashi, T. Inoue, T.
Yamamoto, H. Hashimoto, M. Nishioka, S.
Fujiwara, M. Takagi, T. Imanaka, and Y. Kai
"Crystal structure of intein homing endonuclease
I encoded in DNA polymerase gene from

hyperthermophilic ~ archaecon ~ Thermococcus

kodakaraensis strain KODI" Proteins, 63(3),
711-715 (2006)

R. Matsumi, H. Atomi, and T. Imanaka
"Biochemical properties of a putative signal
peptide peptidase from the hyperthermophilic
archaeon Thermococcus kodakaraensis KOD1" J.
Bacteriol. 187(20), 7072-7080 (2005)

T. Akiba, N. Ishii, N. Rashid, M. Morikawa, T.
Imanaka, and K. Harata "Structure of
RadBrecombinase from a hyperthermophilic
archaeon, Thermococcus kodakaraensis KODI:
An implication for the formation of a
near-seven-fold helical assembly" Nucleic Acids
Res., 33(10), 3412-3423 (2005)

M. A. Siddiqui, A. Yamanaka, K. Hirooka, T.
Bamaba, A. Kobayashi, T. Imanaka, E. Fukusaki,
and S. Fujiwara "Enzymatic and structural

characterization of type I
isopentenyldiphosphateisomerase from
hyperthermophilic ~ archaecon ~ Thermococcus

kodakaraensis"  Biochem. Biophys. Res.
Commun., 331(4), 1127-1136 (2005)

T. Sato, T. Fukui, H. Atomi, and T. Imanaka
"Improved and versatile transformation system
allowing multiple genetic manipulations of the
hyperthermophilic ~ archaecon ~ Thermococcus
kodakaraensis" Appl. Environ. Microbiol., 71(7),
3889-3899 (2005)

T. Fukui, H. Atomi, T. Kanai, R. Matsumi, S.
Fujiwara, and T. Imanaka "Complete genome
sequence of the hyperthermophilic archacon
Thermococcus  kodakaraensis KODI  and
comparison with Pyrococcus genomes" Genome
Res., 15(3) , 352-363 (2005)

W. Fukuda, Y. S. Ismail, T. Fukui, H. Atomi,

and T. Imanaka "Characterization of an
archaealmalic enzyme from the
hyperthermophilic ~ archaecon ~ Thermococcus
kodakaraensis KODI1" Archaea, 1(5), 293-301
(2005)

T. Kanai, H. Imanaka, A. Nakajima, K.

Uwamori, Y. Omori, T. Fukui, H. Atomi, and T.
Imanaka "Continuous hydrogen production by
the hyperthermophilic archaeon, Thermococcus
kodakaraensis KOD1" J. Biotechnol., 116(3),
271-282 (2005)

2010
2010 3 29

Cell-free
protein synthesis at high temperatures using the
lysate of a hyperthermophile PepCon




2010 2000 3 22

GFP synthesis

in giant liposomes using the in vitro translation

system of Thermococcus kodakaraensis
MHS2009 2009 11 10

Thermococcus kodakaraensis

in vitro
2009 10 28
2009 3 16
Cell-free
expression of operon genes at high
temperature MHS2008
2008 11 7
Cell-free
synthesis of GFP wunder high temperature
conditions MHS2007
2007 11 12
Cell-free

protein synthesis at high temperature using a
lysate of a hyperthermophile
MHS2006 2006 11 6

2006 9 28

Cell-free
protein synthesis at high temperature using a
lysate of Thermococcus kodakaraensis
Extremophiles2006 2006
9 20 Brest France
Complete
genome analysis and development of gene
disruption technology in the hyperthermophilic
archaeon, Thermococcus kodakaraensis
MHS 2005 2005 11 9

2006 99

2005-112899
2005 4 8

http://www.ritsumei.ac.jp/lifescience/skbiot/iman
aka/HPtop.html

o
IMANAKA TADAYUKI

30029219

@
KANAI TAMOTSU

10346083

YOSHIKAWA YUKO

80291871



