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polymerase, methionyl aminopeptidase, prolyl oligopeptidase(POP) &AE IHde=
ORFES AWstal A4 vug A8k PCR BHos fxxE A1 gigde] &
d wEd FRYsArt 2dE Axy edass 2Esta 449 g4S AR
AL, 5o, dAAA T2 Hlustith ada FHAe ARE E487] A 3
A7 EmE oz Mg ke 39 T T kodakaraensis KOD19] A xpel njal

EEE L EEA

o

- &= XA, Sterechinus neumayerix= 12SrDNA-tRNA(gln)¥} COI 4 =9
A7NAEE o8& BEAAT XA v 5o Loxechinus albus 8 A% & &%
el Al w3tE Aor =yt FE3 AV o 24w vbdo] A 374w g Ao
2 FAEAJT. o] A FHATE wjop Aol A EAE o] oF 100017 2] ESTs7F
gy, Frd  FH12A  Fo|E  epoxide hydrolase, caspase, catalase,
phenylpyruvate tautomerase, MAGO-NASH protein, antibacterial peptide % &
AA7E vhg 2E o] glo] AbdA @& Aol A ddET B8 A Fele F
S 7YX A, Strongylocentrotus droebachiensis’t W7go] o] 1 FAA S HHF
A7 2AEHAY. ES7HAEAE Sevel dAtel AAste AAGA S} sH o
2 7 7h9-m <k 400%H-1000%Fd Aol FEZRAFCNA 2aEAH /A A #7
A= A&7 oA WEE= B oF 200007 EAFEAT. o] FolE lipase,

beta—glucan endohyrolase, phospholipase, carbonic anhydrase I, Kketol-acid

=
=
5
2}

reductoiso- merase, DNase I, acetylcholine esterase & U9 A v o] ¥ 3y
o] ot B Ao BAHE IFx 2o dZo MAEE AAEF Cryptopygus
antarcticus=Z* ©] &9 WEZEgol AL} dHEFHAAIE AFEHAG. v EA S
Z °F 15kbe] A7IAE F 13kb7F @AZA @l g ow, ol EAR & EAAE
Bl A C. antarcticus= Folsomia candia, Folsomia bisetosa 53 F 3% 7

AZF At Aoz 2wt o] A 23N wds= FAA7F F 20009 7 =

rlo

BEon o FHA HEZo= delta-9 desaturase, mannosidase, endo-glucanase,
trypsin, delta-5 desaturase, laminarinase 52 &AwwWd {A22} interneukin-4,
neuropeptide-like protein, lipocalin 5©°] ¥ & Ht} o] &5 AEANAH, ogid s &

|40l =5 Aom oA

o
=,
3
D
J
>~
o
ol

o
Y
B
B
K
0
i
2
Am

031

= el
S ¥3¢sle o Oj|oﬂ}\<] 3N (Mspl, Alul 2 Hsp92T) thdA S At Mspl th
YL 22350 97 C7F GE transversiono] F o] Ao =] ¢ki= dejo] FAAE o)
A8t oH, 271e] E FAA & 3700 FAAE S &AL, FARF ] W=
7b Ak groll FElg AolE RATE oAl A 2 AR kA Fwel A Alul vt
Ae A% A, 339 drIASe R Q1% 5/ dERHAAHA, B, C, D, % E) % 12
Al AR Nkl lo] FHezgte] FElg AolE yetllow, 1,727H 4717 A-G,
2,319 A717F C—>T zZgla 23620 A717F T>CE E5F transitiono] o defol

£ HolA 5/ dHFAAIE BALAAL, 12709 FHAPG o] EA = 715 gelst
At

- o Fe VA FEA B ofRFe 4% B4 Ve FHAE g At 6
Me=s 2 18/MEs B8 285245 AE3te] subtracted ¢cDNA library #1238t} 6
NL#E6EM-18M) 2 18/ML = (A8M-6M) Eo|&<Ql ¢DNA librarys T3t
6M-18M % 18M-6M subtracted cDNA libraryE screening &} 6719 2 1871¥#
2 Z2&5xAHqA Bolyor Wiy E Aow FAHE 202719 cDNA clones 1
stAth Eeo] T A(6-18-30-4271 9 )l wE LALFLS FAFEFA T Subtracted
cDNA library 26 A@gk 49719 ¢DNA clone 5 Z#@ & %}o]7} 3¢ cloned] 2d
4’4S semi-quantitation®. 2 M WA - A} dot blot analysisZ 13 W A

d79} o clone® EAEA T RT-PCR #4104 dd@do] Sawl fdxtdd dis|A
northern hybridization & & & kA& Xﬁﬁlo t A7, RT-PCR £44 3¢t a4 th2X
rokth. 3 ACP-based GeneFishing™ PCR ®W o & Arbitrary ACP 100712
screeningd}e] 671€9% 5o]x < DEG 22719 187128 So]# <l 43719 DEGE 13}
Atk 2 DEGS @714 ES E4e A%, gezl fFd2= 2534 ddE Aol



671LE 3 18

[e]

~

o]9lt}. DEG60

=
=

o
= Az

ok
5

o] ¥rs A

=]

I} o]

[s)

i

7]

3 B
LI
g Mow —
S X X N
2 BE REE R A
~ o T = < o B NIl
S T T T Bk KoM=
S R ® W R W
. - B =
S o v ~3 ° X @) — R !
SRR < 212 2 oﬁuyﬂﬁnl
Q K o oF Lu»t mw DDu 5 M TR ,ﬂWM = X & M__u o
x ® F o = H ™\ = B .
fEEE TEEaE AEES LN >
g ~ o T < =y s = —_
S0 pEar? = L :
_ o T 5T T Moo= G =
o g moar{ﬂa_ mﬂ@xlﬂoaﬂ,%wnmm L
T ~~ [ 1l
5 = Mrw M__m]ﬂ o ‘Dl il oF Bl ] ‘nﬁM z]o - ﬂ_“ = B “
= a o j T o Mw o oo = A w Ere %
= NV ,D| < = L Ko 70 mﬂ = o Ho .c|, Jo
S T s ¥ ﬂalzé,ﬂqn »
o R 5 o D i < oW OB R o =
do T T3 = B x e B =0 ol .
[ AN 4ﬂqmokéag X
o B ﬁoiT%AL@ OL@ﬂ@oﬂo?%y w0
~ o= T = X° 3 ofp X T = = o° B oo £} oF
w X do S ™o I < rw 75 % 1) Ao
= ™o LR T e 5 W= i 3
- X /T W S o = o - R o s
B oF 9| o e T o e = = i K )
= M A g ¥ T L oo T = (N
T W o o o o Y% Ho = up o © o
au%i Koo — a o oo a5 2T )
‘_.lou B0 OL o = LC Lt " o RO e EE ] ! X m ‘_Q_l To
r U ! B N m oRB =0 o o W o ™ —
an! ) xw 3 o Mm s ﬁm ° R cﬂu el H B ] = BK
o . = g 3
- zo X _ .Wr - .oh B0 - o T M & A M < off &o o
mm@.w& B o m T X mﬂﬂnero_EQE o x
Sx "= ﬂg%mlﬂ 7%1.%;2}5 "
S Mo ° mn%ﬂam,@ar.ﬂ,@%gﬂoﬂﬂ o 52
Eﬂmmﬂi RN ¥ 555 @ﬂoﬁo%w = oF
S il pﬂﬁﬂooﬂaﬂowﬂ@aw . e =
w28 Mo = oo = o X R = w o
= L N R o F o R N N o T Po o e = =~ HL
3 70 B X o gl A il il
— SO N | = o X° o) z o
s = ST o P X w = oy ) Ho o o = . ° _—
| ~ S o Zo 00 SO = = o - < X T R ™~ 3
38 o ™ o T @ XY o Pw X o M- o
Z 3 - ot T Xo T = ok N Mo , o
) i
= 2 B o o - T T 5 o o B o 0| V B- g 1
= X =) ) . o X = 1o_l = Lm ~ To FEo wn i el n
Ry o6 s y S 7 = P A ﬁm. 20 =0 or 0 . e
1, . N T
& ol o Mo ! = B B oo = B
e o o 3 T 2
o) Mﬂ . oF
o 3 o~ _ HT_
~ W
B o A
w0 Wo N )
- R B oo
T o W o I
s oo Mo WE oo = W W <X <
i m X s ,o oo ) i < W T
W 2 h B = o = CECEC)
4 < o = < =l iy o o ° T W of W -
o &2 o = W X 0o o o =0 T n =5 0
oy oF wE w LR o 2 o - 5= X wo o A B
TR T T " 2 L o w T R 4
o oy R E %ﬂrjﬂ@uﬂgx W
‘mW T 3 1 HT —_ T~ I ]A o m_.o v ‘.# X — H._L oot s
® o~ I qw%ﬁmgk} o2 a2
T om A e o E o ® A oL X W i G G
PeoE PEriene PN & I TS
_= =z ju K s e _ i
M3 wOﬂemwﬂLmWATevmhm%m_% qxo;ﬂowi
R 2z ar%%@rﬁ iiﬂ%ﬁ%@rM Wm..mﬂﬂm@
© < S o < W 3 w o % PER x wmﬂ o 0 WM o {+
= o W = I M = - o hs < R B ~ o = o ok
@ O Yo T R T 2 ht a_v w ¥ T o o U g o
sﬁlﬂ oﬂbmga«aﬂ%%ﬂba}@ﬂ% Wode Yo
,ﬂmﬂo# %uomw%l_solgovgéuﬂiﬂ% ﬁmﬁmrﬂlol,%
= TR MM =0 & T o ° o o = T Mo i -y 63 o o o1k il
0 P g oo T o T M 2w gy R
oR o) [ = 00 3 W ™ .A_,.E qoyo C.._ T &) = JR— O L K B! JI
® O £ R 3 ok g BN Mo w = 2N = ° @B B B
- =T 3 o O o Wooox = HoRH ~ do Tor
-~ A8 T © ) X = oo X = W o A= of o AW
o o }ﬂwj%.L%ou;qu% o o e 2
T AN T oE o N - F w B < O o m N
ﬂﬂregl T ﬂﬂdﬂ_/zfdi m 7o Fuolluo
i lixr_/ JA LA Ol %o w - ® % 2 =R
mfﬂ@a T om _sﬁ,wﬂ %i%aﬂa% Ugﬁ.??@oaﬂ
— 0 [y Jjo =0 Bl 3
i w@qgngmﬁMM%@ i
—— ) ~ I
%m oy m Z o & nm mﬁ Ca mxnﬁ B < 7K T ww ) " M.n._ NM LmoM Mw mﬁ
~ _ = ) R
% 3 oy X B N o w
aowomm Do X R th%%%ﬁi% M%Hf%%ng
=g E Ugj7%%%% amwacag %@aaﬁgd
FuEcy Mﬂ%qﬂ;wgma Fde *ERL L
f " = 0 ! ! — " =
=) o 2 B T e % o R N W o ° e i B o ooy B
M; o F R i WW = o o . o T oF E B ) o RO
%%%mﬂ sw7w_§ﬂ%ﬁMﬂZgﬂevuoua.?%moﬁmoz
o o R <0 R . s N . kO F vl
oo W K = ) Y . S X B2 =
T i " By ox W%HaWzgwqaﬂ%ﬂ@b@
i - X 9 bl o T oo B 3 —
T o o . o= o O ~a AT -y T T T R o
© ﬂﬁm@.%i Hqudur&%%@ﬂmo@ﬂ
?me%%?ﬂ_z%%,%% o % o
% B do o = W o o = W B m ¥ B!
S K e o lo = o 7o e el
Mo o= BT W T G L
< ﬂor jariy H = >
B oF Mo & E
.
ox

&5 A}

]

7S W F

& ok A )

R ERENEES

Zo AT §
A

=]

o) g2

9]
il

stol =

o]

nlo] A 2ol o] E
1

3
=,

ol .



T 8

FEAEY] FHFFE FHAA B4 9 FAAA ALY ZofdlA gre
A= Axgaido] g Ais T3 AgAoz &8d ool AxFawd
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S U M M A R Y national biological industries. In the theme of genome analysis and genetic resource
securement of extreme environment invertebrates, we aim to analyze in mass the
expressed sequence tags (ESTs) of an antarctic sea urchin, Sterechinus neumayeri, an

1. Title arctic sea urchin, Strongylocentrotus droebachiensis, and an antarctic collembola
hexapod, Cryptopygus antarcticus and to secure some low-temperature adapted genes
- Development of Genetic Resources and biomaterials from Extreme Environment for industrial application.
The leading research groups using marine bio-resources raised several issues to
maximize the efficiency of developing useful biomaterials such as the share of
. . world-wide cruz program, a systematic storage of marine bio-resources, development

II. The aim of the project . . . L .
of efficient screening system, and so on. Especially, judging from the impact of
biotechnology on the economy in the future, the establishment of bio-resource
- Marine environment is a great biological resource, retaining biological diversity libraries collected from diverse marine environment and the development of efficient

covering all taxa of Eucarya, Bacteria, and Archaea. It is estimated over billion screening technique are much on demand.

species consist of marine ecosystem, and it has been reported that the proportion of
carbon mass of Marine prokaryotes were corresponding to 55~85% of whole carbon
mass on earth. The marine bio-resources are of value due to the novelty of genetic
information as well as the functionalityof new life forms.

Since the genomic sequence of Haemophilus influenzewas determined in 1995, the
biotechnological researches opened a new era and drawed much attention worldwide,
which led to R&D activities for developing useful bio-resources by the help of the
state of the art technology.Many countries are investing competitively a lot of money
into the biotechnological research to collect bio-resources and develop useful material.
In this circumstances, a genome sequencing technique, more efficient high—-throughput
screening technique, and the technique for screening new genes are on demand. The
recent advances in fine chemistry allowed researches to develop a new material of
high value from various bio—resources including marine organisms, and a lot of
research activities to develop new medical or pharmaceutical products such as
anti—-viral, anti-bacterial and anti-cancer from marine bio-resources are under process.
In spite of the short history of R&D activity of marine bio-resources, marine
bio-resources may give more probability than that of terrestrial bio—resources.
Organisms in extreme environments have evolved through adaptation to their unique
habitats in the earth and thus developed valuable genetic repertoire. As the
bio—technology is considered as one of the major driving force for economic growth in
the next century, international competition to secure bio- and genetic resources
becomes harsher. Korea needs to utilize the arctic and antarctic research stations in

order to develop new bio—/genetic resources, which will enhance competitiveness of

_11_

In this respect, the aims of this project are as follows.

Firstly, the whole genome sequencing of a marine extremophile, the systematic
storage and management of marine bio-resources including genetic material,
high-through put screening of valuable genes will be carried out and the established
techniques will be applied to the various R&D activities related to the development of
useful material from marine bio-resources.

Secondly, new useful materials will be developed through the development of
pharmaceutical compound from marine invertebrates, screening antioxidants and

screening new enzymes from extremophiles.

III. Scope of the study

1. Isolation of A Hyperthermophilic Archaeon

- Isolation and cultivation of a hyperthermophilic archaeon

- Characterization and taxomomy of a hyperthermophilic archaeon, NA1

2. Genomics on a Hyperthermophilic archaeon

- Construction of libraries
- Mass sequencing

- Anaysis of a hyperthermophilic archaeal genome

_12_



3. Characterization of Extreme Enzymes
- Archaeal genes encoding enzymes

- Expression and characterization of extreme enzymes

4. Genome analysis and genetic resource securement of extreme environment
invertebratess
- Analysis of ESTs and characterization of evolutionary history with the
antarctic sea urchin, Sterechinus neumayeri
- Analysis of ESTs and characterization of evolutionary history with the arctic
sea urchin, Strongylocentrotus droebachiensis
- Analysis of ESTs and mitochondrial genome with the antarctic hexapod,

Cryptopygus antarcticus

5. Characterization And Identification Of Functional Genes Of Marine Fishes
- Habitability and genetic characterization of commercial marine fishes
- Determination of the fishes for a functional gene analysis
- Search and identification of the functionl gene

- Characterization and application of the functional gene

6. Novel Marine Natural Products
- Collection of marine organisms
- Bioassay of organic materials

- Isolation and chemical analysis of novel Organic materials

7. Marine Antifreezing Protein
- Screening of polar microalgae producing ice-binding protein

- Physiological anaylsis of an antifreeze like ice-binding molecules

8. Policy and Study Trends in Marine Biotechnology

- Definition of marine biotechnolgy

- International and national policies in marine biotechnolgy

IV. Results

1. Isolation of A Hyperthermophilic Archaeon

- A novel hyperthermophilic, anaerobic, heterotrophic archaeon, strain NA1', was
isolated from a deep-sea hydrothermal vent area (depth, 1650 m) on the Pacmanus
field. Cells of this strain were motile by means of polar flagella, coccoid-shaped of
approximately 0.5-1.0 m in diameter and occurred as single cells. Optimal
temperature, pH, and NaCl concentration for growth are 80C, pH 85, and 3.5%,
respectively. The new isolate was an obligate heterotroph and utilized yeast extract,
beef extract, tryptone, peptone, casein and starch for as carbon and energy source.
Elemental sulfur was required for growth and was reduced to hydrogen sulfide. The
G+C content of the genomic DNA was 52.0 mol%. Phylogenetic analysis based on the
16S rRNA gene sequences indicated that the strain NAI1' belongedto the genus
Thermococcus, and the organism was most closely related to T7hermococcus
gorgonarius, Thermococcuspeptonophilus, and Thermococcus celer. However, no
significant homology was observed between them by DNA-DNA hybridization. Strain
NA1"therefore represents a novel species, for which the name Zhermococcus onnurii

sp. nov. is proposed. The type strain is NA1T(=KCTC 10859%, =JCM 13517 1.

2. Genomics on a Hyperthermophilic archaeon

- An extremely thermophilic archaeal strain, NA1 was classified into be a member
of genus Thermococcus by 16S rRNA gene sequences. It has been known that the
members of Thermococcus are ubiquitously present in thermal ecosystems, especially
in marine environnments. The NAIl strain was able to grow anaerobically at a
hyperthermophilic range (70 - 90C) by reducing sulfur. We have carried out the
whole genome shotgun sequencing of the 7hermococcussp. NAl to search for
thermostable enzymes and to understand the physiological characteristics of
hyperthermophilic archae. The genome was composed of a single circular chromosome

of which size and G+C content to be 1,846,670 bp and 51.85%, respectively. These
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values were very similar to those of typical 7hermococcus species. The ORF

prediction revealed that the NA1 genome contains annotatable 1,983 ORFs.

3. Characterization of Extreme Enzymes

- Genomic analysis of a hyperthermophilic archaeon 7hermococcus sp. NAl
revealed the presence of several ORFs, encoding proteins such as putative
aminopeptidase P (APP), a-amylase, thermostable carboxypeptidase 1, DNA ligase,
thermostable DNA polymerase, methionyl aminopeptidase, and prolyl oligopeptidase
(POP). Those genes encoding hyperthermophilic enzymes were cloned, expressed and
characterized. And the comparative genomics is under way by comparison with the
nearest neighbor, 7. kodakaraensis KOD1 whole genome sequence was determined

recently.

4. Genome analysis and genetic resource securement of extreme environment

invertebratess

- Molecular phylogenies of 12SrDNA-tRNA(gln) and COI genes reveal that the
antarctic sea urchin, Sterechinus neumayeri diverged from the common ancestor
with an South American sea urchin Loxechinus albus. Their divergence could have
occurred 24 to 34 million years ago. From the embryos of the antarctic sea urchin,
about 1000 ESTs are analyzed, within which a number of useful genes such as
epoxide hydrolase, caspase, catalase, phenylpyruvate tautomerase, MAGO-NASH
protein, antibacterial peptide are included. The arctic sea urchin, Strongylocentrotus
droebachiensis turns to be a close relative to S. intermedius, a dominant species
in the East Sea. They could have diverged 4-10 million years ago. About 2000
ESTs are analyzed from the intestine of the arctic sea urchin. They contain a
variety of enzyme genes of lipase, beta-glucan endohyrolase, phospholipase,
carbonic anhydrase I, ketol-acid reductoisomerase, DNase I, acetylcholine esterase.
The mitogenome of the antarctic collembola hexapod, Cryptopygus antarcticus is
almost determined: about 13kb out of a total of 15kb DNA 1is analyzed. In the
mtDNA molecular phylogeny, the species locates its position close to Folsomia
candia and Folsomia bisetosa. Within approximately 2000 ESTs obtained from the
collembola, a number of enzyme genes and biomedically applicable genes such as

delta-9 desaturase, mannosidase, endo-glucanase, trypsin, delta-5 desaturase,

laminarinase, interneukin—4, neuropeptide-like protein, and lipocalin are included.

5. Characterization and Identification of Functional Genes of Marine Fishes

- Genomic DNA samples were obtained from several commercial fishes. To obtain
growth-related functional genes, genetic variation of red sea bream, Pagrus major
was examined by RAPD-PCR and analyzed polymorphism of LPL(lipoprotein lipase)
gene. Seventy-six reproducible RAPD fragments, generated by 19 random primers,
were polymorphic. The three polymorphisms observed analyzing a DNA
fragment(1,091bp) including exon 2 region of the LPL gene, and difference of allele
frequencies was significant among red sea bream groups.

Using subtractive hybridization and ACP-base PCR on skeletal muscle of
dark-banded rock fish, Sebastes inermis many novel growth-related genes were
cloned. We determined the nucleotide sequence of these clones and identified
individual sequences. We verified the level of expression of the growth-related genes
during the growth stages using a semiquantitative RT-PCR approach and quantitation
real-time PCR. As expected, all of the selected clones showed their specific
expression patterns during growth stage. Some clones and DEGs that specific
expression pattern during the growth stages were further analysed by northern blot
analysis and tissue-specific expression patterns. To understand the mechanisms of
regulation of parvalbumin gene expression in skeletal muscle, full cDNA of
parvalbumin gene by 5 -rapid amplification of ¢cDNA ends(RACE) analysis. 5" RACE
analysis revealed that parvalbumin consists of 659bp and one intact open reading
frame which encode a polypeptide with 110 amino acid residues. Characterizing of the
role of these growth-related genes including parvalbumin gene will be important to

increase our development of the application program that apply the functional genes.

6. Novel Marine Natural Products

- A study on metabolites of marine organisms has importance on both academic
and industrial fields. The objective of this project is the isolation and structural
elucidation of bioactive compounds from marine organisms. In addition, improvement
on the biological and chemical techniques dealing with marine organism and their
metabolites is also studied such as isolation and structure determination of organic

molecules and screening methods for bioactivity.
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Marine organisms have been collected from various locations of Korea and
Micronesia. Primary target organisms for chemical investigation have been selected
by combined results of chemical analysis and bioassay screening of the crude
extracts. Organic materials have been extracted from the selected organisms.
Bioactive  secondary metabolites have been isolated by utilizing various
chromatographic techniques. The structures of natural products have been determined
by combined chemical and spectroscopic methods.

In conclusion, this study has successfully demonstrated the biotechnological
potential of marine organism of Korean and tropical waters. In the meanwhile, this
study has built research capacity for extensive chemical and biochemical investigation
of marine organisms. This project provides not only materials for industrial
development but also technical basis for the advanced research on marine

biotechnology.

7. Marine Antifreezing Protein

- We performed the basic physiological experiments and identified the antifreeze
like ice-binding molecules (IBMs) on Porosira pseudodenticulata at the summer
season in Antarctica, 2000. The growth rates of this species were increased adding
nitrate and/or phosphorus nutrients. However, no astonishing change of P.
pseudodenticulata growth rates was not detected putting silicates. In addition, this

species were predicted to release the IBMs.

8. Policy and Study Trends in Marine Biotechnology

- Marine biotechnology(MBT) is considered as an important marine
technology(MT) not only to solve shortage of food and energy, destroy of
environment, pollution problem, etc. due to increase in population and economic
growth but also to increase nation’s competitive power as to connect with industry.

- According to DRI, the forecast for market size of biotechnology(BT) will be
around $ 154 billion when it is assumed that average annual growth rate of BT is 11
percentage. Thereby, the R&D investment of each nation is increased to do prior
occupation for a marine MBT market.

- The strategies of nation level is required to dynamize a research for MBT as

follows: 1) bring venture companies up through a supporting policy, and expand R&D

investment by participation of private sector, 2) extend a market of MBT by as
concentrated investment and management of MBT development, which has huge
impact of forward and backward industries, 3) increase a long-term competitive
power by re-investment of partial profits gained from MBT market to basic MBT
research, 4) maximize a spread of research results through establishing research
supporting system such as legal advice and patent administration, and 5) acquire and

bring up man power for MBT by preparing a incentive system and training program.

V. The future plan

The information on the whole genome sequencing will be further applied to the
study related with the functional analysis of the genetic information, the transcriptome
analysis of the hyperthermophile to wunderstand the mechanism how the
hyperthermophile can survive in such a high temperature. This result is the first case
of isolating and cultivating a hyperthermophile in Korea and also the first case of
determining whole genome sequence of a hyperthermophile. Accordingly, the
information will be analyzed by bioinformatic technique and useful enzymes will be
developed by conventional genetic engineering.

The low-temperature adapted enzyme genes and biomedically applicable genes
obtained from the study of genome analysis and genetic resource securement of
extreme environment invertebrates will be utilized for biotechnological application. The
genes are to be recombined with expression vectors for mass production of the
proteins. As for expression systems, not only the basic E. coli system but also a
plant system using molecular  framing technology will  be applied.
Carbohydrate-degrading enzyme genes such as mannanase and glucanase genes will
be incorporated into microalgae and their expressed enzymes be used as additives to
animal food and the detergent. Other than these direct uses of the genes, the genetic
information of the arctic and antarctic organisms can be used in gene shuffling and
peptide synthesis for development of new bio-materials. The psychrophilic genes
collected from artic or antartic (aqualysin, glucanase, mannosidase, desaturase, trypsin
etc) will be genetically engineered and the recombinant proteins will be produced. In
addition, the recombinant neuropeptide, lipcalin, and interleukin 4 will be also purified

and the bioactivity of those will be tested.

The functional analysis of unknown genes related with the growth of fish and
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the information will be applied to the study on fishery

The collected bio-resources will be stored systematically and used for the study
of developing a new bio—material. The bio-materials will be further tested whether
it can be suitable for the market and get patented.

Keywords : Marine genomics, Hyperthermophilic archaeon, Extreme organisms,
Expressed genes, Extreme enzymes, Molecular phylogenySubtracted cDNA
library, Differentially expressed gene (DEG), Marine natural products,
Bioactive compounds, Algae, Microalgae, Sponges, Marine biotechnology,

Marine biotechnological policy
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1 23274 WAE &

19799 AlslE a9 & o]F g mAEEe] A AA As daT FA A
T . 53] A 47 22 Ao AF 7Med X243 (extremophile)
of tigk A7t dA v, 5Y, T A 2 A A JFAEHE B U
A s W Yk old xuLA HFELS UFE AF2Lrt 75-110T 1A
T (Archaea)olth. 214 oA Faldh 224 T4 WEAd, AWMGAA 2 #7]
Sl ol digk kAol wlg SFEta a7 TARE FU|ZE ALEe] JhEsty] wE
o 24 549 9HE FE ¥ 5 Jdi gEHoRE YIEAY A 9, TS
o ArEA vg Fosty 2 SEHMAV ASHE QA JrHH AT, 2002).
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20029 AMEEY T O oigdyr zZEads §3 "2ArE gFobyriv e
PACMANUS &4 A4 <A 1 Aqe AATA Gzt
AT ATt A aEla AESH ZAZE @] o]FoA a9tk Takais 9l
(2001) Rarel <ojstd wFFolyFriye] PACMANUS 474 te]  chimney T-&°l+&
23124, 239 Y thd$ Archaed] 3 EC] FX3H, 53] L chimney %W+
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R ¥ Nanoarchaeota Y 712l & (phylum)% Euryarcheaota®| o\ Thermococcales™:
(order)oll &3t} Thermococcaless 2 A A% ( Thermococcus®t  Palaeococcus,
80-90C; Pyrococcus, 95-100C)¢} 16S rRNA 7149 18la2 G+C contentol whek
Thermococcus (Zillig et al, 1983), Pyrococcus (Fiala & Stetter, 1986), =1g]il
Palaeococcus (Takai et al, 2000) Al 719l &E2 YFojxt}(Zillig and Reysenbach,
2001). Thermococcales’sol 43t 52 A& 7|40l yeast extract, meat extract,
peptone, bacterial 12| archaeal cell homogenates®} - proteinaceous 71253}
casein, gelatin, starch, chitin Z2]1 xylan ¢ 2 ZgwolA et EEHASATE
ojtt. o] 52 g TR AN BAEEE FAEA(EAE &AM S

£ AAs7I9Et ARFEARA S A FTH(Schonheit and Schifer 1995). ©]
Thermococcales™ % Thermococcusi= A3v &L al¥F D47 (Stetter, 1999), =%~
o =<4 (Ronimus et al,1997) 221l FHZolE 7 A4 L(Miroshnichenko et al, 2001)
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TATS TR EAA AY FAxA Ho YA ¥ wRFToR U1 Ay

& A (transcription, translation, replication)oll lo]A & Al F(Bacteriya) Rt 34

EF (EBukrya)et o frAbst @eld 543 SddAld #Ad gde AdFe 27

7l e AAA AFE FoT AT 2E5EA, 7149 EFAER AT
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A Am smol FHAUA A d= Ve 2% Aest 717]e) deR A &
e vAE fAA AL diF B4 Vgl BAHAL vlo]§ FAAA, AHrls E871H
of BAFHI Qi F @A o2RE AY FAAES Eedta, WFoR AVMEE AAT
of 7]Eel dEAA F¥E 2R AY7T, YA, FABR 5& FHe= o] b
gkl Mok o3 FHA AE e Aeste A4 B Uz VER dAHNeH,

2005 39 1¥ A, AsZEAE DB (http://www.genomesonline.org/)ol| =W <+
H vAERAA sls Z2AE 2274F, 20670 duk At g3 217de] Aot
A AP dE MAEAE Z2AES ALE AA| 6544 AT FHA s

ZRAEYL 2870 o]E AR &A 3} FHo gtk

A dre Ao Ane G g NG AR YA FAo K4 3G
% Awe AT Jl%d G z@a @A, R nEAY WMPRY Aw ALe
A% o HoplA Dol 4@ Ha WMol BAS W Qom, we we AAFH &
a7k AR B BHow AWHD ATk v, YR, TFs e A¥ol HYAE 5
3 G PRIR FAALANAAAY] FEHS A, Be WAsh ATE Ba
FRFow Ve WMARES BEn on, oF WAEF A7) AFAREIL
gug gejolt £ Ay A9e MPon F8% wNAS ATety, 535 A%
ARAS Fusta, Adstts QAR o2k MT BANFES FER 434
g wolw glom, 0% 3@ #7 fdo wude 4 ne, 1% AL, ndF @
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55 Aot FFHES Hopre 7t & #2ld oF 3,370% 9 A ol F
<=7 AR derte 558 §4 2 AXUA A7 e A3 Bojd 598 A
AR Eaagdnt. d58 <dtde dd ll =Ryl A gle AV A
A g AEo] YEEon, &4dde 2t 2 2AL S FAAME
ot & ' &4 AETo] AEIAT. A9 uirtelA decapodast & A
52 WEHIYA T, notothenioid ¢l FY spatangoid FIHFELS 238 A W
dotel B FEol AFA wHT. §¥de 25 dAZFFE AdFI A
<, Mgttt A2, AFdse 2259 Y4 5 A AFA IS AR
AA ZFIERA FA AEC] Wt A" ok oY A A4 AEIS
AT AMEZE AEALS NEE F e dAANG2ZA HA2ALE AT, F
AR ES AFAELS 20049 G5 AR et AEGIY olgE TA FEATF
Z=23% (Evolution and Biodiversity in the Antarctic, EBA)S 3339

o] A&t AFE AZsEA T (SCAR report, 2005).
Ao A FAYELS FHzAY FHAY WeE Bt sy,
A A 7159 WstE Hdom Hgsant. 2R gdd dolgts EE &4, A

MEF AELA 2L

3, A ol €% (-0.7C) E¥%E @& -1.7CY -1.8T o2& dFoilM=
AR g3 AANAE FAEH GF5E ASste dFAd EF39 o Fsol 24
o] el =ol k. Dr. Scholarnder 52 &= Ao A2ste= o fFo I
= A B3 3 & ol 2EE WElFe EHo dhE AL Wil 1 EFS
A2 E4 (Antifreeze molecule)olgtn EXT o]F ZAW x| EA gt
B A7t olFoATE 1971d W v=e Dr. DeVries7t ESd+F

(Notothenioids) A o] Edeo FxZ& 93|A =AU},
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Af, AEHE o192 Hdsith oy AHE2 ol V3 ATl ofFolx S
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F¥S FrH(Fautin, 1988). A& A7 Ao F2 ook o 3 Rofry Hd
BYGAEAN o5 ek & A2 A el Aot o] WAL FH
Bofsts Aol A 7ol ol A @PEREC] AU 5T A, A
Eh e AZU AzAGA A v$ Meld oz AFsAY o]LSo BERE B
7] Wittt o]gh o] HAE AT o i Foksk AT AAE Hu TS
W, g, EGUAE, I 5 SEAAES Fd R A HelME S 7)o
£ stolskth. 2y ¢F, AIDS, #eleof, 2R54E HEE G4 2ol T g
SO Ao Tk ooFES W ARAH AhAed dg s ALKHor FIAY
I otk AUAlE ZRAES FAR2 B 1 A AN JheAde AAER YA
oA FEe A o] ks ojof shar, QIFke] Frxte} FyEtA el R A 3=
vpolg 2 wre|Elol Foll o3 = Aol dig Ameke] BedL do] dFE F
Zbetal e Ageltt o AR FEEHLY MR dHewA HILES FHHA
Ak MG E FAle HABES 2 7o B EHAA FFHAE ngte] Aol g
Aol wol 3 MLrbedS =2ula ok AgEE e e eE AFEHEe] 70%
£ A8 & S@A ol ol27]7HA] B

1 =
D B
8 A=)

Zo] AAsta 9th 2P E BFela oofEo R o] &y

3
X
2
o
oft
ol
i)
rlr
O:—_’
il

AEL FR1xdNA FZFd W kainic acid(FFA), AADo]A &g nereitoxin
(F°F), siatell Al 2 holotoxin(F A ol B34 w2 3] v FFd v
o vk mEbA] R AEe] Mvgor dolgle el A At
Eolgt 7x2& 7I AEde] BAd 7tsAde S4E 5718 Aew dFHa 9l
(Fenical, 2002; Blunt, 2005). 3| FHIAE A9

%8 Azl A 19604 o)
nE PAES ARy Agde Quow FEaR 3

2

i

2,
lo
°
>
ol
04,
24

2]

Al AE A A AEE F
W7k e FES st A AEEIINS HEste T AFHAER o5& e
© AELAY] ATE 93 gL A7 FAE Ste gtk w=9] NCI(National Cancer
Institute), SIO (Scripps Institution of Oceanography), 2] A]o}2] PIBOC(Pacific Institute

of Bioorganic Chemisty), &2 AIMS(Australian Institute of Marine Sciences), 32

_47_

A=2o] NIWA (National Institute of Water & Atmospherlc Research)s At &% AT
Z1dolv th=A Ar|de SHeRE -3 d FHEor QYA "gAdA 4l
o ofF o] Aol o2& HIrgol et Zﬂﬂ 122 A5 HFTAow st vt olst &
#ate]l 1980 FHF o] Feoll= AETEAYPF wEel wet A= nEIIEA A
B3atan 21417 =7k A Aol e ¢-915 ety st A=At fFAEA
of et Wetd RoFes AWse Hrb7 Gt vk 1 AFE AEFE shge] b
frad AEAAY] Bia3te npd e =54 g olye A
omn oju] T ASEANZ 7} Sollx & o= A7|#e] A= &
AU Mo st e AAo qor v, B, Ao}, IF FoAE

g%l Jele] APYBAGE AAGoR Fusy) fstel GFF Fuo| IFATE

AlEdhE 5 B =S 71&ola gnh ol AlAdl Fae]dd el HEE Fel vt
ojZ | Aofel] HEIEYF ATAEE A AU FA=el HFE A+E FIHL VL
e #HF7] ARAGE A2 *V\}o = HE g A el A o] e s dRde
AT sE dzHoes Sudis Aol uuR 8o dgd A EAds B
Fota el Eata g AEd ek A7t v Fedvh 2 3 J4a
Bolu #R ol A7 #AE SAAEAT HFH i, AFo] ofd {FE&EZH
A dFgEA st e =] MFIE ATk v & AT Abglo]l A&
H o] F<Ql 20049 F-H Gl A A FE mhdate] @ 210 ATAMY S B g
2 MEE ARG AL g7k Ak oldd@ A A YT AFYERTE
AYdAd AEds 3, st AgA o8t e e TAEH olE VxR YA

™ o
Fgote] FTE ABAL AW B AFE FF BAH AP TR A0 A

| 245 Slste] vl T asit

o
o)
=
)
2
-
it
4
o2,
ofr
ol
)
f
e
N
i
JL
)
(e
{o

AXEHEZLD £9

2]
= W] # F Qv (B F 2000). FH0l AHsE AEES F& FARLEE S5
7] A&l 44 553 2255 wEodn d=UlT (Nototheniidae) & =7 a3} 1
23 Hafde gl HstE olfEe d5AA ] FHol At A 4Fe =
Aas @A S wrEo] Wt (Jia and Davies 2002). =3 @29 2871 Asel 2
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& ngke] BRGIA A delFelse a5l AEE 9 XS Aately B A2d A7 H=
FES WHEUWZIE 3t} (Bowman et al 1998; Nichols 2003; Nichols er al 2004). &

:IOL_!‘
o2
o
it
o

Sl = dAbeke] 2 wistgor Qs W (sea ice) TEL AEA WEIF AN 4 i K o ’

mrogase Ae 9 APE A7, ThAow aue Ryd = g wig AE RS 9% sdoR SAME, SAFE, AFE R A4 A5 78
B = 2000, ARTFaE Z Yo =As= uAzRE suAd 64 FZE TR A HRE ST A dlEe] RS A 20t Ala deskal w
(cryophilic dlatom>olﬂ} 3 o] FERFE A fUe ol EYW EE Ul ekl A Fol #Hd s 2asd aAdEEs A, GAA s Hge] wel 2= A A
29 G, 2% (centric form) 2th S4E (pennate form) HES A5 ol Bl ol HARAA dolneewe Fustd f4404 A4S AN, Feel)
o} 52 ‘/}3}01]*1\_ S WAl P EFR Navicula glaciei®t N. perminuta®) ™a 3 e AT dgAZRE el FAFEECIANA AAH AT TR olFE AR 5
a2, AEsE A7) ol Fol At} (Kang ef al 1999). Navicula £5 %4t ofvet th 3, sidel FAMAER B FARAL FAA, AUH qFyel FHE Adom A &

7]
QY A FEFE 9N BT ofFut utHobAY A2 AFBHNN o)

<
93 Yo g Eold BEAES wEoldittu Az}l P, pseudodenticulata (Figure
o o

ol

S7HAZE wa ol Bl 22/ opllobe AW, 25 A BAavhEe] Fad 93
olmz B Ayeld 2002d HeEY FF dFAT TRIPL B 2
=]

Thermococcus%:9l 43 NAl #F5 28ste] 1o thst 22 54 43S 3yt

3-7-1D A F5 s FellA] BAEE vAZ{FEA dAA7A SdeiA A7EA g 9l

o e Feis BE, 297 e AR BE AT B A2 e Aol A0 A Sl g A e,

o]t} (Scott and Marchant 2005, Kang et al 2001, Kang and Fryxell 1993). o] ZWA Fe8A FHFTE (F= A, 53 4A, E5 239 FAA A, FAxd
TR BEAS Golrmat BN @ FAALAN AL o] gate] FEH B4 gRAGE ST AR 24 SAE dHeL #ERAAE e en 48
& FAEAI VNxA AAEA A B Ggdel wI AFE AAEAT = 54 SEE HREE Za vk 953 wHsE BAAESH Jes Aegory 8 st
Joll A AFgslE AEo] Budg Ao daEE fAAWA BHY EAE el Ao, FAH O E A2 FARAS grstele Aol AFHA 7t= 21471 AT
9gte] 1 AL G A4 FHAATFY B FAATL A Lol u) Aol Add A7 FAR gaEch B 53 84 A4 o FREE {8 fHaxds #
¥F P. pseudodenticulata®] W 71221 A ALt o volrt FAAR WA 4 H3l7] 918k o9 1A FAA gAY BALS HlEA] = E B ol

1o
orﬂ

Qo] FalEojof @ Aol AT fa AL Aug &, U 2 FAFATL] FHHIATAE T

e vhol ARV L FF AEA gt ANt ANTAFE 2 NEHE APt
%

I olE9 %FEHE U3 brine shrimp ZA, AEEA, I BEIA, 4228 AT

8. NFAPTE Y TF 2 3 AA 2 5o AYFAES AT g8 AAE ANEREEH AR QeI JAE] 2o
T2E LA Ak ofgy E AT AIL oE, AFRFEA T AEA MES

ok Zato] E7te AAgEEAGoE RS 3ty Y= AL A A AEEHey o5& 1EERE AAdetE AELAE FEet qFAAA Weks 4

719 A, Z2HAQ AT A, 5131 AT Az FA, FUl D AA BATIY & TahE A A ExEel Ex1H<l sjda g g as Freia Fo AFHA-AE
AARA Gol ZAREA Fojof st} welx B Ao G T SHMBT)H A AR L Mg, AAE] R, AELe FxAH, YL AN, AAEZNE A
FHBT) AA(AADE 114, AETte] A% @3 2AL MBT(Z2 BT =7H% GAREAY FA 59 NeFTs AAFFT s Ved SRE 94 F78
A AAS BT F A L AARES Al szt skl Atk 2 AT A EREAES 9T A7 HAAES EAFH 2,000 o5k A o
AAMEE S A ew g brine*shrimp =X NEZEA T =D gube

o} & dAHow HAo AFUd e AHEsE, FEEsE 5 AA oA

i3 FaAThe

53 S 2FE YA o }Oi 100 | AR s
=

T - 50 -



o
ol
o

ot

2

N

e A o
-
o

M
|

P
e
e

—.~
lo

ol
f

RN

to

,
2

e

R ATE A% BB AQ AGe vk Balere] dAstst vho] a4
of otom etk KNI PHIAAD gl YolHE dujA e

71ek A o] Qe Hste] Ae@dEde] SdARNE} EH =0 SlojA &

A dy deA sk mebd 2 AT AelA Ed G EAIRE FR

om ESolgk gz AEHS stHor ey s oAzl o
M7l F3s 3A mREAT & AFHACdA Fdsts A7uEe
A

FE o188 WAl Adel B ATE Frkel AU AFEA)
S % ASHEAL Aol AL Ay AT BE FEH 0
FrIAERE EAHOE o]§F + Yrked 2 o7} gov], Hupg

MAERE 2 AR E5S PUSAZ Relste] YA o] g

k &

GFTFolA B 224 I3 2% W
AR P& o] &

ko] @17 (16S tDNA) ¥

FAER AL 0] 83 Fe 54

MESREEcl 434 9D ZAT FAY AA
EAAE 2 25N #H

G wote] ME A eholne Y Su

= F+ 7 E % (genomic DNA) Al EjlA
Ao 34 54 ot 9 FPY data R

L

4
o

B
3]
o
ox
Ju

AR 1T FAA S g8 EAE, Al 54 24

L E—X}ﬂ] , AsA7), B AR B
A BA 9 Ausd

w_%@ W AEAld 2o, J1E AR A4

NEAF o

ot | ot

o |2

) |2 (o

%@?} 2 (Ice-binding protein) A4 WA 2=/ Y

O [ |02 |t | X

712 Agg4d A

ol ET1 Fash B4 N a9 AAERe] g 9 v,
B0 B BE b

b

BN AR

w3 (Ice-binding

protein) 44 WA =R

i | |2 (ol | P o 2 (ol |2 | @ |l
s
i?L

T AeAUAEREE T4 eAY Ba(1BP)
4 89l 8 Ao] 71

haf

o ZILA oMo XA glojBee] 75 9 i AVIAE 2A, Ad AFAEH

o FFAA A Vs B4 9 FAEF FHA R

o o]7e] 74 FHA &4

o AEA w4, Bd Ee, 7= A%, 988 A

o Wz B 2y 2 834 AZF AHAEAR A

o WAZEFO| WAFHAEST) t¥] 75 9 IsHE {Hx B4, 4E f 5

o 11274 oAl Thernocaccus) 34 A% S4; /18 FHA 71595, 4,
A FRA2H =
ESAA0 fAA R VTR, SALFY vEZEE oL f1A 74,
BEFAA 75 4

o oJF{e] 7IsA A &&

o B3 diFEy 9 54, AEH 5% o &y, #2224

o AN A HHAH SODE AAl, SODS] #4574, =AY A(scale up) 231 &4

o H¥NEF7IEY T A P HH

10091% ool MAEF Pl 22 3y L 0|59
e FE s B g

il

GAiks) 7150 st AP ED (xanthophyll)9] 3tol
-2 WA ZF(Dunaliella®t Chlamydomonas) &

i

- WA 2R Chlamydomonas)2) 3 A% ﬂ—o]}_ﬂ_ag] 2z
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sl

d
: I ! 9
a4
- O] FR3EZ (genomic DNA)E 47] A% &
2384 oo}
FAA ehol el M ool TP S
FAA golBe .
- - 4o] 253 kb & 30-45kb o|H e =
7% 9 ag ae o) ) o selneE T
7:];%], /H% @i}%/}j‘ - %7]/(1%@76]/ }—g—/ EL 7“ZHT7] —‘4';(6",%_‘ %?} %a@
U FRAAAE 24
= ] Q =
FHOA RS | e wagan 545 s 24
B2 " 2o
T ==X T = - = =
S g - SAEFY BAAE B4 2ARAA g2
-olRe #8894 12T F154 FA4e] 523
olRel 754 R | TR A4
24 S ARE Y INA R B 9 G0E AY
SARERAR olney TEI FAA HFu
2
(04) - AP Al Hold R thE NEY B
a=

AEd g, 22
2y, 7= 2%,
AEEd AA

ok AR2utED 89 (0DS, silica open coulmn,

HPLC, CCC%)< °]&% Ed&g

£37I(NMR, IR, UV, optical rotation, MS)E

23 72 B4
2e A9 B O AZSY, Bh

o1&

g

yd

As &3k A4

AYAER 22 2
a4 A%, AEEA
z2A}

2~2-1
LN g

A ZFEo] wE IBPso] A &<l

A AR AR U

ERE PIES ¥
uH A AHEST) vl

7% 2 Fusua
FHA 24, 29
f=

5 = R
2
- ©F 2000000 G PE= GAA AxpuE
EERY R
olAloN Thermococcus) A | - FAAIS] B4, 72 4
AL e - AEHAA BAe B FA4A 75 S
- MR KA 1EAS, B4 - ned ANEY, 184 f8 B B A
- FAAY ARAZE TE | SR 9 Vs BN 28
- fHA 4R DB % B8 AA TFH
o BIFAAY A n ]
7];‘:/“ -Long-Range PCR 7| & AMg-3l FA2ZF9
o mz%zaw%@ﬂ%ﬁ
- FAEF MEZE ) _ .
G B - HERAA el B E TESA S FESTE
e = H A ZF 93 G A A J1=2 A
_RURAR A B mkoq o) }el 71%e A4
- A% BE %A AR SATY 2 B8
5 |0 CIFel 7I5d R e |- g ol RlMe] 4gBY faA BEEY
B4
(05)
d= -ﬂ%%zﬂﬂﬂ%%@%&%%éﬂmﬂ

=2 dgee] % 54
AEA 5F ol &,
F=AH

=Y

o4 ddE SODE
Do B4=4,
up) vl

He

é

% (scale

LT D e
EE_,_,O.'N_,
8

RET AR
5529
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A28 =2 7eg I
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A =u e 3%
L1544 5@ vAE 47

5 —0—111, o2 E3| AEdE A7}

A AL oz FEAYEA} A
1% o ZAATFE Tl el AEAR

o]
5 A, 2001d5-E QEvAlo} A EE <
3}

T2

gustgla, ned oF 2 2 vAEagd A4 Al dPsiel Al EAd
gn g o] g7]E NEAYE T8l 2000de] ¥ JAMSTECO 35 @Al Zeolste] A
& 6000mH o] HAHEARE Fusln, A2AVAE 2 AEGGY @Y d7e
Pt

2. 231274 VABE FAA A5

SulelA YR Je MASFAA s A7t F2 BdAd nAE, AEE
Ae, AeHAA TAE, AFPIAE, @478 E St 2 A2 AY¥ Ve T

R TN YT ARHoR o]Fo|Am Y} Fo o
daAgTdTd, FdGdrIEd, KAST, dsiAed, 24d, S50, 2330
S), 2lal vte]eulAvE glow, o5 MAE FHA £A%HE Bidan vk U
ol B A7l g digel A dub Ad@GolA mAE A Aol A fHArele
w4 &gl WE Ayt *WHMEP 1614 FaeAe FAMYES Ao ¥
gato] Arg ol glom, sselA vAE #FE Fdel EAYELY Ayt @
Fer) e, Aad, el 2 631212 ATt

AP BE4S o8 ATE, AAE BLATS U 59 NEAEA

o)Fslal 9 AAow 53] DNA-polymerase:s Wl A& F2E 709 ~ 100 o F%
2 FAHY, o]F 80% ool 25 3]ALe] polymerase®l o3 % '3}31 AE AAolT

] BTEoFe] 4F& 53 W F o] NA-polymerase =] Al ;5} TR OES wWE Jgo] o
oAX o rt wEb QLA NI o] 5 o] &3 e A RS AFE T
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Aol suzA @Al FUAE Azl AE FEE ol gae SEAon Poas
ATITEL QA AR AR x4 R, A A=, A4 AL AF= A
Fo] ZrAolFa & 4 glrh

4. =

2

g7 T2

b
A

FEY F3AA $4, FARL Fu

SARE i A7E 25 A BH A7 F2 FIs gten A

Ab BRI Rk gig At pEF oz ool ATk P A”e At B

gto] ZLgo] vhaFe] EPASH DHAE $Hisha el wtazlow, &= Hreaolel A

DNA a7 AAHGY. =3, &= g 298Aefd {44 d57F A=s
71 gk 2ed, FA2 AR §AAE dPor At {FE&HHAE ALste

AFE o] FXA efskon, Ax AT I AAFHA &gk H dxASATd F

A FAATF 27 AEE (20049 7€) FUl FAAF] S}, FERE AEA

=
A7t dddn. SAATAE 200497 =4 vAzRE 85l AYEAENEdS

Mt A4s FPdstn Jdon, 20060 5EHE 29 P-Scienced Al&Fste] =4 A
54 2 Asd AE A8 Bu 45407 Fgstn vk @9, sEvEs 35 A
FTHAIA G HE5 AR AE ek o] FAAE AT Jd=zgut 75

of gtk 20089l Aol AxD oFelofH FAME AT BS sy 2
o2 oA

FTHFAAGLAANE S FLEANAEN A, 29EZ, A5, 039
218 cDNAZ A #sla EST(Expressed Sequence Tag) dlo]Ejulo]|~E =
w, WA F, AEF, F/, olF, WolfF, 57 B dolF9 KA EA
o] o]FojA 3 Yrt. FAY TG A= Abe FHAY AVIAALD AR V)%
o F& FHA Ao A AUt AP vk ® FEUstaE v £ 29

TELE oJFE ZAPER ol§37] 9 AT L HEF Y79 AAFE HESV AT
il =

ofr
ol
3 N

2

Ar
dnox

e
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2] Al w| A EQl Bacillus halodurans C-125¢] 7

.

Row, 2004 129 HA 20

zol

s

o) 8

4

Z

R

3]

Al
T
o

i

Hyperthermophilic archaea
(e}

genome project 7}

7% A ©)

g 8hE A Fesha

i

o

£ 0

ol a4 Ut
Az o7

014

=

=
o
<

Al

=]

s

wko
2

1w
dE AT

1o}
gl

o)

2]
o & a1

HAE el SlolAl 7]
&

1

g}

off %

o} 2y

o
(<23
w

=

kel MES A7}

57

2 A

o =

a7

A

1 SHAet A

=

A% A4 e e

N

atol 7]

W A=l )

3 A=A &3

9|

=

S

AE Eoke] AF7hEol

gl
50
T

ok

|
gl

il

_60_
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et d DNA $FELE AHE3HE PCRE, 99d 2§z AeA Fa3

711 & 3}37— 913D1, A W AESt 8 FokelA  Abgo] Hrh 507 o]/
ar S EFE o2 7hA AEARYTH 28

Ak HI, dwFo g AEEHE Tag THEA KB ZEZZE Y (proof reading) A4
Tol 71x3ted PCReA £2 FHAE(fidelity) s 7HA7] wi&el, nsdAd AT
(Pyrococcus$t Thermococcus) ZH€1¢] B #l2 2] DNA S¢as7t A A& 2
Ak =l FALY FoAE S DNA A% 2 (elongation ability) wjiol] 7]Alo]
a7 o =3 AA DNA THaEAE vTAFoA $2600]7301H, 20094 ol &=
$370FFo]l HROR dAEo B EAAFoRE Z AGS IS vk webA
AAA A o2 Merck, Invitrogen, Qiagen, NEB, Roche's-2] A% &8t #¢l 3JAlEo] AA
o2 DNA FTHEA Mofd w=8e AFsta Jom, AFAFES &7 A%

7 st gk

ﬂ

f

)

i

A]

db
k

Y. 153494 DNA ligase

DNA g 7FAIEC 65.1.1 2 EC 65.1.2)+ °]Fusd DNACA w@d7iche] o
] 5/ -QlAkR 3 -Btol =5 A Y] kg AAAY, FEAQ ddrtE EE EWE(blunt)
g4 AL de T BAE AdAAG o]d 7lEeo] DNA EAl, Axg, B FA
(Lehman 1974, Jessberger 1991, Li 1984, Wood 1983)°ll A wij-¢- % &.3lc}. DNA & 7}o}
e Bl 2EAE o7 serbd et FAY OF50% etk ATPE 278
% (Kletzin, 1992) @ NAD'ES Q2 -F3lE & (Thorbjarnardottir 1995)¢] 9t} =& &
Aol ATP-9]#% Z1& (Kletzin 1992) =+ NAD™ ¢/& % Z1F (Thorbjarnardottir 1995)
ol AFEA. WM FE(Johnsosn 1997, Robins 1996, Knopf 1977), ®}o] 2] 2 (odell
1996, Parks 1994), 2 uld| 2] @ 3}o} %] (Coherty 1996, Knopf 1977)7} ATP-9]&4 4%
ZFA a2 Qurh. Ao Alf o 2R E 9 o2 71%] DNA @ 7}olAl(Ishino 1986, Takahashi
1984, Thorbjarnardottir 1995)7} Z& A2 NAD & o] &3tl= 2SS Bt AE A
3 AIYD At o R RE 9] DNA gl7bobAl= 719 &eix] JA &rh. e 2ol 4t
A g atolAlZt 394 AT mRE dExlth (Sriskanda 2000). Methanobacteium

thermoautotrophicum AH (Sriskanda 2000), Pyrococcus abysii

(http://www.genescope.cns.fr/pab/)  Archacoglobus  filgidus  (Klenk  1997), %
Methanococcus jannaschii (Bult 1996) 0. & F-E]¢] DNA @ 7}olAlo] thdk B a7} AT

= ATP &7 ol AS Yt th(Kletzin 1992). 18U, Thermococcusol <3}
= ZAT rlokAlE olvl: ZEAEA NAD 2 ATP E5E 278 Rolgty ®Hu
= ¢tk (Nakatani et al. 2000; Rolland et al. 2004)
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g} o] Al o] A (ligation) %@. 2> @d wFEHSE = ¥ A (single nucleotide
polymorphism; SNP)S ZAAsl=d| o] %<l Wo] gt} ze]a Aot 2 DNA 2| 7}o}A
= gY-drl fH Z3s FF 9 AEs7] 98 #rlelAl A3 whE(Ligase chain

reaction; LCR)9] &4l A #-o|th(Barany 1991).

. Z2d(prolyl) & LHE tholA|

Z2(Prolyl) 22 EthobA(POP, EC 34.21.26)2 =Z2d dn
(prolyl endopeptidase; PEP)2tx Ezv oz Z7]o] C-dto| e ZE5-¥3 )
ol=o] JhpRalE AEst: Taoth(Wilk 1983). Zv Edtoloj=o] Ao Wi &
Z gzl EYA e Audl gdeets gde] gl e Ald e thobA &
o] &3 (Clan SC, AL S9), o] EFolle vRE D FEthotA]l IV, ofaoln] o}
eI tobAl, 2 Sl uMEtholA] B7F 43kt (Rawlings and Barret 1994; Rawling et
1994). ol& &E&E HA o 30 ofbvjx=At 7] o]ste] VAL AdEstn ddstes W
aL gleh sliA e POPel 274 72 B o] EdWol fFEAE o/B-stel =& Tt
A HE thobAl =wllE ZFAa 9lar, oA FHul Eeholo] =(Serbbd, Aspbal,
His680)2 5473 p-Zz=delo] $4 Bl o&x 98 A oA 2 +x9 3
ol =5 wjAA7l= AR g A7 BH2A Z-&ITH(Fulop et al, 2000; Fulop
et al. 2001; Polar 2002; Szeltner 2000).

o] ZEA-Fol¥ aiE A, TAT, FFo], E F AE HWA FEH
A THHarwood et al. 1997; Kabashima et al. 1998; Rennex et al. 1991; Yoshimoto et al.
1980; Yoshimoto et al. 1991). <j#7ie] POPe #E, =Y, olF Ld

Ju =

= m“i

tlo
ok

ot
—~

]
4
3)

A=

mZ:

lo,

Flavobacterium meningosepticum (Yoshimoto et al. 1980), Sphingomonas capsulate
(Kabashima et al. 1998), Aeromonas hydrophila (Kanatani et al. 1993), = #]¢]
(Rennex et all991) ¥ <A7te] T-Y XS (Vanhoof et al. 1994)el A R E At o] 3-&
%% (Yoshimoto et al. 1987), &% (Maes et al. 1994), ¥ ¥=3}o]w H(Shinoda
et al. 1997) #¥rolz} Felol= s 2 B FERIEI) =S Ao H 3 (Wik 1983)

L ol Aolth. o5 POPE Add #HAdA FaF wvtolzt At 9 <l
Hgo A st FAAS 7FA 1 JtH(Diefenthal et al. 1993). w2 A A= E
totAl7t ZEY 715 JhEEaatA] eyl wiel, TEU-Sol¥ dild Raaire
o g 2FF(coeliac sprue) H Y] Al FojAHom & ATIA, FHAHoR 3
T4 AbFel A HGARS doyus Auld doldds E, o 4 HIEREHY ZE

-5 FFH] Lstdd Aol AgelAM Fastth(Sollid 2002). o9k 22 =
HEtel=e] POP-Fuj @AW &= o5 AAE FAs7] A ArAJTG
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(Hausch et al. 2002; Shan et al. 2002).

2. otrl=HE A P

obr = ElthAl P (APP; X-Pro ofvl:=glEjtial EC 34.119)= ddtelA + W
A 717 ZEA(proline)?] FEEEHEH N-EWo] ofniibs Al A= e tholA <]
t}. APP9| Eo|A & zte= @47l A0 7 Escherichia coiZ%8 AA|E ol 2, APP
= AT, A R 2R R[] A4S XFete AT AEYoERY 540 &
ME Tk Aol A 9] APPO < APPE =&
el g AAd 2 =4 P S

re wusA 9w

o
Ac)
Of
o
2
2

5

S i,

! Eﬂﬂ?]b(bradykinin) 2o AEsH oz Aol 3l

© Aetol=e] -l #do] glnh AES¢] lactococcal TFE 1‘?—1‘1194 APPE= 3 E}o]

=& &Fdlate] ol A= vHe wEsted #AFo RN Xz AEHAA Luhs

A 7ldets Aer Rusddt. adu, dA7A aAd £ Ili%“é Al =5
Ele] APPSOl A g Bt firh

", 2 EA e thobA] (CP)4:7A

FHEEA R E tobAl (CP)e ZE|fEte] =9 C-2eto] 2hg3to] Tl ofw it
= thol P Elo] E(dipeptide) S WETE FFE2EAIFE|TolAl= Al 9] FE|LE R Y=m
T Atk A7 Zae &4 FRolA ofueAt Fre] A sz A T2 EAF
EjttolA|, WlgZILZ EAIFE vhobA], D Al 2=EQl 72 KA E]thol A o] T},

W27t 2 B A e tholAl = 159 &40 2719 w4 o] a7HE Aol &
Aoltk  FEvhobAdl siEEl M32¢l &abE AAAA stEEAHETeAl 1 (EC
341719% HEXXH #% ZA3 RE|ZE st o v vEzZ e tholA ohe
dEnh o] sie] A gt RAfETeA] I s e A AEA = ﬂ‘ﬂ?f,
Al 2 AL Ax yeldt}h o5 Foll, Thermus aquaticus(7} 25X 3 E| thol A
Taq), T. thermophilus 2 31384 AT Pyrococcus fiuriosusS 5 & A 79 4
AAH FtEEAIFE olAZE EE]H I, 540l ATHAT dAAH T2 EAHE
oAl 12 HA %7 80-100TAA w4 detg=l Ao defxich EA o g =2
HA 2xe 747 HAH&=7t 60 W 8 CEA, Alit Thermoactinomyces vulgaris 2 il
Mt Sulfolobus solfataricus= 58 E2]= ol & L2 EAFE| oAl S AlA] Rl
At

Ay ERAREol [ He /14 Sol4e nad. g ol P,

furiosus 7+E2E-AME|tholA| = C-Hekol Gly, Pro T+ 2H4 Z71(Asp 2 Glw)S 7HA
= JEol=s BEEE Ea A, C- dwe A4, BgHA, S 9 FA ol Ak

_63_

Al E vk FtEEAIE oAl Tagd A $-dl= ProE Alflsta, C-2we] $4, 9
714, R AV ohul A Ralste], 1 Alel= A9l b obplwalE 1Y mEA R
sk,

WS dEzeRARdelde 4ed q@e ok gAAA skt =
Fil EEstEEA g ol 2 RAPE ol A R Bel ol¢ 25He) w
A @l A AERAME ol Al N 2% A Aveobalel o 4B 4 Aeh
oJEe) H%3} Lo ERF wuARe BAol o 274X vt ABEA FHolA F
2% 4T Wk BW FY Ee A9 Aeel= Mol W P, furiosus T2 HA A
grtobAlel We Holge, mEARIA Holt Hold MY F APel s,

3 AAE 2ok 19 e /1 5

dol Aol S T Ao

C-2g AE AANA F&3trh N-okAdE-dd 71d& o] &3], P.
furiosus 72 EAFE|thol A 7} Leu, Val, Phe, Tyr, Ser ¥ His Z7]& WX WYHA C-&
doRRE TH 7|AA MEdE ARE 5 Sdrh

o] e whulz ol

vk WE L ojr = E A

e e d ofbn = PE ThA (MetAP; EC 34.11.18)= W= &= W2oz A4
Z719] EYFEto|= AR EEH N-28 vged 379 74 A7t 7hed =

53 T/ ZEHoAE UEtdth oA AHAE H IAHAE RTFA TAEH=
LA EAske Aaold, Ve 24, AEW BAY 2 dwld A dAE N-
g HES 98k Fa3% §4o|th(Bradshaw et al., 1998; Lowther and Matthews, 2000;
Prchal et al., 1986, Varshavsky, 1997).

e dE 9 dxgol ZA dolete 7]x3to] MetAP: F 7HA fFH o= 1}
Flof A 2 I #3), I F3 il C-2d Z=q1Ql W Add, 7150l 44
A A e F7be] 62 ofn Al YAE MEEMlo] Ath(Afrin et al, 1995). AL &
A1 % MetAP %H& ztom uAwe o4 II F3vS zteth oohs gxdoz
AAEL T 78 2 I 3 MetAPe & ttE Z+=th(Bradshaw et al, 1998).

NA/AFAZA 716 Zox Holi, dhild-chald g -DNA = ol
A-RNA 5285 Fato glidg e 2 AXY s9xtel FstsE N-gd =9l
e BEANGH-FE a) v EAGEH-FE b)oll gste] ojd a4Eo] tsy #
35 ozt E coli (Roderick and Mattews, 1993) 2 Staphyiococcus aureus(Oefner et
al, 2003)e.2 FE 9 Ia 38 MetAP, Pyrococcus firious(Tahirov et al., 1998)§:BE1
9] Ila #38 MetAP % Homo sapiens(Liu et al., 1998)2FE <] IIb #38 MetAP &
el oJste]l 54l HA, F UHe] F&ol2e dAA BHEWH I7I(F A

=3

do

P
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of FFEA, F Y ok=2RELL, 3 e sl2Ed 9 F e & Bt v Z s
of e At S =udds Eddats Ao® BAtH(Lowther et al, 1999).

139 BAFAAE P furiousz5-E @3k e] MetAP7 28 =9, Ashst
Hog EAol FHEAtHTsunasawa et al, 1997). Thermococcaceae 3ol 431
Thermococcus B Pyrococcus T3 9 ES A A 257t 433 dEdE 273k,
Ax 7], 344 4%, F34249] F, GC % 2L B2 Aw 5AS 3522 /HAx

A tH(Fukui et al., 2005).

Thermococcus spp.ZFE 9 HEE 2528 Pyrococcus spp.E2HE 9 4%
o gl gk 25 W HAHLEE Ued= Ao e, AL ofnfx F £o]

Fr F somnEe wuAs 1o Asatd Aot AT wude] ANy /14
odalat: BAE ATE & Yo Aol gajo] A = 5L HAHew
stol W % glt}
A AEEHEL

AEe Baee Gak e $R9 nARd 2¥an 9w, A%, AF LI

AA, F2 D FH Y, TR FeEn ol A, okt #4358 e He
Hoke] AdH H Lo o]&x 1 dui(Pandey et al, 2000; Vihinen et al, 1989). =X,
% AR o]§ 7|d FolA L pH WA FAHo] AAlHoA sz Hold A&l
oA HAg gao =2 277 vk 80790T ol A 510111% Ao g3l 8l Az
Aol AAA, a7t T2oA AHAY Hart ek wiel, g B At B4
7F dastdnt. Gt ofYg nsdEAY EhE WA g 28 gl
gt Aqgd wiEel fEsd 5 Utk a-ofdTiolAlE X dUAAA ofdEo~

wal Eae T4 Bacillus sp, 2GS AT 2 AAAFNA RuH Ao
(Brown and Kelly 1993; Chung et al., 1995; Dong et al., 1997; Frillingos et al. 2000;
Morgan and Priest, 1981; Tachibana et al, 1996). 15 WHEL ojn| =2t 454
71 Zx3te], 2824 dtol=ZgtolA]l A 13 (Henrissat, 1991)el &3t} o] F+e H)
AL ME FAAE S AT, o] A Zuje] 9 FEe] (o/Bs-wlE T x
7FA 2 9 th(van der Maarel et al., 2002). &3 &4 9] Aol x Ad3}e] 3t
a3 7ol BtE7] 98t 83 EA4o Aol 49 MAAS FAAA & Ak

AukA el AR 2 2 Ao odF whHol 3o g

My

ofy

a-opdetobAl, a-
=73 ]‘;}O]'Zﬂ %—Eﬁ%o}?ﬂ](pullanase) 2 AZFZUAEg oA o AE-EI e
B4E VI JEE BTk
4. SARR FHFFEY A Y, AL =
SAgE nRF @Az gl AYAdud EopelA 10d ol ATE F

FFE ol o]E AekA] ZeHA FomA FEA
w2 (antifreeze protein)< =AW o]

(DeVries, 1971), §74¢] v¥d EAFEJAE LA} (Duman,

ice—affinity chromato-graphy WHo] 7jitEo] 25k 7= dd A=

vete A" A/F Proteino] 2=
Z38te] arbol dAwhstz ok (oF 1200%HY/1

A%
FoA Ag wan o

o

FI4EY AT

=z

7 7.

].

Ll

Ol'

e

1977, 200D). #H<,

5,_.,_ ﬁﬂ] B]—x] paal

Sol L °‘EP (Marshall, 2004). 2 ¥A =4 A7) 3 o 23, Jeujoh

wES A7bAS e oA SRR oy WEYF AFe] AAAZAE g

Aol FEAdol =L 17te H}O]E’_iﬂ]i H7E 1l (Fletcher et al., 2001). o] #oF #
A
T

24 WFEAsE ARE 3 AR g dAe B X2

A7 =gE FdA3 AEA] A9Ad =4 (Huang, 2002) 5 °
a2 2003wl “Polar Biology in the Genomic Era” (NRC,
2 8 Hz Ao FQAS FEsHA o]

23 ATASL 20049 “GF Aol 3o}

ok 54w BA, AAsh v agvsiel ga 24 A% g

LAY

S RO

s A
A+ L2 (Evolution and Biodiversity in the Antarctic,
A3 AF3ta ATFE AT (SCAR report, 2005). EBA F5d T2
AeA AES oz st AETGY 24, AdA 5

) —1%

4 (Liou et

o
=

Ho

rLE

2003) XA E
g A9e @
g ol e

EBA)S =73

&

2 o

o we A% Sol

& BAGFANT

olojd oot ATAA AEAMBiome) NelH FH A o] Foin el e}
Aed e H4e muw BAGoR Ao #3Mstd Wgae B
B ARA, ARA FEAA FAHoR oldsiA @ Aotk o] AP

A9E BET + 9= /1% AR FHE Aol



SARES] A2BA o Aelssts A= =R fF9, dAor #3a a

e TAHoE g O]:?’— A Atk AN BAAE FHA BAFe] W)

+EFA FHAE 2d Ae], oA dAb #¥ &4(DH, MDH %)° @43 7%

F =852 2lew (Somero, 2004, 2005), 3+Ho = =

A AAFY 99 TFAYY TH T AEA FFEY dFE FIHL JY
(Wierzbicki et al, 2005).

AL a2 SAAEANM dRHes 287ted o 242 5
=
=

o SR FAA BAS Fohel FTANE 2 )
uaes A/t AYHoR AUk 9, T, B, SR, 0)F 5 ALTRY o

gl AA 24A1%S Austa 9= Novozyme(¥wF=L)3} Genencor International(v] =)

S 22 7ol W 2RAAME Z4go] Hold aAdWAS Y] 9F gL ATE
st vk A2@AdY] G AR EA, AdEEL, sEEstEL T AA @ 2
2%, AR, AR 2 98 gl Z84o] mom JHAE AAY HIMAEAE d o
ST FSAEY Aoiak @ oAb B2 dig AT s v, A5, wr)d),
Z olHEE AR o] Folxth

o =& British Antarctic Surveyol A BIOFLAMEO] - Z2a9s A AEE
Al Polar Genomics 932FS /Hst= 5 SABEY] FAA-FH= ?i‘?% A= A

Atz doew, v AR A A A S A (National Human Genome Research
Institute, NHGRDZF 4ol Heol w53 oixd oF9 FHAE 243871 A3
Chaenocephalus aceratus (icefish)¢ Notothenia coriiceps (rockcod)2] BAC go] B &
g AS Adstr] Als AT, % HE o] FAAES ok AFE Ase
HA FA24 AR E4&FAA A e A5 WPsta gt

5. FEVEH F8HAT Fu

% Abe] (medaka) 2 o (puffer fish)e] Fa] e 3 A7 s o
databaseE® Tt on, RAAER &5ty 9T A7 g Fusirh HEe Al
$-(black tiger shrimp) FdA &4 #d A77F 718 Adozw A 49 digte] 4
Adte] s 3 gtk
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o FH7be wEoln ¥
g 7te] gk HofmAl 3
2] D}. v A S FAEFH AED A digh
71 Abse] NCIB 9] 71#e] eJste] F2 AL Uk o5 AA
AFHe st AEd MEATFE AFH FAT Wk ol o it 2 Wk
Zote] FEATE FHASA Fdstn vk T AFLFe] AN, MR AT
2 e MubAl FAge AR Folsti
R NIHE 1990 d ol Philippine'd Cebuidell <) 7] A £
sto AMEjsd ol AAske HFBEALL AR GHel olF tdoeR ANEA
o

o2 ot ¥ oE R

A
TE F7NHog2 Fygsta Ja, NCl= A AAle]l A48k 360000 % - slde] 5 -
&3} v A& t)3 screening programs X33 vl gl

Ao g AAEATE W Ee FAE TS A= 1RANFEH F2 AR F
Tate] FaE I dom As|EH, FHFE, B Fo FAAA Adsta

al S
FToIARZE %"‘_*é"ﬂ" = EYAERYH 17 AEEEAE °4:rL7H”V A E +
gatdar, #sr
Technology Center, JAMSTEC% THoE A mA=Y AAH olf, wHFAE
Aol gl el A7& At 283t % Marine Frontier Project 5 3l °“§?i—rﬂ
F&EAE MEsted #Hofsts T8 AAE FHstL vk A AT A ¢
A1 1988 2471 Wizk71de] Astste] Mg S S E T8 T 2 (Marine Blotechnology
Institute Co, MBI) 5°] o tq 53] I ETTATFLE 1988 H-E “Fine Chemicals
from Marine Organisms” ZE2I1#S E3lo] U EZd Ao 24 Fods gt
HArjolo] YA E Fall &= A A= #3 o7hdlv] S5 branch 4+she
Pacific Institute for Bioorganic Chemistry(PIBOC)dl A F=3}lal it} o] 52 t}3lk 3
FAE Az AFE Slete] dul B ST A= AFel7tA d9S HWaEl v 9
F3E 19700 8 Ad ohE A Aer]19d9 Hoffman La RocheZt AAl Hx=
A AT LE AYste] SSHAE AFE A dFoR vx, &, olH et tl=o
z719 AFHAAE dAFE FEI Zlelth 1980dd ¥ oF AR “New
Investment Promotion Program”¢] <dgoz Ayt FAIEHYn, FF dFa9d
Australian Institute of Marine Sciences(AIMS)7} A& o] A7F uf§- Fabsic}, & &
A Fsr ok H3l¥l AIMSE D‘_:A'rﬂldrgl A=A AL st A=l At g
ASEAN =7k 7b2] x1&38te] Aeldd A543 7154 FE&E4d g A+E F43)

i gheh
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A1 22y nYE Hu

L. 47 A5 2 99

7k AE AF

2 Agd AMEE HAE AsE 20029 MUFEY T DA Z2aRs
3 gFobwrIve] PACMANUS @47 #9(03°44'S, 151°40E; 1650m) %
TTFAEAE A7) (multiple corer)E ©]&3te] AHAT AHAT HAELS dFolA
B} & anaerobic chamberdl %71 & 3712 ZoA 20 weoll BE AFaF7t S
= 25ml-serum bottle(No/CO; EF7F2=2 919 TS ADel 4k Al &
butyl rubber® WH Pl A|F7F E0]9E serum bottlee AN ZuLA #F

22 A9L 87 flskel 4Tol W et

nm
>
ll
oft
:(g
o

=4

grE Alae 44 1/1, 1710, 1/100 81438ke] 1 ml FA1E o] &3ke] 20 ml9
Yeast-Peptone-Sulfur (YPS)#]#] (Holden %, 2001)7} £9]9l& 25 ml-serum bottle
((N2/CO)EF7F2=E RE9 T0& APl w2 F 80TelA 347 wiFstdrh
ol = gret dnFgRzEa gkt YPS wiAlE NaCl 196 g, Na,SOs 33 g,
KCl1 05 g, KBr 0.05 g, H3BO3 0.02 g, MgCls - 6H,O 88 g2 3x &7/ 970 mlol] =<
t}2 100x Trace element solution (CuSO, - 5H-0; 0.01 g, ZnSO, - 7TH0; 0.1 g, CoCly +
6H20; 0.005 g, MnCl, - 4H,O; 0.2 g, Na:MoO, - 2Hz0; 0.1 g, KBr; 0.05 g, KI; 0.05 g,
Hs;BOs50.1 g, NaF; 0.05 g, LiCl; 0.05 g, Alx(SO4)s 0.05 g, NiCl, - 6H:0; 0.01 g, VOSO
4+ 2HO; 0.005 g, HoWOy4 0.005 g, NaSeOs 0.005 g, SrCl - 6H20 ; 0.005 g, BaCly;
0.005 g per liter) 10 mf¢, 200x 1% CaCly - 2H:0 5 m(, 100x N-P &3 10 ml, 500x Fe
EDTA 2 ml, 0.1% resazurin (1000x) 1 mE #H7}ste] ©E g € ¥ Sulfur’l X3
H serum bottleo] MAE 20 mb EF3 thFelE AU §le FAVFAE purging®A]
capping< 33l reducing agent (5% NaoS - 9Hp)E 0.1 ml A FAZIE HolFo] AAS
2R3 AASAY. FFEYE 1% phytagel(Sigma)o] E°19E  YPS H#u|Ad &=
ko] 80 CollA 247 midatdnh. A48 dd FRUE TR
g ougxrAor &R 2 W A FYeddnh. e5Eee ¥FE serial dilution
WE S o] gato] AujAtelA Eelstdl o NAloleta W+ . =i E NALS
A7) Astz) skl AFAR7I7A wd & YEREAGOR 5%(v/v) dimethyl
sulfoxide(Sigma) ¥ ¥ -80 C 23} oh

_71_

o A9 A% =3

srEglE NA1Y HAFFLE 2712 YPS #iAo] 60-100C H{lA 5 T
A0 R &% 2o]E Fo spectrophotometer (UV-2401PC, Shimadzu)ZE ©]-&3ke] 600
nmell Al OD(optical density)& A1ZFth M2 ZA43 it FAlo wFdS NaCl (30%),
formalin (2.5%), 4'-6-diamidino-2-phenlyindole (0.01%)°] Sl "t Fo 3243}
black polycarbonate membrane filters (pore size, 0.2 um; Whatman)Z o33 3
phase-contrast @] 4o 2 AX FZ A3 o ABBATAS ol Zo] 3 F
A& 5 Axkele] A A 8 tHZeiss Axioplan; Porter & Feig, 1980).
cells ml™? = 9.2 x 108 x OD g0 (n=7, r* = 0.99)

)

A7 pHE YPSHIA| el sigma buffer[pH 3.5-4.5, no buffer; pH 5.0 - 6.0,
MES; pH 6.5 - 7.0, PIPES; pH 7.5 -85, HEPES; and pH 9.0 - 10.0, no buffer]Z pHel
ue} HFEErt 47 20 mMel HEE Yo FUoh HAHAF NaCl %+ YPS vl
Aol pHE 852 ZH3 4 NaCl %7t 0-6%7F A o5, A=A pHeY
Nac1°1 Wé% HAAAG L=A4 Wy g Fdgon BE AFAGEA 4

% BAFaTEA
t}okdl 7] d o] & == yeast®} peptoneo] A A E L 1%(v/v) vitamin solution®o] &
7he YPS iAol HARIwWIRAoR FAIATE. 71He]8%E FANA  starch,
maltose, gelatin, glycogen, sucrose, cellobiose, xylose, lactose 7]&& FHFF =7}
05%(w/v)7}F === Yol om  vyeast extract, peptone, tryptone, casein, beef
extract, casamino acids, succinate, propionate, pyruvate, acetate 7]Z & FHZFEH =7}
02%(w/v)H =% A7tk F719% A4S HAwA YPS (yveast®t peptonee] A7,
1% (v/v) vitamin solution H7hel Fd& ©@AYP o2 Hy/CO, (80:20, 200 kPa) E3+7}
25 4ol & 3 HAARGxAAA wgstHA glatqdet. 2070 &3 ofw] Akl A%
S FAdtr9fste] 2074 ofm At 42k 2 mMe] HEE Sko] o 3A| (pore size, 0.22
pm; Whatman)E o] -&3to] Hitdh thg 24zhe] opv|=4hs H AR YPSel| HF5=E7)
02 mMeo] HEFE o] &3t ofnihs whE g ARG A wgstHA Eelst
%t} Elemental sulfur®] S7%i YPS #lA| ¢} sulfurs 94 %2 YP A& e o
HAAY G W FeAA Zh v Ao BFRFO Fls Tl Al B

o] thE ARFEEA ALERFFE #2379 8 elemental sulfur Al cystine (10 %),

r:L n\
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polysulfide (10 mM), sodium thiosulfate (10 mM), sodium sulfate (20 mM), and
sodium sulfite (3 mM) wHAIde] FA}3FA Tl chloramphenicol, ampicillin, kanamycin,
vancomycin, streptomycin, 22| 3L rifampicin®ll 3 A A sensitivity 4> ZF IA
AE 150 ug/ml FEZ sto] HHAFzAAA wlgea] Fasg T. celer (Zillig
et al., 1983)¢} T. peptonophilus (Gonzélez et al., 1995) ¥+ 80TColA &AA| 2] T &
& FHsIAEA FadFE AREsH T

. TP 54
AEF 9} &54S phase-contrast 1|7 (Zeiss Axioplan) 2.2 1000 Hi-& ol A

e

uh AAEv B #2 (SEM/TEM)

SEM(scanning electron microscope) @22 $3le] NAlWF+= A FAH 37714
Hjkst & JAREYIE FI FAE IS TS 2%(w/v) glutaraldehydeﬂ A7 A
phosphate-buffered saline (PBS, pH 7.5)<& o] 4TolA 2 AIZF &<k 1A § o3
2 d#ah qdBH qAAE AR dILFEESE TVMA dFAHEE AQ o

& critical-point dryer(SCD040, Balzers)d*2 gold T®WS 3 F scanning electron

sl

microscope (JSM-840A; Jeo)® #2&lAth. TEM(transmission electron microscope)3
ZE& st NAl#FE AFAZZIAA wdd & wdd 500 plg 25%(w/v)
glutaraldehyde”} % 7}¥l phosphate-buffered saline (PBS, pH 7.5)% ¥o] 4 CTolA 2 A
7t 1A% ¥  Formvar/carbon-coated grid (300 mesh)ell 3 W&& ° &+ thg 2 %
phosphotungstic acid (w/v)2 A&ttt TEM #z-& JEM 1010 electron microscope
(Jeo) & o] &35t

AL 16S rDNAY @71 EZA I ATEA
Genomic DNA+ Godfroy 59(1997) WS o] &3led AAr} 16S rDNAS F

7We] archaeal primer: Arch2lF (5'-TTCCGGTTGATCCYGCCGG-3")¢t Archl492R
(5'-GGTTACCTTGTTACGACTT-3"; Delong, 1992)A}8% #19]38l+> Sohn 5 2] (2004)
WS o] g3le] At PCR A& pGEM T-easy vector (Promega) kit® #| A2
el wet S22y sdon F2YHE PCR AHE9 9714924 S BigDye terminator
cycle sequencing kit (PE Applied Biosystems)9t ABI PRISM 3100 Genetic Analyzer
Q71X E (Applied Biosystems)E ©]€3}% k. 16r DNA 9o F& TWHES
Arch533F(5'-GTGCCAGCAGCCGCGGTAA-3") ¢t Arch958R (5'-YCCGGCGTTGAMTC
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CATTT-3") primerg ©o]-&3te] 71L& A5 165 tDNAQ Alg&A e {FHx
o driMdge] AAHE HFELS VA9 HE T2 clustal W(Thompson et al,
1997)& o] gsted 443 & PHYDIT(Chun, 1995)%PAUP* 4.0(Swofford, 1998)Z =1
WS o] g3te] 7 AsAol B2 FudFo pairwise alignment3dte] A @3IACE AE
=2 27198 Evolutionary distance matrices¥ Juke and Cantor(1969),

Fitch-Margoliash method(Fitch and Margoliash, 1967)& A}-83}$21 Tree algorithm

< Neighbor-Joining(Saitou and Nei, 1987), maximum-parsimony(Fitch, 1972) and

maximum-likelihood(Felsenstein, 1993)& o]&3ldth. 18 ABEE  Bootstrap
analysis(Felsenstein, 1985) resamplings 1,000 $33}o] Z}7zbo] clade AAEE &<l
sttt

o}. G+C %mol33 DNA-DNA hybridization

G+C %mol %2 Mandel 5(1970) 3} Marmur 5(1962)2] melting temperature®
o2 ZAA39 2 DNA-DNA hybridization &= De Ley 5 (1970)2] WHo 2 =33}
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g Wel dmA By Adeds
F W& NAlolgtx gt} 80 Tol
2

B
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=
2
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o
£
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. AxgHe 254 € AAEAEF
NAl12 polar flagella ©]-&3le] £5A4E 7HAH, AZare ggFdoz 0594
1.0 um ztE T3 o]} (Figure 3-1-1).

o 9 A% =3

NAl #5E5 HAAFXEE 80 T (63-90C, AS% ¥H9)), HHAS pHE 85
(5.0-9.0, A5pH BeolH, HHAS NaCl §=% 35% (1.0-5.0%, A5 NaCl H$))o]
tH(Figure 3-1-2).

Tl g AN = et ek A7) EA = elemental sulfur
=S elemental sulfur+4= At FeEd NAITF theE AAFEA ALE
F3= g7 Ys] elemental sulfur ™Al cystine (10 %), polysulfide (10 mM),
sodium thiosulfate (10 mM), sodium sulfate (20 mM), and sodium sulfite (3 mM)X 7}
g WA AeA ek e 20709 obn=Ate] 0.2 mMo] FREVF HEE A
7Fet YPS HAm| Aol A= AFEA &=tk NAl &5 chloramphenicol, ampicillin,
kanamycin, vancomycin, streptomycin —L2] 3l rifampicin®} #-& Aol A dAlo] ik
71d 7% FAl] NA1S beef extract, casein, peptone, tryptone, yeast extract, —L2] il
starch®} 72 7]Ho| A= AA3A T maltose, lactose, sucrose, cellobiose, xylose,
gelatin, glycogen, casamino acids, acetate, succinate, propionate, ~L&] I pyruvateo] A &=
AFEA etk NALY ASH o2 7 Thermococcus Fat9ke] Aeld 579

Hl 3= Table 3-1-1¢ £.°F3}3 T}

ut. 16S rDNAS G71XA 8243 AFTEH
NA1®] 16S rDNA 2 F 1457 bp d71Xdel ZA YUY A7 23 &
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2l¥l NAl ¥F+=  Thermococcus 40| 3t A2 YeElyth(Figure 3-1-3). 16S
DNA 7148 S EU=E A4S 3 43 NAl T gorgonarius (997 %), T.
kodakaraensis (99.5 %), T. peptonophilus (99.5 %) 12813l T, celer (994 %)} 714 =

& AEAe Yehn,

(a) (b)

NCIRF SEI 50KV X20,000

Figure 3-1-1. Electron micrographs of strain NA1': (a), scanning electron micrograph;
(b), transmission electron micrograph. Scale bar represents 1 ym in (a) and 0.5 ym in

(b).
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Figure 3-1-2. Effects of temperature, pH, and NaCl on growth of strain NA1™".
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Table 3-1-1. Physiological characteristics of strain NA1' and its phylogenetic
relatives. Strains: 1, NA1" 2, T gorgonarius (Miroshnichenko et al., 1998); 3, 7. celer
(Zillig et al, 1983) 4, 7. kodakarensis (Atomi et al, 2004); 5 7. peptonophilus
(Gonzalez et al., 1995). +, positive; -, negative; W, weak reaction; ND, not determined;

NR, not reported; R, required; S, stimulatory

Property 1 2 3 4

[o2}

Growth substrate

Casein + ND + ND +
Amino acids + - ND + -
Starch + - NR + -
Maltose - - NR + -
Pyruvate - W + + -
Sulfur requirement R R S R S
Rifampicin resistance + ND + ND -

Growth temperature (°C)

Range 63-90 68-95 =93 60-100 60-100

Optimum 80 80-88 33 85 85
NaCl concentration (%)

Range 1-5 1-5 ND 1-5 1-5
Optimum 35 2-35 4 3 3
pH

Range 5-9 5.8-85 NR 5-9 3-8
Optimum 85 6.5-72 5.8 6.5 6
G+C content (mol%) 52 50.6 56.6 52 52
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89 Thermocaceus hydrothermalis CNCM12197 (Z70244)

Thermococcus coalescans DSM 165387 (AB10T767)

Thermacoccus ceier DSM 24767 (M21529)

Thermococcus barogsii DSM 79535 (U76535)

NATT(DQ167232)

Thermacoceus gorgonrarivs JCW 105527 (ABD55123)
100

Themmococeus kodakarasnsis JCW 123807 (D38650)

98 | Themmacoceus pentonophiius JCM 96537 (ABO55125)

S Thermocaccus alcalphitus DSM 102227 (ABOSS121)
Tharmococeus barophilus DSM 118367 (AYD99172)

Tharmococcus chitonophagus DSM 101527 (X99570)

Pirococeus funiosus DS 36387 (LU20163)
0.01

Figure 3-1-3. Neighbor—joining tree based on nearly complete 16S rDNA sequences,
showing relationships between strain NA1' and closely related taxa of the genus
Thermococcus. Bootstrap percentage values higher than 50 % based on
neighbor-joining analyses of 1000 replications were included at nodes, and solid
circles indicate that corresponding nodes (groupings) were also recovered in
Fitch-Margoliash, maximum-parsimony, and maximum-likelihood trees. Bar, 0.01

nucleotide substitution per position.
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Hl. G+C %molz#t3¥} DNA-DNA hybridization

NA19] G+C %mol 2 52.0°1t}. 16S rDNAS] AZEAS EUZE 7M1 454
o] =& T gorgonarius, T. kodakaraensis (99.5 %), T. peptonophilus (99.5 %) 18] 1L
T celer (994 %)°l ths] DNA-DNA hybridizationd ZA ¥} reassociation ko] 2z+z};
26.4%(T. peptonophilus), 24.0%(T. gorgonarius), 155 %(T. celer) 183 68%(T.

kodakaraensis) & %A ¥ %1t}

3. 42

16S tDNA 9714 4E Ed&2 AlswA S 3 23 g% NALS Thermococcus 40| %
ste Aow Fdol AAHIYAT, FudFote] UF 52 FsAS Uehly] diEd &
2 E NALTFo] #/H3HA ﬂxli TR F AU WA B AT 165 A71A
g Aol NAL o dal =2 Fede 2= Fad59 DNA-DNA hybridization
ARE FdstF o 1 A3 70% o] w2 DNA-DNA reassociation #& ze A
< A T 5 ATk o9 £ AFE= Wayne T (1987)F Stackebrant®} Goebel

(1994)2] B oA 16S rDNA @7IAE s ol 97% o]’3°]A  DNA-DNA
reassociation %kl 70% o]dold FYUFOoE Fudri= EFSA Fo Ao wet &
2 NAlol vl & 16S rDNA @714 4E ZEAel & FadFe 994% ol w2 4
4S5 2Z-A % DNA-DNA reassociation #ke] 70% ©]std o2 Thermococcus 4ol Al
2 TAE u|gth g&ol, AFgH oz M NAL w59 7MW 1. gorgonariust
JejgH o2 NAlT Tl #ZE A &= protrusion (prostheca-like structure)1-F S
ZFA 2 o, Mg o TE T gorgonariuses &% olv] x4t} starchE 7] AR o]
S3HA] AR NAL #55 o] 7|[HES 5% o83l T gorgonarius® =A%
pH(PH65-72)% NAL w5 (pH 85)8th Stk v So] t& Faytsol oisiz A4
%9 pH7F NAL #F¢ 2ol d & zZE=th(Table 3-1-1). webx] A2 Aststsy 54

I FASHH BAS BEUdE BEE NALS Thermococcus S0 MEE FYS g &
T AAUT
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7}. Random shotgun library A%}

(1) Pure Culture

7V Fasty, 7HE &2Ed sl S1eH PAE AR 543 Mycoplasmadl
°ojgk 9% EAStooF drt Purity’t &4 A9 Fw38] culturedto] el DNA
prepS EuUlok &1 HA wjF A culture 3t 2EH2Z Qg EARe] {fiy
7bed A&

(2) Random Shearing

HOgk FANEE d F JAEE g A Fdste o1 AdE AR
ofof atH AT TAE o] §dt= WHETE Sonication = Shearing? 22 E#4 3
of o Wyel sbg AGIth dWHoR HS ARt EE AgUAE AMESHS

shearing 3} Zlo] 18 EX = E Ht).

(3) Sizing

e 2719 inserte] FHIZF wiS- FagH ol Witk AVIAMGE 4 F
assembly ¥}7 ol Mrepeat sequence, chimera sequence 5 A% s|Z2¢ 714 Fad 2
upE]7h @k o] ZRAEZ YsiME 2Kb libraryE FHste] a3k 2Kb 9+ 10Kb
insert®] A3 =7] 2AS Yl HAE 29 olAte] AL A<l gel purification ¥4
o] a3l o]w AZ over loading®] FoJUA RE= 3lH Agarose gel FollAe
ek wE v douesE dr] 45 x2S gyt 3o Fasith
(4) Cloning

Bias7} f9¥E Fgo] 7MF = @AEA X-galg o] &3 blue/white
selection A] insert?] expressiono] ZAH oz dojdo =z <ldte] oju] W& %= insert
o] AAel oléte] colony B Aol UElE 4 ATk = insert sequence’l W=
w] A EZo) toxicd A9 colony AAZF FAAHA e F Avh T Inserte] B L

2 A8 Vector7b ot kel HA A ko] Colony7b B4%A %at7|= gt w
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A olE Hujd oAlely] st X-gal % IPTGE ol834 eofo} ahul 7 el
cloning sited] LEZRWE 7} £A438t% ¢ cloning vectorE Al-&3&fo]oF 3} o] 3k ¢

cloning efficiency”’} #4138} & 4 =t ol vector®} insert’} ligation® HEW gel

purifiydle] transformations FaFFoZa =83t £ 9} 1A o] AL EEH
ligated recombinant DNAZ} vl%- A A dojf oz gk F&¢ library colonies titreE

A7) o]y L FAVF A2 F &2 & transformation efficiencyE =Y & U&= o)
QTHEY. dybH o7 electrophoration el 93t transformation ¥ FHo] &T-H
3+ transformation A = 8A o] F718 4= 9l=d E3| regeneration 37 o
A 1 Bgo] 7bF =tk wEbA transformatione] dwWkz Sl mA <l

74 olF SOB L LB wiAel o 1A% Bl wjeFe Sasa 2 Aol Eoh.

=
29
N
ofj
Ny
=
i
e

o

(5) Quality Control

2t mass sequencingell E17H hAIY assembly @Al WE &Rlo] JhEdt
ot wekA mass sequencing el ZhelBe{lol g A QC7F @ ook Ft
QCe wACNA 7} Fadt AL golv#gle FEA (redundancy)E A=A st A<
g Tz Add 38478 F2el e 4rIME BAE Fdste] HAT 90% ool
Sdd oz vhelok g o 10% ool FEEC W o|olgt: FEHE Fow u
st oA el ]S Al &ate]oF gt

W dTE 97144 24

(1) Colony picking & Cell culture

colony picking Al A& #}e] o3 9z2tE Fol7] Y3l vfAZA L GenetixAl9)
Q-bot A=W ©]-&38tH, °]= colony picking A€ F@AHE AT WAT 5 don,
Az A8 =S Y3ste] Applied Biosystems AFe] LIMS (Laboratory Information Manage
System)& ©]&3lo] MZ9 colony picking @A AHE LBH labeling Al 2~8S A

Srle ANew wyUEHPen ATk

(2) DNA extraction
DNA F&2& ¢4 A3

2E A 2wS o] &t FPTgory FAgd gk
AEZ quality zFolE FHAi3bsla o).
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(3) Sequencing
AR A dA 6ule] ABI 37308 HA3tal o (3F 35Mbe A7IAYE &

A F9), npa 2 A 9] sequencing quality= @A Phred score 16 ©]4S& 7|22 trim%

3]
] it 550bpel read lengthE Holil lom HF £ gdmd g7 AL A8 e+
99.99% ©]4+ (phred score 40 o]|AH) o 2A A MFE £+ FEAZ F I

t}. Contig assembly 2 Gap filling

(1) Contig assembly

FAE A9 JRE Phred T2 9J3le] base callingsS 433 o] %
Arachne Z 2138 o]83}9] contig assemblys Fa 3t} oju] Tz 1] 23 3A
da3 Fue garHsed e AFE ola ¢t Reporting Fdol Yo AidE] A

g3k oldl7l Hasdttl A E contig £ cosmid, phrap view 52 TZIWE ALE

ol

o] repeated sequence, chimera sequence 52 FAHS vt} A3 2z} clone £2
sequence mate AR 55 o] &3l contig £2 &£AE AAI A7 8] AAHE
contig E& o] Fo]A scaffold mapS &% gap filling GAIE FAEA Al Z o] @A
S Aedor nA7] Y @ assembly ZR2IAWE BT THo] ol 1
1A dAshE e dolHe Age ouE vletslal Consed, phrap view's < ©]
4, Z 394 o Zchimera sequence 5 ZAFH HARBE AAT = glojof 3}t o2 A

2% computer AH 9t 7 sHH YEFRI FEIHIF glojopdth

o
o
2

(2) Gap filling

AAE contig @ unitig o] £AHE AHH scaffold mapS g o= 77}l
contig % # oA PCR primerE tlAFeldte] A3 5 PCR #AHS AA o]
M9l contig =AM E #<lslal o]E PCR product?] 9714 E A& T3t 7 HE &
Aol o] Fojx A k& FEE At ¢H PCRel <93t iﬂ%’fl | A k= gape primer

& $A skl chromosome walking 59 WHS T2 H 433 gaps w2

Bl

ESEis

2}. ORF finding ¥ annotation : Bioinformatics

2 E Coding regions 7] a4 Glimmer, Gene Marke} 22 gene-finding
softwareE trainingAl A Al ARE3CE S fA] U ANRE V&9 dEd FHA o
7149 Ee g opresl 4G dolE o] 9k homologues HAE $3 VTS F

Ak o714 homologues A4 71EES oA AAsekel web ARE Fa4
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jas
s}

A Hypothetical protein®} unknown protein ©| a4 =
motif search® ©|&38t9 7]5& oAl F43t, vfazAde §FHdx 4534 75 27 &
FAI7171 918 AA E(too)S 7Nl o™, annotator7b A& 3 AAS T F UEFH

dolE & 2P interface’} 7}53stEE sH T

v}, Metabolic Pathway ¥4

Gene Annotation ZIE 7FA31 KEGG (Kyoto Encyclopedia of Genes and
Genomes) Site2] Metabolic pathway S 7] S 23t Thermococcus sp. NA12] Metabolic
pathway s A&l 212be] pathwaydE = 42 ARE wz FEIE £5 Excel® 4
o AT

Hl. Genome Browser T4

Thermococcus sp. NAl9l FHAR {FHAARE AT = Ad=s AHH
jdk1.5.0_02(Java Swing, 2D) A& o]&ste] FAJ gt} Database management®
MySQL Server 4.1& AF£3ttl Genome Browser?] AAWEo 2= FAx AW &g
Metabolic pathway 12|31 Zt7F FH2e] AEd A3 7l Ao 23E &<l 3

o -
T AES AAdE

il
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2. A3
7}. Whole Genome Sequencing2 ¢ ¥ library A%

(1) Random shotgun Library2] =2}

Hog FANEE =Y & UEF 3= WY F EYA] UHS Adste] 2kb
Shotgun Library9] 79 Nebulizers o] &3 WHoz st v A7AE &
A % assembly # ol A repeat sequence, chimera sequence 5 #4174 dZ2S 9 A
g3k 27]9 insertd FHIZF ul$ FToItEE AT 2H oo d45HQ gel
purification #74& a3t} o] F A Sizing¥ oI % InsertE-2 2kbel 7% pCR4-Blunt
TOPO Vector (InvitrogenAhH)oll Cloningdtith. F 702 Shotgun libraryE A 23l o™
Inserte] ZolE A3 A3} 2kb shotgun librarys ZHz; 1.973kb (stdev=439)¢} 1.692kb

(stdev=570) °] A cH(Figure 3-2-1).

(2) Cosmid Library2] #|2t

719 % A High Molecular Weight DNAZS 40kb Size® # ¥ 3 =% Random
Shearing3}al Pulse-Field Gel ElectrophoresisE ©]83F9] 40kb Insert® #&|3slal ol &
A phage®l 54<S o|&% Cosmid Librarys Al#stsict. WE 2= pWEBTNC
(Epicentre)E AF&3F31th Assembly 9] Cosmid®] Z o] 37.691kb(stdev=3.5)°] Atk
(Figure 3-2-2).

U WTE 9714 E £4

(1) Colony picking & Cell culture

colony picking A 2@zl &3t 025 Fo|7] 9ste] vlaAZA L GenetixA}2]
Q-bot Al2®lS olg&den, = 12816719 ColonyE Picking3tdth. Z+ Library®)
colony picking®] = TFHZ ol H13 Zow ol AZ9] colony picking Tl
A HE d#E labeling A28 Cell Stocks #HE] sty 2kb Insert® 7}%l Shotgun
library9 79 ORWS#}+ Project IDE Labeldle] D838t 2™ Cosmid libraryd 2%
ORWCE}= Project® o2 2] 5] St}
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NAI-TOPO
Trunmed reads
hustogrmm of lengths
msean = 803 stdev = 151

NAL-TOPO
Inserts contaied i contigs
histogram of lengths
mean = 1973, stdev = 430

ORWS01
Trinued reads
lustog of lengths
mean = 557, stdev = 19]

Figure 3-2-1. 2kb shotgun library2] Read Length(A)$} ARACHNEO®I A
= 7z 1973kb  (stdev=439)¢} 1.692kb

Insert®] Zol(B) ©o]Z4%¢ Inserte] #Ho]
(stdev=570) °]t}.

ORWS01
iserts contnined in contizy
lustogrmin of lengtis
mean = | 692, stdev = 270

D
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NAl-cosmid NAT-cosund
Trimmed reads Inserts contmned in contigs
histogram of lengths histogram of lengths
mean =816, stdev = 243 mean = 39557, stdev = 3227

Figure 3-2-2. Cosmid library2] Read Length(A)9} ARACHNE® A FHE = Insert9
Aol (B) o] 9 Inserte] Zol= 39.857kb(stdev=3.227kb)°] t}.
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(2) DNA extraction

DNA F&& W 253t 28 A2gS o] gste] FqForN F2¢dd o3 A
Z quality *FolE A3 2 Table 3-2-1°] Y9}l Clones shotgun library 2]
745 11,232EAS] DNA”} Chaotrophic Salt’}Hloll A DNA<$} BindingslE A4S 71A
£ Sillica-based resine 7FA 2L 1+ Multi-Screen FB Plate (Millipore) & ©] &3¢ A
A= R e, Cosmid library2] - Montage BAC Prep kit (Millipore) & ©]-&3}¢]
1,584EA 2] DNA7Z} Prep EI%1th Pickingdt colonyE2 EF 20% glycerols %718k cell
stockS AlZzeFom ol o Table 3-2-29Table 3-2-37 Zt}.

Table 3-2-1. The colony contig on differents library.

Library &% Pickingst Colony %
1 2kb Random Shotgun Library 11,232
2 40kb Cosmid Library 1,584
Al 12,816

Table 3-2-2. Lists of cell stock plate of cosmid library.

Cell Stock Plate
1 |LORWCO1) Thermococcus sp. NA1 cosmid #1~24
Total 24 Plate (96 4]

Table 3-2-3.Lists of cell stock plate of shotgun library.

Cell Stock Plate
1 |lORWSO01]) 7hermococcus sp. NAT TOPO #1~152
Total 152 Plate (96 &4))

(3) Sequencing
EIERE C I

3k 512 3730 DNA analyzerg ©]-&3te] (85 35Mbel 9714
A EE), A7IAAEEA
A

A4S A3t o Base—caller®% KB basecallers AH&-3F3L
Phred score 20 ©]4S& 7|2 % trim% H 3t 838bp2l read lengths Hol= Ay
dSs & JAHTable 3-2-4). AA P= 3 Sequencing FE 22306712 ol&= <
149g 24 Aol&ulk 20.36Mbol™ A A ZAol& 20MbRE & 5T 45 10.04u o]t}

£ e

i

N
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Table 3-2-4. The sequencing reaction numbers and average read length.

Library Z2 Pickingst Sequencmgé 4t Read length

yoer Colony % & Colony % (Phred score 200|4h

1 |2kb Random Shotgun Library 11,232 22,464 858 (stdev=191)
2 40kb Cosmid Library 1,584 3,168 816 (stdev=244)
2 12,816 25,528 838 (stdev=209)

t}. Contig assembly ¥ Gap filling ¢+ F : Bioinformatics

(1) Contig assembly

Z¢] Table 3-2-5&
Coverage®| 5= AL HoFa
o™ Cosmid library2] 73

2230671 BAH A7 %
839l 2™, Phrap (Phil Green) T2 1288 o] 23t0] contig assemblyE F= 8¢t} of

AssemblyZ2¥4E 53

42+ KB base-callers

rl

21t} Shotgun library2]

49 1H157 9] Sequencing©] ©]Fo A

Table 3-2-5. The sequencing results for the first assembly.

S
=]

=3}o] base callings

A ZtE Library®  Sequencing Quality £}

$ F owsE oF:

g & Ak,

( Coverage
No. of | Average based on the
Am(asr;rgte Filtered | Trimmed L%tﬁtl genom]? size
Library ; Vector Reads Read 0
(Sk'é(? (Average | length E\?\%dﬁ Thermococcus
Q>20) (Q>20) P koa’a/(an?nsis
KOD
NAT- PCR4-Blunt
TOPO 2 TOPO 7,729 EA|723 base 5.59 2.79X
1 (Invitrogen)
PCR4-Blunt
ORWS 2 T0PG (Invitgcr)]gen) 14,700 EA | 845 base 12.42 6.21X
NAT-c pWEB:TNC
oamid 40 (Epicentre) 1,029 EA | 667 base 1.39 0.34X
pWEB:TNC
ORWC 40 (Epicentre) 2,070 EA | 673 base 0.68 0.69X
Total 25,5628 EA 10.04X
— 89 —

Assembly 343 F 1467019 Contig7} Aol o™  Contige] #Heolo
1,856,626 bases©|t}. ©]F 2kbo]’d2] contig= 1127§°]™ ©]& Consed (Version 14.0)&
AL8-3F3 (Figure 3-2-3), ZF clone®] Forward®} Reverse?] AR E o]83}lo] Editingdt
t}. o]F 90719 Contig7} Ordering® 9100, o]+ 770¢] ScaffoldE F+AI&ich dA =
Contigell tlsled= Table 3-2-6° A2ttt T3 7719 Scaffold®] 7% Table 3-2-7
o e start.

Scaffold 1# : 35 ordered contigs : 719kb

} W W
'I Iyl it i'wﬂ‘ i
\ w w ”ﬂ JWFWJ

gwerage Depth (Max 50)

‘.’ L ” A
%,\‘L‘M i N‘ l

l

m

!»1 /\m |

Figure 3-2-3.The length of the cosmid library.

Table 3-2-6. The results of the first assembly.

st W
HH Contigs 146 EA
2kb 0]4+2| Contig 112 EA
Total contig Length (bp) 1,856,626
Ordered Contigs 90 EA

Scaffold9| 4 7 EA

Total GapQl & 145 EA
ScaffoldU ol ZA5HA|
U Gapdl & 56 EA
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Table 3-2-7. Ordered Contig

Scaffold # Ordered Contig
72-123¢c-103-138-47-69-46-73-75¢-56-67~-
6-92c-121-144-128-110-137-70c-54c-40-4

1 9-44-100-91¢-97¢c-115-85¢-132¢c-109c-114
-142-143-130c-140c
122¢-109-95¢-84-118-125¢-133¢c-68-111-1

2 31-116-59-57-102-106-87-50-77-93-63
127-134¢c-80c-72-66-135-98-120-35-117¢c~

3 65¢c-112c-101¢-38-31-62

4 139-129¢-119-113-34-52-94

5 79-33c-74-55-82-81¢c-28

6 41-136

7 99-61-42c¢
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(2) Gap filling; Finishing

A contig ¥ SupercontigE ¢ ¥EolA Consed®] Auto finishe 7]%<& ©]
%aﬂRMQﬂﬂﬁPmmé%ﬂ%ﬂﬂGmmmImA%Tmmmﬁéﬂdegmmw
sequencing¥ Assemblye] AR E o] &3lo] Gaps 7FA L U= cloneES AwWste] 4=
&3} Clone Walking®+¥ Gap Size’} 5kb o] A<l ﬁ%E AS @GEA 77 S
Clone®| ™3 shotgun libraryZS A Z3tdom, s WH O 2 scaffold maps HIH O 2
Z}7 o] contig ¥ @tol A A EPCR primerE tAelste] €43 ¥ PCR #AS A
A o] g Fel contig A& 18kl o]E PCR product®] 971AME #4418 3k
A7 E Aol o]FojAx] ke HES Sequencingdtth A Scaffold7} &A= A
&= contigEol Wl = Combination PCRe] ¢3te] Ordering® Gap fillingS 2 A &k
ATt (Figure 3-2-4). o]Z@A o] AojA Sequencing™ 2 S ©]&3Fo] Reassemblysto]
SH7F gleS #Astank olgA o] PAFHZ circular Single contig?] ZHoli=
1,846,559 basesel™ 51.85%<] GC contentE YEFH AL Quality 7} Phred score 40°]3}k
©1(99.99%)¢1 F-oll thste] B-S 37l Ha sld ol PrimerE Designdle] A 23}3)
on PCRZ HBHEES dojo] Sequencings H&3tA T A2 A<l Genome finishing
o AM&-%o]X] Primers e H 25mer® 495EA ] th

ol

Assemble Sequences I:

Gap closure F_R ¥ R == =
Conlig 0 U contig Contig 2 L™ Conten
Gap 1 Gap 2 Gap 3
Design Primer (Auto_Primer)
495 Primers (Designed and Used)
2 - 4

| Direct Genome | Sequencing Gap Cosmid Shotgun | Combination PCR
| Sequencing ‘ (clone Walking) | Sequencing | and Sequencing

Figure 3-2-4. The methods for the finishing 7hermococcus sp. NA1 genomics.
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2}. ORF finding ¥ annotation : Bioinformatics

(1) ORF finding

Glimmer2.00]8}= Z2#L o]&3led ORFE dZsgoen Ax 211879
ORF7} &S g 4 JArh. H=& tRNA-scanSEZt = Z2a:E ALg3te] 467)9)
tRNA f# 2k (Table 3-2-8)¢} % AME 7| oR sto] 747} 2709 55 rRNASH 7+
1709l 7S, 168, 235 TRNAE 218 = AU tH(Table 3-2-9).

1o
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Table 3-2-8 The tRNA scanning results.

tRNA # Start End tRNA Type Anti Codon

1 325726 325802 |His GTG

329615 329692 |Tyr GTA
3 389907| 389984 |Ala CGC
4 452773] 452849 |Ala TGC
5 489953 490030 |Val CAC
6 582697| 582773 |Phe GAA
7 582786| 582863 |Gly TCC
8 764939| 765046 |Undet 777
9 768863| 768950 |Leu GAG
10 844214 844290 |Arg TCT
11 1029804 1029890 |Ser GGA
12 1055420, 1055496 |Thr CGT
13 1537019 1537095 |Thr TGT
14 1582877 1582953 |Thr GGT
15 1582981| 1583058 |Pro TGG
16 1627760| 1627837 |Gly GCC
17 1636958| 1637035 |Arg CCT
18 1772483 1772560 |Pro CGG
19 1773534| 1773609 |GIn CTG
20 1833396| 1833319 |Glu CTC
21 1833305| 1833228 |lle GAT
22 1742709) 1742632 |Asp GTC
23 1742274 1742197 |Lys TTT
24 1646609] 1646523 |Ser TGA
25 1644252) 1644165 |Leu CAG
26 1642647 1642570 |Pro GGG
27 1640682 1640595 |Leu TAA
28 1627654| 1627577 |Arg GCG
29 1570697| 1570622 |Arg TCG
30 1536844 1536769 |Asn GTT
31 1536763| 1536686 |Met CAT
32 1522613] 1522528 |Ser GCT
33 1522507| 1522433 |Cys GCA
34 1441312] 1441225 |Leu CAA
35 1405841] 1405764 |Ala GGC
36 1405753| 1405676 |Val GAC
37 1392701] 1392614 |Ser CGA
38 1255310] 1255232 |Undet 777
39 1155154] 1155078 |Val TAC
40 1103245] 1103168 |Glu TTC
41 767928 767851 Lys CTT
42 509431| 509344 |Leu TAG
43 490724] 490646  |Arg CCG
44 363061| 362975 |Pseudo 77?7
45 345640[ 345563 |Gly CCC
46 231476 231401 Gln TTG
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Table 3-2-9.The rRNA length.

rRNA Type Length Start End
5S_ribosomal 126(625716 625841
5S_ribosomal 126(1742841 1742716
16S_ribosomal_RNA 1498|451231 452729
23S_ribosomal_RNA 3029452982 455988

(2) ORF fitting

NR(Non redundant protein databases : GenBank, SwissProt, Pir) database$}
TIGR, MACROGEN®| ®| A& Databaseol blastXE 33 AnEs 7Hxa 7]E9
database®] annotation B& ©]-§3}o] Glimmer2.02. 25 €] W& Thermococcus sp. NAL
°] ORF% fitting3hlch. 7]1&9] dle]gulo] 2ol A o] %2 ORFES fAMGOl &7
sto] Fitting S AAISFlom fAabge] vtoba] ghgke] A7 Wlokd 35S ORFE WA
& ok,

(3) Annotation

Sl A Fitting 017 ORFE2 7]&e] 4oz F44 471d & & of
=2k A d dolE o] (Non redundant protein databases : GenBank, SwissProt,
Pir)¢} BlastE® &% homologues® 748}l E-value7} 107 o249 Axete F3) 7%
& F438t9h (Figure 3-2-5). 9714 homologues A4 7|#E& o] QA A4 3d =1l
webd AR fHA 7e S A4 4 glvh. @3 Hypothetical protein?t unknown
protein ©l a4 motif searchd Pfam (Protein families database of alignments and
HMMs) £ COGE o83t 7]5S FAsAthFigure 3-2-5 #x). 454 A4+
71%4 AMelA E-valueZt 71 o179l A5 ORFelA AlASAth ®3 Glimmer2
I} thE ORFell E35o]#i= ORF= 64 A4 71543 E-values 7]Eo
2 E F shvhe] ORFE AEsioln, =3 744 A3 Frameol %A &% ORFA Al
Astdeh o8l g 71F o2 Themococcus sp.2l 7% GlimmerE E3ke] do]72118 7|
°] ORFZ 1867719 ORF¢ A% 7]5& 298 F dden, 251719 ORFdlE 7s%
gk 4 gl (Table 3-2-10). 1,867719) ORF9] 7% 91.59%9] Coding Regions
Zr=th
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A. gene annotation 4%

ORFE] gene D2t EC number, & ORF & HNucleotide Sedquence 2 Aming
! TxHe] D=8 HIEHHCE / Acid Sequence® LIEH tHT}
£ =T

:;‘mhqmm:hm»=4

X CTCCACS ATST GCACE
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CRF2| Mo RS c] L 1005 c. . i TE ATGA GAATE
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I ehabe & LEL
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SHEH CRF2l HEs

S30537 Plus ¢ s click®| Sequence=}
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R > =telat 4= RICh " . =
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Figure 3-2-5. The gene annotation files provided by Macrogen.
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Table 3-2-10. The ORF number and coding region of 7hermococcus sp. NAl.
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u}l. Metabolic Pathway ¥4}

Gene Annotation Z¥E 7}#31 KEGG (Kyoto Encyclopedia of Genes and Genomes)
Site®] Metabolic pathway®ll Searchdt A& 7|2 o2 3= Thermococcus sp. NA12]
Metabolic pathwayS TF+A3t9th. Gene annotation TableS 7]%2 &t Zz+9]
pathway¥ & F34 ARE W}E FE3}E S Exceld Aoz ZAsAT F 124719
Pathwayel diaiA 4 (Table 3-2-12) o] Hon 2z thE AER FAo] Holx

Excel 34& @At

:
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Table 3-2-12. The search results of metabolic pathway.

Pathway Pathway
1 |tko00010 Glycolysis / Gluconeogenesis 63 [tko00532 Chondroitin / Heparan sulfate biosynthesis
2 |tko00020 Citrate cycle (TCA cycle) 64 [tko00540 Lipopolysaccharide biosynthesis
3 [tko00030 Pentose phosphate pathway 65 [tko00550 Peptidoglycan biosynthesis
4 |tko00031 Inositol metabolism 66 [tko00561 Glycerolipid metabolism
5 |tko00040 Pentose and glucuronate interconversions 67 [tko00562 Inositol phosphate metabolism
6 [tko00051 Fructose and mannose metabolism 68 [tko00564 Glycerophospholipid metabolism
7 |tko00052 Galactose metabolism 69 [tko00600 Glycosphingolipid metabolism
8 |tko00053 Ascorbate and aldarate metabolism 70 |tko00601 Blood group glycolipid biosynthesis-lactoseries
9 |tko00061 Fatty acid biosynthesis (path 1) 71 [tko00602 Blood group glycolipid biosynthesis-neolactoseries
10 |tko00062 Fatty acid biosynthesis (path 2) 72 [tko00603 Globoside metabolism
11 [tko00071 Fatty acid metabolism 73 [tko00604 Ganglioside biosynthesis
12 |tko00072 Synthe and degradation of ketone bodies 74 [tko00620 Pyruvate metabolism
13 |tko00100 Biosynthesis of steroids 75 [tko00621 Biphenyl degradation
14 |tko00120 Bile acid biosynthesis 76 [tko00622 Toluene and xylene degradation
15 |tko00130 Ubiquinone biosynthesis 77 |tko00623 2,4-Dichlorobenzoate degradation
16 |tko00150 Androgen and estrogen metabolism tko00624 1- and Methylnaphthalene degradation
17 |tko00190 Oxidative phosphorylation 79 [tko00625 Tetrachloroethene degradation
18 |tko00193 ATP synthesis 80 [tko00626 Nitrobenzene degradation
19 |tko00195 Photosynthesis 81 [tko00627 1,4-Dichlorobenzene degradation
20 |tko00220 Urea cycle and metabolism of amino groups 82 [tko00628 Fluorene degradation
tko00230 Purine metabolism 83 [tko00630 Glyoxylate and dicarboxylate metabolism
tko00240 Pyrimidine metabolism 84 [tko00631 1,2-Dichloroethane degradation
tko00251 Glutamate metabolism 85 [tko00632 Benzoate degradation via CoA ligation
24 |tko00252 Alanine and aspartate metabolism 86 [tko00640 Propanoate metabolism
25 |tko00260 Glycine, serine and threonine metabolism 87 [tko00642 Ethylbenzene degradation
26 |tko00271 Methionine metabolism 88 [tko00643 Styrene degradation
27 [tko00272 Cysteine metabolism 89 [tko00650 Butanoate metabolism
28 [tko00280 Valine, leucine and isoleucine degradation 90 [tko00660 C5-Branched dibasic acid metabolism
29 [tko00290 Valine, leucine and isoleucine biosynthesis 91 [tko00670 One carbon pool by folate
30 |tko00300 Lysine biosynthesis 92 [tko00680 Methane metabolism
31 |tko00310 Lysine degradation 93 [tko00710 Carbon fixation
32 [tko00311 Penicillins and cephalosporins biosynthesis 94 [tko00720 Reductive carboxylate cycle (CO2 fixation)
33 [tko00330 Arginine and proline metabolism 95 [tko00730 Thiamine metabolism
34 [tko00340 Histidine metabolism 96 [tko00740 Riboflavin metabolism
35 [tko00350 Tyrosine metabolism 97 [tko00750 Vitamin B6 metabolism
36 |tko00351 1,1,1-Trichloro-2,2-bis(4-chlorophenyl)ethane (DDT) degradation 98 [tko00760 Nicotinate and nicotinamide metabolism
37 [tko00360 Phenylalanine metabolism 99 [tko00770 Pantothenate and CoA biosynthesis
38 |tko00361 gamma-Hexachlorocyclohexane degradation 100 [tko00780 Biotin metabolism
39 |tko00362 Benzoate degradation via hydroxylation 101 [tko00790 Folate biosynthesis
40 [tko00363 Bisphenol A degradation 102 |tko00791 Atrazine degradation
41 [tko00380 Tryptophan metabolism 103 |tko00860 Porphyrin and chlorophyll metabolism
42 |tko00400 Phenylalanine, tyrosine and tryptophan biosynthesis 104 |tko00900 Terpenoid biosynthesis
43 |tko00401 Novobiocin biosynthesis 105 [tko00903 Limonene and pinene degradation
44 |tko00410 beta-Alanine metabolism 106 [tko00910 Nitrogen metabolism
45 |tko00430 Taurine and hypotaurine metabolism 107 [tko00920 Sulfur metabolism
46 [tko00440 Aminophosphonate metabolism 108 |tko00930 Caprolactam degradation
47 [tko00450 Selenoamino acid metabolism 109 |tko00940 Stilbene, coumarine and lignin biosynthesis
48 |tko00460 Cyanoamino acid metabolism 110 [tko00950 Alkaloid biosynthesis |
49 |tko00471 D-Glutamine and D-glutamate metabolism 111 [tko00960 Alkaloid biosynthesis II
50 |tko00473 D-Alanine metabolism 112 [tko00970 Aminoacyl-tRNA biosynthesis
51 [tko00480 Glutathione metabolism 113 |tko01051 Biosynthesis of ansamycins
52 [tko00500 Starch and sucrose metabolism 114 |tko01053 Biosynthesis of siderophore group nonribosomal peptides
53 |tko00510 N-Glycan biosynthesis 115 |tko01055 Biosynthesis of vancomycin group antibiotics
54 [tko00511 N-Glycan degradation 116 |tko01056 Biosynthesis of type Il polyketide backbone
55 |tko00512 O-Glycan biosynthesis 117 |tko01057 Biosynthesis of type Il polyketide products
56 [tko00513 High-mannose type N-glycan biosynthesis 118 |tko02040 Flagellar assembly
57 [tko00520 Nucleotide sugars metabolism 19 [tko03020 RNA polymerase
58 Streptomycin biosynthesis 120 |tko03030 DNA polymerase
59 Biosynthesis of 12-, 14- and 16-membered macrolides 121 |tko03060 Protein export
60 |tko00523 Polyketide sugar unit biosynthesis 122 |tko03070 Type Il secretion system
61 |tko00530 Aminosugars metabolism 123 |tko03090 Type Il secretion system
62 [tko00531 Glycosaminoglycan degradation 124 [tko04070 Phosphatidylinositol signaling system
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Figure 3-2-6. The contents of the metabolic Pathway.
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@ YA cog categoryZ ©]-&3] ORF2| colorg AHA.
DBl A% EC numberE ©| &3] ORFE &Y A KEGGSF 2.

(3 s¥ 4 4 7%

(i). Log in % (Figure 3-2-7~9 #x)

Genome Browser: Thermococcus sp. NAl & B934 715 =% 717} /g Hq o
H site 7S Tl 2 4 AdFUTh sitedl= genome browserE AFE3l7] ¢33 F4-
utility ¢! jrel.5.0_02¢} Adobe Acrobat ReaderZ th$ WS 4 Al o, jrel.5.0_029)
A s wol AXE &4 ZUthA genome browser A& Al AEo® HX|7} X
#th. DATAE 17 fslA = IDE Fo] wrofof 31 Password = A & &+
AE AR GAE TRk = R A A7 Userdl %iﬂr 24 87 T
1 =& AA3A Y. Genome Browser: 7Zhermococcus sp. NAl1 & BE}$-A 75 3}
Zyzk A How site WlwE E3 B 4 dFUUh sitedl & genome browserE
317 9138 I utility Q! jrel 5.0_02¢ Adobe Acrobat Reader® thg W& &= QA
), jrel5.0_029] A theg Wwol HXE A L UTIH genome browser A Al
tsoz dX7E g€t DATAE #Rlstry] fsixe IDE Fo Wolop afw
Password = A3l = 4 e AR dAE FEadeh g WF #EA7F User
o TEH A Ut 5& ¥ F JEF HAHS ATt genome browser ZHH-S 2719 ¥
Zog oM EE  Thermococcus sp. NA1¢ ORF, Thermococcus sp. NAl
GC-contents® T4 €t dA 3HL zoom infout 7155 ol &3 &uj/F47F 7Hs3ct
(Figure 3-2-10~12.) ORF: cog category HI°|E]E 7]Fo 2 MAS FHEglon,
clickA] o3 e 7]%5S AFdt). genome browserdolA ORF ®7] &%

A g ORFol didh JR7F ew MenuFES 8T 4%, dldBlast M2 £
Sequence’} #%7]1¥th gened} clone id, symbol, product® 72} 7}&3lH, HAE %
=99 Y2EE FYT 49 T HA9 ORF =& clonel & #Wo] x5 HgHct
(Figure 3-2-11~13) ORF Information< o}#] Figure 3-2-14 ¥} #o] t}dstAl &g
Atk ZHzke] ORFell wiato] ofefjo} e Aol = dd Manug ClickAl b et 2
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Figure 3-2-7. Genome Browser log in A.

Figure 3-2-8. Genome Browser log in B.
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(ii) Circular Map

Main *°lA Linear®} Circular maps A®& 4 loun Circular map 9A Linear

q
Map ¥ 2o w2 oz DATAZF &<l 7} 38t (Figure 3-2-15).
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(i) TNAl-pol FAA AZE 3 FFu)k

Thermococcus sp. NA1& o]~ E ulyp2 vpAl(East Manus Basin)oll & I3 vf52
A(3° 14" S, 151° 42" B)ell = A9e As) 45 2E725H ZdHA YPS o
27} DNA %22 98X Thermococcus sp. NA1S wlS3t7] 91sto] AL&¥ AL
Thermococcus sp. NA19] dlgF 2 #F FAE AFTAA WPgd oste] st
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wjx]o] u}E}7A Zd o] E(phytagel plate) 9lol FAE @d F2YS HEFI L, 2043
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Foh=dl AFEHE AL, 20/ EFE 90 Teoll Al vl g = Ak
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EE 50 pg/mle] HEE wiAC]l H7ME AT DNA 222 MEE 9 A o) 7]&
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ZEE 7k pET Al&Hol, E. colilA olgfo] whijd
Holx 7 ZEd Alaw T dhvbolal, TNAl-pol
A7y A= TNAI*polQ] ey 9 His-wlz £8& F387] 9Jsix SEHH o
pET-24a(+)¢] Ndel % Xhol AlolEZ =¥ At} Avto] Wy Fgavm ==

pETNAPmo. 2 A AFHT AFxE TNAIl_pol pETNAPmS 7MAil A+ E. coli

BL21-codonPlus(DE3)-RIL®] AEHoA &34 Fejz Lde] =H3Art 7] Aozl &
¥ Zgav=, pETNAPmS E. coli BL21-CodonPlus(DE3)-RILZ &4 A 3= Sl o},
TNAIL pol fraate] #atde ol Ax2d-p-p-F A ET e Al =(IPTG)E F3+
NNFFA Al A7heba, 37 CTeollA 3A1%F ¢t e wFdoza FrE ek Al
T GAEZE CToAlA 2083 6000 x )& F3te] dolxla, 0.1 M KCl 2 10% =

AEE 2E8E 50mM Eg2=-HCl ¢354 9 (pH 8004 A AL AxE 28
of 9laf EEol X, AR Tl 3087 20,000 x g)oll s Eal= 3l
Fa ABL 2087 80 CollA EA=AT. dojdl g5 ede TALON™ F& 3
# 21(BD Bioscience Clontech, 3+$-2 <& A Zyol)e] Ao A=, 0.1 M KCl
2 10% 2SS E3etE 50 mM EA-HCl ¢354 (pH 8.0)¢te] 10 mM o] 7|tk
Z(A v}, Alole Folx mF)E AFHE A, TNAL pols $E5-E U2 300 mM ©]
ngEeg §EHAY. okl BEE 50 mM E#2-HCIpH 75), 1 mM DTT, ImM
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3NA-Com £#]am7} 3'-deke] nHio]o "l Aol &= Sla, 5-deol] kst Tt
8] 5NA-com <@ E 5/ -who] A %%%Qi ol &% 3ltt. TNAl-lig (0.2
pmol)o] 20 ue] T ¥4 &8N (20 mM E2-HCL pH 80, 10 mM KCl, 5 mM
MgCl,, 1 mM ATP % 0.01% BSA)°lA 5 pmoled] AZAEE 71274 &%= ATt DNA
g 7tobAle] &dE 1521 80 CellA A=At ¥h&2 20 e 0.1M EDTAE #H7t
sto] FAHAR, d5olA 1083 F2EAFHATG 22 g ARRFE AHe] 204
o] JRFo] ~EHEMY IR E 96-4 wo]AREFO]H F# o] E(MaxiSorp; Nunc, @l

vlora)ol] 30 e AH FEE A (100 mM Ez=-HCl, pH 8.0, 150 mM NaCl 2 0.05%
E420)7 A dENA LA ZHUCEE 1A 37C oA FEA HYw
dr2 F A AHFn, A4 9358901 N NaOH 2 0.05% EQ20)02 3 ¥ ¢
Al star, 50 o] AlH fFEofol A 1:3000 3 € F-SFe LTt EAFOE A
FACE(R HA-REY, )2 3087 37Tl FLnyd HAh AH gFgdow
6WH A H3 okl 50 we] M2 712 A6 mM p-HERHAY E27 1;, 100 mM
Eg ~-HCl, pH 9.0, 1 mM MgCl, ¥ 05 mM ZnCl)o] #7}= 3 1A17F F<F 37 ColA
R ALt Aol Aol ®F7IE 405 nmoll A ¢l ATt

(iii) ghelAlol A &4
DNA gojAleld E45 98], 20 mM Ez22-HCl, pH 8.0, 10 mM KCI, 1 mM MgCl,
2 mM DTT, 1 mM ATP, 0.2 pmol ¢ #P-#lo]&¥ YH(nick)Holx FZHx 7120kS
EFE(20 p) 2 1 pmol TNAL lig7F 204¢t 80T A v HAu}, =1
HJ%% DTA ¥4 Jdo}u}] o H7tel o3 AAFAUrE wkEE ol MEL 5F
Col A 7lAH 9, the o= TBES] 7 M Tm}
O]E AA H71DE 5]‘22‘3}. ghol Aol AHES

7hA18E .

o)

Fell,
&<t
Egsl= 15% E oz olw}
Aol o gt aulae 3

rﬂ il

(3) TNA1_POP &4~
TNAI_POP &4 %=+
2 =2Agogn A

A B
uc-Ala-Pro-p-NA(Bachem AG, #4l&=

k. 50 mM Eg2~-HCl QLT%—‘.‘Oﬂ EFE A EFER00
w) D ImM 7] Ze] 55‘—1&0} 80 Colld FrmAHATE W& T2 Hulel s
Al 2= AT —?’E ﬂ% 80 TolA F7F 5E5et 2R AU 22l e 1 M E
YFRZAEAHI00 p0)o] F7Fel sl AA HATE WEE p-UEROI™MY F3
E& 405 nmel /\'] éﬂﬂ&’i , 405 nmel A g5 am =10,500 M em 3

T A9 Adtel AMEEY. RIS e ol B4 199 o5 #4

H

oA &% 1 umoled] p-HEZ P%'“d% FEote &4 doz AAHA

s
Su

-
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(4) TNA1_APP &4 ¥4

Lys(N-Abz)-Pro-Pro-pNA(Bachem AG, Bubendorf, Switzerland)2] APP-Zvl] 7}
= Lys(N-Abz)-OH2| W&ol & #HZE Ak oA F-2000 &334 7] (Hitachi,
=3, dE)S o] &3le] 0ToNA 417 nme WE9E 2 320 nme] FEIAFAA A=
At ¥gE EFAA mDS 50 mMe] At ofMHOlE 589 (PH 50), 15 uM
Lys(N-Abz)-Pro-Pro-pNA % 1.2 mM¢2] CoCl, & FAZHACt ¥$& 2 uge] APPE

HA7rsto 2 A ZE AT Met-Pro(Bachem AG, #WlE=22 ) tFelo]=9] 7l5Re 2
FE "oz vor ZEAY o 7xe EAWURe dwrHoR AgHU. ZEH
FEE oFE 9 "WoluZd ok HlA dstel=d o] gy o)t £74 kR

Oit
ok
3R

o 2
:

N
S

ol
o

o =R AI7F 60%(v/v) WAZ B 40%(v/v)e] 14tel 3%(w/v)el atol

3,70 TolA 3087 Fenate AXHYL. 50 mM 20§ ofAE

5.0), 4 mM<2] Met-Pro, ¥ 1.2 mM CoCLE 3*3tst= APP 4 &354(300 w)o]

ok 80 ol FenpHT wee wae WAR ARHLAIL, EFAL Flel

QF 80 TellA &g et ZF/] ‘i%% %]}_ (300 ph)& H7Vgo=ZH ZF

3, Watol ZAAGB00 p)7h AAAAAG. 10RES 80 CAA A F, wgEe
o

1n
rﬁ a)
S o o
oo
o o2
e B oA Moo
Ho 3@ off off T

O

o A 2184 a1, 515 nmell Al ¢ iﬂcﬂ %Xﬂ%it}. WErolxl 2] e dsloe]
=d-Z 2 B g 4579 Mlem 9] & F3 ASFE ol &ate] AXEUT APP
1 &9 4] B4 ZAA 2% 1 pmoled) ZE2AL WEsE G4 Yot}

G AzSAAEcob Bs B4 S
TNAICP &4 %+ N-Chz-%utd-ot27]d (Z-Ala-Arg) (Bachem AG, FHIE=3
291 B E Ao A »‘ﬂr@, Ak B4 E3H(250 w)elE 50 mM KME@(S{E}
& 2-IN-RaxgldadE) 4F89(pH 6.5), 04 mM CoCl, ¥ 8 mM 7]deo] =

FET. Wge mael Hbz AFEL QTN 1083 FLuBHAGA LS9 oA
W AAHYG A&AA, ASHE-US A JAES AEAm, Ant BAL

8

. ‘?’1
SlA /bR 80 CollA]l 583 el IE AT, dSoA] WS R HT) g%g% 500
nmel Al el H i, TATAHL ol27|d XFE ARG AEsle] AAEHAT. 49 1
91 80 TollM Z-Ala-Argolld oF271d 1 pmoles WEstE Foz AHodr, g
Z-Ala-X o}v] =4k 7]@(X=Ala, Asp, His, Leu, Met, Asn, Pro, Val @ Tyr) t& R

e oA Aol A, A4 opvlwite] HE NS Bt o S5t

(6) methionine aminopeptidase &4 24 =3
MetAP9] 24> Met-pNA (Bachem AG)9 7}islE SFAste] #4389tk 50 mM
AU E2FHOE g4589 (pH 7.0), 4 mM Met-pNA, 2 0.2 mM MnCl% ‘E‘lgr%]'
A EFEB00 pl)& 585 80 CTollA F2r Ak wkge & dye] g9

i

M
b
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7hell olste] AAAIE AT A7) EFES 80 Tolld 587 B Fd2utsgdon wse 1

M EZFZEZAEAI00 )9 F7FE FAHJT EFHE p-UER A FH &

5 405 nmollAl FA3sA T 405nmel A p-UEZetdAS] B FF AT ews am =

10,500 Ml cm 1&g Apg-8hol 3/‘-4 g4 & Aatsldh. MetAP &9 1
O]

(D 2594 a-olbeelAlel F45A

() a-opetolA el &g e) g

Thermococcus sp. NAl a-obd oA (TNAl_amyl) o] &4 == 80 TelA 15%1F 50
mM 2] /\E]% obAlEl o E &hF8 2 (pH 6.0) 1% 7H8A Ao a2 &l Ftol &
g A &9F9 Fe FHs] ZAHANY. d9TF e FHE qyERLLdE

”“l(dlmtrosahcyhc acid) % (Bernfeld, 1955)0.2 ZA=th  q-o}detolA EL“-J 1
G A7 BA A B ZEQ A9 571 1 umoled $UH fyAIE &

2ol Foz A

(i) TLC & o}7} S#olEeAM Y a-oldetolAle] o) ghal

A4 a-otdetolAE WAt E AEF E coli F20] 50 pg mlt Fhdutol Al 1% 7F
&4 AE 2 1 mM IPTG7F 255 LB ol7F ZolE floA AF & 2 12 WX
18717 &<t 60 CollA d&Edez g2 wdsted FAHEAY. TAEHHE F2UE FF
(Lugol) €M1, 5 g1 KI 10 g 1Hoes ey Fo] ofF2 utee gt 3 &= (halo)®
A Bl A B A9 wEAL

Gl WA G7¢ 2@ aAipgtetol=9 £Ae Hyst A myd TLC ZdoE(R3 K6F;
9}ERE UK; Dong et al, 1997)914 4 7124 49 g AZvtE 289 (TLC)
o o3 FHAHAL. Sl EFA(o]AZRY AL o AHE: & = 31, v/v/v)
o2 AN Fo, TLC ZdolEx &3] Axex, d4 §AN-(1-UZd)-odulr
obwl 3 g, AEA 50 ml, WEE2 1 L2 9E) otom Awzs @rpFol Az
A7] TLC Z#olEx 108 ok 110 CTollA &2 waw ot

- 115 -

2. 47 2%
7h 5 AR E98Y B AT
(1) 1594 DNA F&E2

() TNAL pol 37 29 3 dA7 AL &4

A Ad F40] oate], 1,308 obr| it s ¥ gAs oS
?9(3927 bp)e]l AN, B HiHe] ElY DNA THELe} Mf =& FAES 29
ot frFEX obr 4k *1°éi B dojxl guide] B2#-& 1519 kDa ©] 3L, oAl
2 H Al dtAA DNA %—J 2o thste] o FEolA e Ate]lzETE A itk A
4 < 47] DNA F#E4 847t F4e] 3-5" dxwFeorAl =l a—fFAk
DNA $¢&4 =v9, 2 Ad4E D uA72 a-fAF DNA S8EL /\}Oloﬂ nES
FAG(Pol IDel 1A 1605 bp(535 oFrw=she] shhe] Az HYE AL
(intervening sequence) < X331 9+ A& HAH(Figure 3-3-1). F54 J <l
(intein)9] ofu| =it S Eg tfE dAT FFEAL JeEdd v FAES BA
3, poll VEIQ  1(Thermococcus sp. strain GESZ H-E 9] DNA T3¢ &4 719, 537
0]—13]‘:_4‘_}, AJ25033, )ell 81.0%<9] “¢&4, IVS-B(KOD DNA & &4 7|49, 537 ofvx

b D29671) 69.0% g4 2 Qe (Deep vent DNA T &4 719, 537 ofv] =4k
UOO707)°ﬂ 67.0%°] 454S Bt e 2Feto]d AtolEx QlHQIS N-Hdd
e Cys Bx Ser @ C-Tok ~Z o]~ dZAR A His—Asn-Cys/Thr7} 2 HEF o]
AolA AR eJste] dF=H F AN webA, Qe NS 23etA] e 53
Feo] F¥das FHAA(TNAL poheo] ¢l = 01?‘ F dar, o] AL 773 oAt V)
TAE ddS 45 e 2322 bp 4 Aol TNAL pole] FAHAZ AHde v}
DNA T¢&49 A5 vuEAt} (Figure 3-3-1). ¥ ojglo]= ol ENA, FF
@ A& TNALl_pol otv]x=2t 4<E& KOD DNA J3 38 4 (gi52696275)2F 91.0%
FE4, § WE DNA F3HEA(gi436495)9F 82.0% 454, @ piz DNA FTHEA
(gi:18892147)7} 79.0% 4542 ®BAtl PCR T%ol A4 TNAIL pole] AH5& 7]

A3te], TNAL_pol DNAE 7] A3k wiepde] FPa4 AGAo2RE A IS A
Azt AzxHATE QAH A(intein)S X382 ¥+ DNA FHEAY A= 3
gy Zol AZxFHAT WY MIdS EISEE fridE ZolmE o] &34,
TNAl-pol9] N-oo FE (A~ [5*CGA CCC GGC ATA TGA TCC TCG ACG TCG
ATT ACA TCA CAG-3']1 & <te]Al~ [57 - GCC GTA GTA CCC GTA ATA GCT
GTT CGC TAA GAT TTT TAT TGC CCG CTG-3 1% C-¥g BE (A= [5-CAG
CGG GCA ATA AAA ATC TTA GCG AAC AGC TAT TAC GGG TAC TAC

fu rf

N

- 116 -



GGC-3"1 2 StgM2 [5° -CTC CAC ATC TCG AGT TTC TTC GGC TTC AAC
CAA GCC CC-3"J& 77t T&ekdrt. a2 auA, Ndel 3 Xhol Ato| B9 93] Z%
A(flank)® 4% TNAIL polfdate]l 4 Zelzp Fr4e Zegtelm(dl [57 -CGA
CCC GGC ATA TGA TCC TCG ACG TCG ATT ACA TCA CAG-3' 1% <¢Hel4l~
[5" -CTC CAC ATC TCG AGT TTC TTC GGC TTC AAC CAA GCC CC-3"1 ¥
FPorA A7 N-Zd 8 C-2d B8 SEZ9 PCR £ EFES o83t S2H
At FEHR NEL Ndel R XholZ Dol AAEHN I, Ndel/Xhol tholA|2~EH
pET-24a(+)o]l AA= At dAE(ligate)= E. coli DH5aoll @A AsE it A3tk er
ZAE 7H Frage] A G4 vhelAlzddl o) A=, Z#9 DNA HNY
EAslo] A4E DNA $RELE 74T 9lgol A=

(ii) TNAl-pole] & 2 &g
Figure 3-3-20 H.olnfe}l 7ol 208 &<k 80TCoAe EAales BH £ coli WAL
FHRAoE AAT F ATk 28y, " E coli GNAELS A Fol A FH
2 ol gtk dAz2 E(poo)e &4 e e TALON™ & 33h4d #de] 24
Aol ZEZetE ¥ A3, Table 3-3-1 2 Figure 3-3-204 Ho]= npse} 7ol
AAE AT AR kel o] H & A (specific activity)E 231.33 &9 mg'® AAH
i, A &> g 26.155%°] At SDS-PAGE:= #A+% 80 kDal.& 23k oty
A MEEsE Bt AAHAZ gWge ukR Al dey H9l F3eA &3 H

shglgieh.

Table 3-3-1 Isolation of TNAI1_pol from E. coli.

M A E ¢z & @4 HE4d= =
(mg) (U) (U/mg) (%)
= FEE 46.6 2918.26 62.62 100
oA 19.7 2518.62 127.85 86.31
His—Eji g &3 & 33 763.37 23133 26.15
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(iii) TNA-pole] A&

TNAl-pol®] pH &S pH 6.0-10.02 oA A=A Ao @4 %E pH
75904 Ebgth(Figure 3-3-3). £x0l tigh FF a9 &AL 40-90 T Ml elA
AAHA, TNAL pole] HA o FAHE=E Lo FA4

CTE vehwtd (Figure 3-3-4A). TNAIl _polo] ofelel 7ol 95 CollA Dol kA3 %7]
itol, 3 &2 & F4 DNA F8o] 75 Tol oA MAREE Ao 43I& v}
TNAI_pol9] dor444E 95 T % 100 CollA H-gd-20kg Fo] Fgaie 45
oM AFHATE 100 TAlA Eae] W71 (tye)7t 35 Aol AL, 95Tl A o] kgt
71+ 125412kt (Figure 3-3-4B). TNAL pol9] A =el thdk MgClL(NH,).S0, %
KCl %9 a37F A0 (Figure 3-3-5). TNAI_pol MgCly9] wkxﬂoﬂ olg o
Ao, 6 mM MgCLe FxolA Hie] GHEE HolA T2 DNA FHEx o
ok ol avte} %_J&*JOI 2 9Att. DNA-9#4 DNA F¢E2E £d3 g
DNA Z3% #&ixE Mg® 7l 9 RS HAsstes Ao vk %i}ﬁ;ﬁg] o]
Mg? o]2¢] H# %27t PCR FZo 3 H4 s=¢ o= 01% Aol FHT g
7} 9031, TNAL pole] 2223 PCR %<& Mg¥o] o] ¥e Fxoa #sloxit. H
2] (NH)SO, %1 20 mMo 2 ZAE oy, KCle TNAl_poM FGAE we o
&S FA & (Figure 3-3-5B % C).

(iv) TNAl pold] i otAl =

TNAl_pole] AEEAL FAF= 3'->5 dihwFold = d(Exol, Exoll, %
ExollD)2] #AE Holal, TNAILl pole] AAF AR 3'->5" dhmFeolAE 71 FHolgt
= AL 9guidy, o] HE urs]7] $8iA, TNAL pole] 3'->5" 9 5'->3" A4 o}
Ao FAE7 3 @5 wrke] DNA 7] A 23 E Ppo] W& =43t ox A eksly o).
Asx o2 TNAlpol 3 To-#lo] &8 DNARYE 1Azh¢] 68%9] 2Pg W&o
U, 5 Ha-dolEd DNAi-ri WEE PP F& wl$ @y, AINTPR  F7HE A &
Sk tH(Figure 3-3-6). o] 22 TNAIL_pole] Al 7§¢] R E]=Z(Exol, Exoll, ¥ Exoll)2| &=w|
1 T3] AAHAAE 3'->5 AawgIE oA FHE HHSS Btk 2Euv
5'->3" dawEolAl 42 7HAA Foth oo uAT B sldE DNA FHE
v AAFHAR 3->5 AawE O}Zﬂ dA4de 7t Aoz dE Ay Thermococcales

mﬂ

of &3l mAMlTre UHEA AR 135 dA (hyperthermophilic) F< Bl AlE 2

2 A BHE A Aol A {ZEE]E A4 (plasticity) 2 ¥lag HE=Z £ 7
w FAAS BT gy 9 zeade vus B g Al g5 9 &
Aol dojulg& Holal, o] FEAdA ¥ olE ARFA A= A v
27 Alokell Agate AT ofwp AAF O] S Aolth ZdelA ETEI, 15BN 1
Mate]l FESHIA BAdE ol 223~ (orthologous) FrdA A ¥ 3->5 =
2 289 (proofreading) A elolx] 4L 717 DNA F3¢aihe 723d 784 gt
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of st wmPA AEE Aol FaE N HAR] AAH BAWeE Has)
7l SlalA Badg Ae dehdch

(v) TNA1_pol& ] 3 PCR

Aot DNA Fashe T8 A8 DNA 249 Algag SZojth. Agda
of gk A3 TNAl pole] 45& ZAEHY] $138te], a4E
ol Ags] wokth Az TNAI Polg o] €3 PCR F%0] A%

Ex Tag(thVed), pfi Turbo (~Egelz]) 2 KOD (=®}zl) DNA T #8849 PCR
FZ3) v Prt 25 U o8 7}A DNA S8& 27, FH O R Thermococcus sp.
NAIZHE 9 50 ngel A& DNA, 10 pmoled] Z+zre] =gto]w 200 pMe] ANTP %
PCR W& &+F8 NS ¥ &3l 50 o] w8 &3t H/E AT} Thermococcus sp.
NA19] 7% DNAZYFE 2 kbEs F%sl7] $18 Zetolm[dl2 5'-ACT AAA TTG
GTG ATA CCG TTA TGA G-3', ¥ <tgJdl2s '-GGA ACA TAA AAT GTA AGG
GAC TTC-3'17F A= ek Azxz=tel 98 T35 = PCR ¢+5& o] 494
THEL] PCR SFo AHEE ST, AZ=3 TNAL Pole] PCR %S 9ldte] 20 mM
Eg]2~-HCl (pH 8.5), 30 mM (NHy)-»SO,4, 60 mM KCI, 2 1 mM MgCLZ T4 %
AFEHo] o] & Art. 95 TollA] dde] WA G Fol, 94 CellA 12, 55 TellA]
18, 72 CollA 2% &% Z2aYgR 30 Ale]F3sta, 72 TollA HE9 73 A%
Hupstth PCR A4HE2 08% o7tz 2 A d7]gdmol A E45 Ak 11AFE 9] DNA
FEHANA AxF TNAL pole] AeS Al@st7] f18te], PCR WH&-o] 3 224 50ng?l
Thermococcus sp. NA1ZF-E 2] A% DNA, 200uM dNTP % PCR 45 94ZF8&d4=5
EFshE 50 w ¥ EFrol A afxct ZEte]m st 2 kb, 4 kb(A2 5'-ACT AAA
TTG GTG ATA CCG TTA TGA G-3', % <tE]Al2 5'-GTC TCT GAT GCT CAT
GAT GTA GTT C-3'] ¥ 8kb[4l2~ 5'-ACT AAA TTG GTG ATA CCG TTA TGA
G-3', ® QFeEJAl~ 5'- GAG GAG CTC TTT AGA ATT CTC AAG C-3']¢]
Thermococcus sp. NA1 (DQ223723) 2. 23 E]1 2] DNA HEHE FZ3517] A

&}l 5] it} Figure 3-3-7Ao A H.o]%o] TNAIl_pol 2kb E2 FHAAE A %"49_i
ZZ319 3, PCR 5%9 &2 11]7‘7@01] A& FFEHAAE A4S PCR ¢HE-8 Ao A
T3 F oA Ex Tag, Pfi, 2 KOD % sk kel Zlojoj A, TNA]?D()]O]

o“o J}H

' olN

> of
P>
P
)

HHstEw Ao s g 7HA %l—% Z20& HAth(Figure 3-3-7A). M FAE
PCR FFol gk 24 pHE TNAL Pole] FEA B0 Wik 4 ] pHote the
Aoz Bt DNA B4 Addd $FL2 52 F4 = (fidelity) DNA T3& 4]
Aol AxyrEelotAl 243 TFELE Dol W ke oEs= o A
Pfit DNA T3 a4(pH 88), KOD DNA T3 &4 (pH 88) ¥ WE DNA FTHE4 (pH
88) Z& PCRol dWrA o= AbEHE e FPA Rl -5 4 E(high-fidelity) DNA
THELE I IZY pH FelM wES Fdsk= Zo] FHET. 1-F4H= DNA
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THEAE 259 A dawEE oA GHE W& TA9 FEE

A el krlal By 21‘:]- A 2% TNAI_pole] 71 DNA —Hﬁ:i% TET F de=AE
»2E&7] e, Az TNAIL polel Thermococcus sp. NA19] Al DNAZ
a

S TE3EE PCR WHEoll A &3ttt = 7BAA HolXo],
TNAI_pol& DNA ®4d& Skbﬁ}ZI ziﬁl T AU ‘UM 8kb DNA %%94 FE
H
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TNAT MILDVDY I TEDGKPV | R | FKKEKGEFK | EYDRDFEPY | YALLKDDSA| EEVKK | TAERHG 60

TKKOD1 MILDTDY | TEDGKPV I R | FKKENGEFK | EYDRTFEPYFYALLKDDSA | EEVKK | TAERHG 60
Pfu MILDVDY | TEEGKPV | RLFKKENGKFK | EHDRTFRPY | YALLRDDSK | EEVKK | TGERHG 60
PGBD M1LDADY | TEDGKP | IR I FKKENGEFKVEYDRNFRPY | YALLKDDSQ | DEVRK | TAERHG 60
B
TNAT IRDKIRAHPGV ID1YEYD | PFAKRY 120
TKKOD1 TVV TVKRVEKVOKKFLGRPVEVWKL YF THPGDVPA | RDK | REHPAV 1D YEYD | PFAKRY 120
PTu K1VRIVDVEKVEKKFLGKP | TVWKLYLEHPQDVPT | REKVREHPAVVD | FEYD | PEAKRY 120
PGBD KIVRI1 GRP | EVWRL Y IRDKIREHSAV IDIFEYDI PFAKRY 120
D ek, eokckork ok ok ook ok K K ok okkooRkokoRoRok
TNAT L 1 DKGL VPMEGDEEL KMLAFD [ETTVHEGEEFGTGP | LWISYAENEARV I TRKKIOLPY 180
TKKOD1 L1DKGL KMLAFD |ET AEGP LM KNVDLPY 180
Pfu LI1DKGL I KILAFD |ETi] i | TWKNIDLPY. 180
PGBD L1DKGL I KLLAFD |ET Timi ITWKKIDLPY 180
[ —— L o kR T RN
Po |1V Ex;
TNAT VDVVSTEKEWTRRFT] TT KKRGEKLGISFYLGRMSEFK aun
TKKOD1 VDVVSTEREM | KRFLI i KKRCEKL G| NF Al
Pfu VEVVSSEREM I KRFLR | |REKDPD I 1VTY AKRAEKLGI KL T1GRDGSEPK 240
PGBD VEVVSSEREM | KRFLKV | REKDPDV | 1 TYN¢DSFDLHYLVKRAEKLG | KLPLGRDGSEPK 240
[N AR S s ] e ———
TNAT I HRMGDRF AVEVKGR | HFDLYPV I RRT INLPTYTLEVVYEAVFGKPKEKVYAEE | TLAWE 300
TKKOD 1 1 GRMGDRF AVEVKGR | HFDL YPV | RRT INLPTYTLEAVYEAVFGQPKEKVYAEE | TTAWE 300
Pfu MGR | GDMTAVEVKGR | HFDLYHV | TRT I NLPTYTLEAVYEA | FGKPKEKVYADE | AKAWE 300
PGBD MORLGDMTAVE | KGR I HFDLYHV I RRT I NLPTYTLEAVYEA | FGKPKEKVYAHE | AEAWE 300
THoR ook oK o AR AOR RN, R £ o L AR KT A
Exommn
TNAT GEGL TYEL SRL | GOSLWDVSRSSTGNLVEWFLLRK 360
TKKOD 1 TGENLI TYELGKEFLPMEAQLSRL | GASLWDVSRSSTGNLVEWFLLRK 360
Pfu SGENLER IEDAKATYEL GKEFLPME | QL SRLVGQPLWDVSRSSTGNLVEWFLLRK 360
PGBD TGKGLERVAI EDAKV TYEL SRLVGOPLWDVSRSSTGNLVEWYLLRK 360
FEE—— A A A K AR A A A
DNA binding motif Pol I
A1 AYERNELAPNKPDEGELARR-RNSY
TKKOD 1 AYERNE! L WEN I VYLDFRSLYPS1 | I THNVS 419
Pfu RESY WEN | VYLDFRALYPS1 | I THNVS 420
PGBD AYERNEL. YERRL WEGLVSLDFRSLYPS1 1 ITHNVS 420
o oA K KRR A H_j«*m«-u P TR p S —
Po
PTNAT FOTL TPSLLGNLLEERORK TKRKMKAT | DPLEKKLL 479
TKKOD 1 PDTLNREGCKE YDVAPQVGHRFCKDFPGF | PSLLGDLLEERGK | KKKMKAT I DP | ERKLL 479
Pfu PDTLNLEGCKNYD | APQVGHKFCKD | PGF | PSLLGHLLEERQK | KTKMKETQDP [ EKILL. 480
PGBD PDTLNREGCREYDVAPEVGHKFCKDF PG | PSLLKRLLDERGE | KRKMKASKDP IEKKML 480
ok o oo ok £ oo R AR
Po | m
TNAT DYRORATK TLANSYYGYYGYPRARWYCKECAESVTAWGREY | EMT | RE | EEKYGFKVEYA 539
TKKOD1 DYRORA 1K1 LANSYYGYYGYARARWYCKEGAESVTAWGREY | TMT I KE | EEKYGFKV 1 YS 539
Pfu DYRQKA | KLLANSFYGYYGYAKARWYCKEGAESVTAWGRKY | ELVWKELEEKFGFKVLY | 540
PGBD DYRORA I K | LANSYYGYYGYAKARWYCKEGAESVTAWGREY | EFVRKELEEKFGFKVLY | 540
o ook AR AR AR AR K
Pol T
TNAT TTDGFYAT | PGADAETVKKKAKEFLKY | NAKLPGLLELEYEGFYKRGFFVTKKKYAV | BE 599
TKKOD1 DTDGFFAT I PGADAETVKKKAMEFLKY | NAKLPGAL ELEYEGF YKRGFFVTKKKYAV I DE 599
Pfu DTDGLYAT | PGGESEE | KKKALEFVKY | NSKLPGLLELEYEGF YKRGFFVTKKRYAV IDE 600
PGBD DTDGLYAT | PGAKPEE | KKKALEF VDY | NAKLPGLLELEYEGF YVRGFFVTKKKYAL I DE 600
ok AL e ook ok ok o oo oA Ak Aok
Pol V-
TNAT EGRTVTRGLE TVRRDWSD TAKE TQARVLEALLKDGNVEKAVK | VKE | TEKLSKYE | PPEK 659
TKKOD1 EGK | TTRGLE | VRRDWSE | AKETQARVLEALLKDGDVEKAVR | VKEVTEKLSKYEVPPEK 659
Pfu EGKV | TRGLE | VRRDWSE | AKETQARVLET I LKHGDVEEAVR | VKEV | GKLANYE | PPEK 660
PGBD EGK 1 | TRGLE | VRRDWSE | AKETQAKVLEA | LKHGNVEEAVK | VKEVTEKLSKYE [ PPEK 660
ko T ok R koK Kotk T o, ok ok okt oo ok koo
TNAT LVIHEQ | TRELKDYKATGPHVAI AKRLAARG | KVRPGT | 1SY | VLKGSGR | GDRAIPFDE 719
TKKOD1 LVIHEQ | TRDLKDYKATGPHVAVAKRLAARGVK | RPGTV I SY | VLKGSGR | GDRA | PFDE 719
Pfu LAIYEQ I TRPLHEYKA | GPHVAVAKKL AAKGVK | KPGMV | GY | VLRGDGP | SNRA I LAEE 720
PGBD LVIYEQ I TRPLHEYKA | GPHVAVAKRLAARGVKVRPGMV | GY | VLRGDGP | SKRA | LAEE 720
bk ko ook ok ko ok Dok ok, Aokokok Lok ko Dok
TNAT FDPTKHKYDADYY | ENQVLPAVMR | LEAFGYKKEDLRYQKTRGVGLGAWLKPKK— 773
TKKOD1 FDPTKHKYDAEYY | ENQVLPAVER | LRAFGYRKEDLRYQKTRQVGLSAWLKPKGT 774
Pfu YDPKKHKYDAEYY | ENQVLPAVLR | LEGFGYRKEDLRYQKTRGVGL TSWLN IKKS 775
PGBD FDLRKHKYDAEYY | ENQVLPAVLR | LEAFGYRKEDLRWOKTKQTGL TAWLN IKKK 775

o ko AR Aok Aok AR Kok ke ok ok Dk

Figure 3-3-1. Amino acids sequence comparison of the family B type DNA
polymerases from 7hermococcus sp. NA1 (TNA1), 7. kodakarensis KOD1 (TkKODI,
gi:52696275), Pyrococcus firiosus (Pfu, gi:18892147), and Pyrococcus sp. GB-D
(PGBD, gi:436495). Dashes indicate gaps and numbers on the right represent the
position of the last residue in the original sequence. Identical residues among the four
enzymes are marked as * and residues with conserved substitutions and
semi—-conserved substitutions are marked as: and., respectively. Poll through PollV,
the conserved regions of family B DNA polymerases; Exol through Exolll, conserved

motifs of the 3'->5" exonuclease domain;, and the DNA-binding motif are marked.
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Figure 3-3-2. SDS-PAGE analysis of TNAIl_pol. M, standard; 1, crude extract; 2,
after heat treatment; 3, purified by His-tagged affinity chromatography. The molecular
mass standards (lane M) were phosphorylase b (103 kDa), bovine serum albumin (77
kDa), ovalbumin (50 kDa), carbonic anhydrase (34.3 kDa), soybean trypsin inhibitor
(28.8 kDa), and lysozyme (20.7 kDa).
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Relative activity (%)

Figure 3-3-3. Effect of pH wvariation on DNA polymerase activity of TNAI_pol.
Activity assays were performed under standard conditions with the following buffers

(each at 50 mM): MES, pH 6.0 - 7.0, Tris-HCI, pH 7.0 - 9.0; Glycin, pH 9.0 - 10.0.
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Figure 3-3-4. (A) Effect of temperature variation on DNA polymerase activity and

(B) measurement of thermostability of TNAIl_pol. The recombinant TNAIl_pol was

preincubated at 95 and 100 C (@) and remaining activities were assayed at 75 C.
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Figure 3-3-5. The effect of magnesium ions (A), ammonium ions (B), and potassium

ions (C) on DNA polymerase activity of TNAI_pol. Activity assays were performed

in the presence of various concentrations of MgCly, (NH4)2SO,4, and KCI.
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Figure 3-3-6. Measurement of exonuclease activity of the recombinant TNAI1_pol. 3’
—b5' exonuclease activity was measured in the absence (O) or presence (@) of

dNTPs. 5'-3" exonuclease activity was measured in the absence (A) or presence (A)
of dNTPs.
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Figure 3-3-7.(A) Application of the recombinant TNAI1_pol to PCR amplification in
20mM MES, 20mM Tris-HCl and 20mM glycine buffer at indicated pHs. (B) Effect
of dANTP variation on PCR amplification of the recombinant TNAI1_pol. (C) Effect of
MgCl, variation on PCR amplification of the recombinant TNAI_pol.
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(2) 2344 DNA ligase

(i) TNAL lig Fxzte] 22 9 2d
Nde I 3 Sal 1 AHo]ER ER A (flank)® M| Thermococcus sp. NAL & 7kobAl 3
27F Al DNA 2 F 79l Zepo]u (4l [5'- CGACC CGG CAT ATG GGA GAC
ATG AAA TAC ACT GAA CTC-3'] ¥ <rEJAl~[5- CT CCA CAT GTC GAC
CTT TTT AGC CTT GAA CCT CTC CTG -3']; Al Zgtelue] REH o] Nde
I AelES YEb R, <SFEJAlZ ZEpolm o] MEZ o] Sa/ I AbolEE YERITH S o
43le] PCR SZHAE Aw Ad &4 938l T Kodakarensis (Nakatani 200)% 4
Bl o] g7lolAlef vz 562719 ofniito ® o] folxl YA S ks slsl= oF Y
211,689 bp)el HAHATE  E]7FolAle] BAo] AFH ol BE AT AE A
olol A HEHOIA e UFEEe 7= TNALlgel # 2AsolA A HFigure
3-3-8). TNAI_ligell Al Phel82°4] Ala206 % 6709 XE|=X(, I, Ia, IV, V, VD
(subramanya 1996), ATP &x}¢} w®rgalE 27|E ma HEHOIAH 9t AMP
Lys252 (AMP A3}), Arg257, Arg272, 2 Glu302 (21222 Z3), Phe3d2 (Fd 71+)
Lys423 (12F A%, o1& TNAL lig7t g7telAl 845 flalA 2842 ATP7 23}
o= s gugit. 2y, Asndle 7S AP EAdlA 9] Lys7379] d&skE 91A
S dA P H(Tomkinson 1990). sojgle]= ofgfIAE| A, TNAL lige] ofv] =2t A<
2 Thermococcus kodakaransis KOD1 (82.0% w94, gi:7160399), Pyrococcus abyssi
(75.0% 594, gi:b457975), Pyrococcus fiuriosus DSM3638 (72.0% & L4Al, gi:18893788),
2 Archaeoglobus filgidus DSM4304 (505% YA g111498231)i—rEi =2 FAEE
Bath TNAllig f#37% PCR S%ol oA 225U, Tdd a4e 47 ds
g mpelgro]l R H T} SDS/PAGESE H4-& 63-kDa @A (Figure 3-3-9)0]1%} 1L
OlAL 62-kDa ©Md 2 C-deto A2l LEH6-(His-Tag)l-kDa | Elo|=2 A% &
& AAES dAEAd Atojzoelar, ojRe] FelHAX Alge] FE AR

i)

(i) ZAae Asistd 44

TNAL lig®] #]7telAl A& & viel o] ZAHUTG. F4LS n2oA ZetA %
AHY:, A2 227k 80 T oI, 40-50 TellAe Hdl &4 40%ET 2
(Figure 3-3-10). TNA1 ligel & pHel @3- pH 6.0 A 100 Atolel A S a
HH FAEE pH 75 otk Mg” 2 Zn®'9 H7le S 423 F/AAAW olE
o] 22 Ca¥, Mn*, 2 Ni”'ol <Jald A=l d 4 gdrh(Figure 3-3-11). Mg* 9] A
2 FEE 05mMoR ARHAT. FHFAL, @rtobAl &4 Mg 7t glol® #3o)
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9tk TNAL lig 84S 91814 d9S Fez 3% &5 Aoz Bgou 40 mM9
NaCl € 6 mM KCI& ZAHEE 7+7F 20% 2 30% % 7FAZ tH(Figure 3-3-12). ATP ¥
Apob Adtete 7)e EAlE APTS FLE e AL v 5= oy mAld 27t
obxle] NAD' &7F stk RaES Ad BA o] aAd grtetAloA xzaie] o+
S dFsted $EIA e S AA G olFS HEs|E] 98, TNAL lge =
T2 a77F A¥HA. Figure3-3-13914 Hole 238 ATP 9 NAD'7F TNAI lig
GAEE $& X R FHAT A7) grletAle &4%== ATP % NAD'7F glod
o wrekrh %3 TNAIL lig FHl%s<tel ATPe 94 =& gloizl $jshe],
TNALlig7t 2 9€ ATPE &RA7]7] f8iA del&sx &e 71d3 d-3gLeug 5
Qo A-F2R A TNAL lige] @7tetA &4 WakA Fark. d=o, 32P-
dolgd 714E& o] &3 EAdAE & AT} Figure 3-3-1401 4] Ho]Xo], 70¢<]
YA EU Qo] =9l golAol A AELS ATP ®rlolygl NAD+Z HE5 o]z wkgo
A dEbgth ol Ade TNALligZb T80 2ahe 37 2e Fu) 718 AHE &
A 2o & AN NAD'R BEHoIR &k &4 ATP7L glollo]ld A
ol §HAUS W Brd &4 Aol =i, o]R& NADVF ¢ AEHE 25498 7t
2z a8y, NAD' o 53 9-944 2464 ATPe &3k9] R} v569)
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THAT NGDMKYTELSDLYRRLEKTTLKTLKTKFVADFLKKTPDELLEVVPYL | LGKVFPDWDERE 60
TkKOD1 MSDMRYSELADLYRRLEKTTLKTLKTKFVADFLKKTPDELLE | VPYL | LGKVFPDNDERE 60
PaGES ——-MRY | ELAQLYQKLEKT THKL | KTRLVADFLKKVPEDHLEF | PYL | LGDVFPEWDERE 57

PFDSI3638 ~~~MRYLELAGLYOKLEKTTMKL | KTRLVADFLKKVPDDHLEF | PYL ILGEVFPENDERE 57
IR R TR RN R DORRRRRR, K1 D KoK, DRRRR, HHK R
THAT LGVGEKLL | KAVSNATGVQERE GESVALAL FSQPLTIKRVY 120
TKKOD1 LGVGEKLL | KAVSMATGVPEKE GESVALAI QPLTIKRVY 120
PaGES LGVGEKLL | KAVSHATG | DSKE | ENSVKDTGDL GES | ALAVKKRKQKSFFSGPLTIKRVY 117
PFDSII638 LGVGEKLL | KAVAMATG | DAKE | EESVKDTGDLGES | ALAVKKKKQKSFFSOPLT IKRVY 117
B e T e T ———
TNAT QTFIKI AEASGEGSQDRKLKYLAN| FMDAQGPEEGKY | ARTVLGNMRTGVAEG LRDAI AE 180
TKKOD1 DTFVK | AEAQGEGSQDRKMKYLANL FMDAEPEEGKYLARTVLGTNRTGVAEGILRDAIAE 180
PaGE5 QTLVKVAETTGEGSQDKKMKYLANLFMDAEP | EAKY | ARTVLGTHRTGVAEGLLRDAISL 177
PIDSI3638 QTLVKVAETTGEGSQDKKVKYLADLFMDAEPLEAKYLART | LGTNRTGVAEGLLRDAIAM 177
DRI RIS KT HIORR L DRI K, ok AR RRRRR L RAIORE
THAI AFKVKAELVERAYNLTSDFGYVAKVAKLEGNDGLGKVHI Q1 GKP | RPMLAGNAASVKEAL 240
TKKOD1 AFRVKPELVERAYMLTSDFGYVAK | AKLEGNEGLSKVR| Q1 GKP | RPHLAQNAASVKDAL 240
PaGES AFNVKVELVERAYNLTSDFGFVAK | AKTEGNDGLAKVT Q1 GKP | KPMLAGQAAN IKEAL 237
PFDSI3638 AFHVKVELVERAYMLTSDFGYVAK | AKLEGNEGLAKVOVOLGKP | KPMLAGQAAS IRDAL 237
o, RO IO KR, DK R R R, L0
1 m
THAT L 1YSRRLENVTRS | PEVVDAIKAS IKSERATVE 300
TKKOD1 1VYSRRLENVTRS | PEVIEAIKAALKPEKAI VY 300
PaGES L TIYSRRLENVTRAIPE I VEAIKEALKPTKAI VY 297
PIDSI3638 LENGGEAEFE [K 1 1VYSRRLENVIRAIPE IVEALKEAI [PEKAIVH 297
e DRRRDIDRK
Ma
THAI GELVAVGEGGRPRPFQYVLRRFRRKYN | EEMI EK | P[ECNLFDVLYVDGEPL IDTPFRER 360
TKKOD1 (GELVRVGENGRPRPFQYVLRRFRRKYN 1 DEMI EK | PRELNLFDVMFVDGESL IETKF IDR 360
PaGES GELVA| GEDGRPLPFQYVLRRFRRKYN | EEMMEK | PAELNLFDVLYVDGVSL IDTKFMER 357
PFDSI3638 GELVA | GENGRPLPFGYVLRRFRRKHN | EEMMEK | PAELNLFDVLYVDGQSL IDTKF IDR 357
oty ok, bk oopbbhokttonk ok Dok okt ekttt wkt] ok Tk TH
w
TNAI RAKLEE | VEEGEKL KLAGOLVTKKVEEAEEF YKKALELGIJEGLNAKRLDSVYEPGNRGKK 420
TKKOD1 RNKLEE [ VKESEK | KLAEOL | TKKVEEAEAF YRRALELGHEGLMAKRLDS | YEPGNRGKK 420
PaGES RKKLEE | VETNGKVK | AENL | TKNVEEAEGF YKRAL ENGIJEGLNAKRLDAVYEPGNRGKK 417
PTDSH3638 RRTLEE | [KGNEK | KVAENL | TKKVEEAEAF YKRALENGIJEGLMAKRLDAVYEPGNRGKK 417
ERRRRDD | DRTED DRIk bk ok ok
THAT LGSFLY TDEDLY 480
TKKOD1 IWLK | KFITMENLDLY | | GAEWGEGRRAHLLGSFLVAAYDPHSGEFLPVGKVGSGF TDEDLY 480
PaGES IWLK I KFJTMENLDLY | | GAENGEGRRAHLLGSF | LGAYDPETGEFLEVGKVGSGF IDDDLY 477
PDSI3638 NENLDLV | | GAEWGEGRRAHLFGSF L GAYDPETGEFLEVGKVGSGFTDDDLY 477
B Y ——
VI
THAT EFTKMLKPL | |GGEGKFVE |EPKVY | QVTYQE | GKSPKYRSGFALRfPRYVALREDASPE 540
TKKOD1 EFTKMLKPY | VRQEGKFVE | EPKFV | EVTYOE | OKSPKYKSGFALRPRYVALREDHSPE 540
PaGES EFTKMLKPL | |KEEGKRVIIQPKVY | EVTYQE | GKSPKYRSGFALRPRYVALREDHGPE 537
PFDSI3638 EFTKMLKPL | | KEEGKRVHLOPKVY | EVTYQE | QKSPKYRSGFALRPRFVALRDDHGPE 537
Kbk KL K Kok, ok ek | b
THAT EADT ERI AGLYEFQERFKAKK—— 562
TKKOD1 EADT | ERVAELYELQERFKAKK—— 562
PaGES DADT | ERI AGLYELQERNKGKV—— 559
PDSI3638 DADT | ERIAGLYELGEKHKGKVES 561

AR KRR D K

Figure 3-3-8. Amino acid sequence comparison of the DNA ligases from
Thermococcus sp. NA1 (TNA1l), 7. kodakaraensis KOD1 (TkKOD1), Pyrococcus
abyssi GE5 (PaGE5), and P. firiosusDSM3638 (PfDSM3638). The dashes indicate
gaps, and the numbers on the right represent the position of the last residue in the
original sequence. Identical residues among the four enzymes are marked as ”"*”, and
residues with conserved substitutions and semi-conserved substitutions are marked as

"

and

"" respectively. The residues found in only archaeal ligases are marked by
an overline. Regions IVI are boxed and indicated. The (a) AMP binding residue, (b)
ribose binding residue, (c) purine stacking residue, and (d) phosphate binding residue

are marked above the corresponding residues.
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Figure 3-3-9. SDSPAGE of the purified enzyme. M, standard 1, crude extract; 2, after
heat treatment; and 3, purified by His-tagged affinity chromatography. The molecular
mass standards (lane M) were phosphorylase A(103 kDa), bovine serum albumin (77
kDa), ovalbumin (50 kDa), carbonic anhydrase (34.3 kDa), soybean trypsin inhibitor
(28.8 kDa), and lysozyme (20.7 kDa).
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Figure 3-3-10. The effects of (A) pH and (B) temperature on the activities of
TNAI1_lig. A: Activity assays were performed under standard conditions with the
following buffers (each at 50 mM): MES, pH 6.0 - 7.0; Tris-HCI, pH 7.0 - 9.0;
Glycin-NaOH, pH 9.0 - 10.0. B: Activity assays were performed under standard

conditions as the sample temperature was increased from 40 to 80 °C.
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Figure 3-3-11. The effects of (A) wvarious divalent cations and (B) MgCI2
concentration on the activities of TNAIl_lig. A: Each substance was tested at
concentration of 1 mM in standard nick-closing activity assay buffer. B: Activity

assays were performed in the presence of various concentrations of MgCI2.
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Figure 3-3-12. The effects of (A) NaCl and (B) KCl concentration on the activities of
TNAI1_lig. A: Activity assays were performed in the presence of various

concentrations of NaCl. B: Activity assays were performed in the presence of various

concentrations of KCIL
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Figure 3-3-13. Ligation assay of TNAI_lig in the presence of ATP and NAD+ using
a radiolabeled substrate. The nick-closing activity was determined by ligating
32P-labeled nicked substrate as described in materials and methods. This change in
size was monitored on denaturing 15% polyacrylamide-7 M urea gels. Lane 1 (ATP),
after reaction with ATP as a cofactor at 80 °C for 20 min; lane 2 (NAD+), after
reaction with NAD+ as a cofactor at 80 °C for 20 min; lane 3 (C), before reaction

with ATP as a cofactor.
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ATP NAD' C

35mer

Figure 3-3-14. (A) The determination of cofactor requirement of TNAI_lig, (B) the
effect of ATP increase on the activities of TNAI_lig, and (C) the effect of NAD’
increaseon the activities of TNAI_lig. Assays were performed under standard buffer
of nick-closing activity assay (A), in the presence of various dNTPs and NAD" (B),

as ATP concentration increased; (C), as NAD" concentration increased.
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(3) 13 EA Tz ugE ol a4

(i) TNA1_POPY] x4 Fx 9 Az i g

FHol], HYAEL 12(70-90 T)olA AebE M Thermococcus sp. NA1S £
A, AE MERES F3lo], 1,851 bpo 2 AR o= g z e s,
o] A& TNAL1_POPolg} WwW3la, 7. kodakarnsis KOD1(83% %54, Fukui et al
2005), P. abyssi GE5 (79% “+%Al, Cohen et al, 2003). P. horikoshii OT3 (76% 54,
Kawarabayashi et al. 1998) % P. firiosus DSM 3638(76% “3-54, Robb et al. 2001)¢]
z2d gHuPE ol FAE duldE G353 & %loiq(Flgure 3-3-15). 4=
stg g@de 70380 Da 3 4989 PIe 7H 616 ofv]Aite® A=At ofn] it
Ade] FHo| 7] x3be], Serd77, Asp559, F His591>- TNA1_POPe| ZFul 7|2 o

QL

Atk TNAI_POP #3zte PCRE ¢]&3te] FEFEU, FAHol g4e &34
A FEE02RE AAHAT. SDS/PAGES] £ ol 72- kDag] wujdo] £
H AR T8 AEo® BAthHFigure 3-3-16). o] 22 704 kDa POP &y} iyl
Aol C- ook RR2 -VDKLAAALEHs—(His-e] )¢l 4238117 kDa9] 23 #A =Y
o g A7) otk

(i) Ea9 Astshd 54A+

TNAI_POP9 7]%2 Suc-Ala-Pro-pNAS 7Feidld & = THozRE gy
Atk olE VAL EEOl A AFRH AT 22U S A ETholAl o] S-S Lo
A s FHRAFERQeH, 80 ColA HA g4 non, Ao 10% wvke &4

o
o] 30-50 T % 100 CollA #HZ= A h(Figure 3-3-19). Z=2Y Lo afME|thopA] A
Oﬂ g pHel 932 pH HE 4-109A4 of 2 458 NE o] &35 “17“4»*# A gk
2 pH 75 ] tH(Figure 3-3- 17) 100E7+4] 50 mM E & 2~-HCl &% (pH 7.5)%t0l
4180 T B 90 CollA 2ujekst & dddd 2 44stE *éﬁwl Hste] 80 C

4
o] A1 TNAL_POP®] Al &5 A At FdAd ;_*5‘% Z+7F 80 T % 90 T
oA 10 ¥ % 6% F2uks3 T A9 6u FTrtslE o= B Yth(Figure 3-3-18A).
2 Aol Al ofet g4 EA43t= P furiosus POP(Harwood et al. 1997),
P. horkkoshiiZ%-€19] olholu]:Ab-w3%  FA(Ishikawa et al. 1998), Sulfolobus

soltitaricusZF-E 2] A EW @z B3] & A (Guagliardi et al. 2002) 2 Thermococcus
sp. NAIC ZHE 9] ofn| :=3E|tholA| 22 th2 dulyd Ragihe 34 #FHAT 90
Tl 21 Fen o] 9s)4, TNAI_POPS W7 (1) 221822 A4S dojw ot

(Figure 3-3-18B). TNA1_POP¢] =&/ 3t &2 95Tl A 2443 Fol= %7]9] POP

A o] 249% m|wkel P. furiosus *L&.‘Jé‘ %E] FE] thob Al (Harwood et al. 1997)9] # 3}

v - HlszEkdeh. stob¢-=(Harwood) 52 IL2olX #A&AEHE P firiosus ZZ Y &7

A ElttolA| o] BEA st AL Rl A X}ﬂ%ﬁ of e FE 719 Aojgta AEEd
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ot AAZ TNAL_POPE €<t AgolA AL&3t P. furiosus POP9 Z Xt} 708] &
2= v W FE(1.25 py/mDE ALEEAL, P. furiosuse] 3AE 54 ZAEG4L ug
/mD2 w9 kASH I, 95 TollAl 20 Al 9 %7] &4 59 oF 80%E FASATE
TNAL_POPe] #E=olx A7F &3 He Ao sl HE2EHA  FUrh
TNA1_POP ¥ P. firiosus 223 Szl nME|thoba] AR & el L= Aols}
AN, MR = A = 3] ZEH] AU ZF7; Prol68ell gk Alal68ol A |, Ala242

of ta Pro242 % Prod45°] wld Glub4s. Table 3-3-2% TNAL_POP® &Ae] Zn™
9 Cu¥ell o8l Al JAIE = Ae Rolil, Co” R Nir'el oJsjA ofzk oAl W= 3
& welth

Table 3-3-2 he effect of metal ions and EDTA in TNA_POP.

==012 £= EDTA TmM  ACHE 24 =(%)

Ba®" 133.5
Ca™" 133.8
Co®” 462
cu®” 16.7
Mg™ 128.7
Mn* 98.3
Ni 46.5
Zn*" 3.4
EDTA 145.7
Control 100.0
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Ba”, Ca® ¥ Mg”ol 93 F7te &L AbgHoz A7 BE F&o]20] AAHE
5 AAsA wgEA ety 1A EDTA-Hed AsodAe 1 A== &49 F7t
7F dojd el *é”élqoixe‘ F k. #8984 42 Suc-Ala-PropNA<S ©]§3}
o] FHYAL, Kn(04 mM), Vima(184 pmole/¥/mg) LD ke (225 S Frol A9 &
A EZRE ﬁ]"‘lElgiE}(Figure 3-3-19). e R F. meningosepticum,
Sphingomonas capsulate % Myxococcus xanthus (Shan et al, 2004)Z5F-E 2] At <]
POP2l AEF Hund Hx] Suc-Ala-Pro-pNAo] o3 ZIHEE  HAth
Thermoncoccus sp. NAIZFE 2] 22 | afE|ttolAdle At 24 S| a3 E
tolAl Rt e K, 9 kas 7FATE Suc-Ala-Pro-pNA<Q] 7FpEdlo] et k., w2
Tk ZEU-3 S agElel = digk e ¥ zZad S agjEtiolA, & A%
zg2 g uPEtiolA, @ P furiosus TEE 2 AFE TrolA Y AESF v]w3 wh

o] A tH(Harris et al. 2001; Polgar 1991; Walter % Yoshimoto 1978; Yoshimoto et
al. 1983).

(i) 5%

Ao M= T, kodakarensis KOD1, P. abyssi GE5, P. furiosus DSM 3638 2 P.
horikoshii OT3el Z&tAl A#sel e Z2 e tolAls dassta =
Thermococcus sp. NA1 F 3425 A4 4 7154 ddS B ZdAs gk dol e
ol 2~ AL Thermococcus sp. NA1C. 2R Ele] 23 &g uH e rio}A o] oln] =ik A

AL Flavobacterium meningosepticum (27%)(Yoshimoto et. al. 1991) 2 == =
FHY EHF 2 SuHNETolA (29%) (Rennex et al. 1991) 2 <17ke] T Y=
T (29%)2FE ] 229 gl aEvtolA ot A do] HuHAS 0 e IS B
th HE o]& EAhe AAARl FAE S W HolA W Hu| Egjoloj= 7]E 7HA
e C-IHAE 2 BE gl

Aol ek pH 23U sk dokth oA o]Fe] F-RG AH g, F
7hel pH-oEA &4 Fdol F&ats AAY Bivh & pH FE7F o A
i, oA =HAY ZrY S ufEvtelAl @ P furiosus ZEE S L] EtholA 9
F ZaadolA wF FFHUAT Wl B} &4 F. meningosepticum 3 WA 9

2 6.80] A tH(Kreig and Wolf 1995; Yoshimoto et al. 1988). &l 2]~
At 22y S ugEvtelAle] pH &4 3tet AAE o]F vk

ekl ExC “459 pK,S 7t 7% 1E(OME P. furiosus Z2Y g 1 Eth
ofAle] = HA aF) olesEAE 7Y Aeoltta FAATH ZAEAHS EDTA,
W Aol o9& oAwA ¢kr] wWEe, TNAI_POPS &5 AE duid s gt of
WA R HRIth EAZAC dg tE F&Holo oI AdFS T, *
TNAI_POP7} Co*, Cu?, Ni* % Zn*'o| olaf o}A] &gk},

=
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PHOT3

Figure 3-3-15. Sequence comparison of the POPs from 7hermococcus sp. NAl
(TNA1), T. kodakarensis KOD1 189 (TkKODI1, gi:57640358), P. abyssi GE5 (PaGE5,
gi:14521352), P. furiosusDSM 3638 (PfDSM, gi: 77197) and P. horikoshii OT3 (PhOTS3,
gi:14591079). Dashes indicate gaps and numbers on the right represent the position of
the last residue in the original sequence. Identical residues among the four enzymes
are marked as * and residues with conserved substitutions and semi-conserved
substitutions are marked as : and . respectively. The underlined regions are the
residues composing the active site predicted based on the crystal structure of porcine
POP and the sequence alignment. The signature Ser-Asp-His catalytic triad is in

bold.
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Figure 3-3-16. SDS-PAGE (12%) of the purified enzyme. The molecular mass
standards (lane M) were phosphorylase A(103 kDa), bovine serum albumin (77 kDa),
ovalbumin (50 kDa), carbonic anhydrase (34.3 kDa), soybean trypsin inhibitor (28.8
kDa), and lysozyme (20.7 kDa). The band corresponding to the enzyme is indicated

by the arrow
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Figure 3-3-17. The effects of temperature (A) and pH (B) on the activities of
TNA1_POP. A: Activity assays were performed under standard conditions as the
sample temperature was increased from 30 to 100 °C. B: Activity assays were
performed under standard conditions with the following buffers (each at 50 mM):
sodium acetate (circle), pH 4.0 - 6.0; sodium phosphate (square), pH 6.0 - 7.0;
Tris—HCI (triangle), pH 7.0-10.0.
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Figure 3-3-18. Effect of temperature on TNAI1_POP stability. TNAI_POP (1.25 g/ml)

was incubated at 80 or 90 °C in 50 mM Tris-HCl buffer, pH 7.5. At the time shown,

aliquots were taken out, and the activities were measured in the same buffer at 80 °C

using Suc-Ala-Pro-pNA as substrate Figure 3-3-19. The effect of increasing substrate concentration on the activity of

TNA1_POP. Activity assays were performed under standard conditions while the

concentration of Suc-Ala-Pro-pNA was varie.
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(4) 5G4 otv =3 EjthobA] P

(i) olv = e tholAl P (APP) F3Ate] 9 72 9 A3 a49 2y

Ndel 2 Xhololl 9 Z#A(flank)¥ Thermococcus sp. NA12] APP 7 zFe] %
Aol Al DNA®H 7 o] zZetelw (sl [5°-CGA CCC GGC ATA TGC GCC
TCA ACA AGC TCA CTT CTC TG-3'; Ad¥z 3] % <¢tejdl~ [57-CTC CAC
ATC TCG AGC ACG ATT ATC AGC TCC CTC GGT GCC-3'; MEwz 4]; 47
Az Zalolu] dtol] ol g X Ho] Ndel AbolEo]ar, SHE|AlA Zatolu] dho] o]l
AR ® AMdol Xpololths ol &3te] FTEHAUY. FHH MAL Ndel 2%
XholZ Tho| A AEW I, Ndel/Xhol TholA|Z~EH pET-24a(+)o] AAFUT. AAE
(ligate)= E. coli DH5aol A A=A, A3 F2AE 713 THAE] Ad &4

oAl gl o MEEda, F29 DNA NE& #4359 APPE 7[A 3 glgol &
AEAE B AL 70-90 °Co EE& ewdA AFeE nEAY wAlT

Thermococcus sp. NA1S 28 At Al 71 ES B4 o zH 356 ofn|w=alo
TAE o EFEAFC] 39,714 Da Q1 @A g5 gst= 1,071 bpR TAEE 2E
93 ZHJ(ORF)E THstAT 971 E HluEA

A)  Pyrococcus abyssi GE5 (74% U)ol F44 APP #F3A % Pyrococcus
horikoshii OT32] YFEITHA|(74% &dd)ol dde] =2 {FAMS R FHFigure
3-3-20). opn =t MARM L E coli APPS] AR FZeA G4 o] wiglo] #HH &
A WNER BT A &9, F e ofAgEEL %_}7], & e sl=Eld 7]

7

J
rlo
~
g
=
2
8
IS]
23
1]
=
o
g
—_
3
a
\
112 o

_\|L
—
z
::>

Aoz AAHT 97 WE] o AEE Tk BHS ¥
Bastath ol A4S BeAsy] skel, APP $AA4E PCR 71We Agetel ZE5T
wHE RS HEAe AE FEB2PY 7@ el dste AgAlsta
SDS-PAGE®l 9g 42 C-wadeA LEH ¢ (His-e]1)ell 4-§3t+ 1-kDa HElo]=

% 40-kDa APP ©¥ld e FAE §3E] 7IE 719, 41-kDa @ do] & wH e

AAE AR Fo AR THE A& B FH(Figure 3-3-21).

(i) obvl:=FElttelA] P &40 Aty 54 11
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Boago] AAw vl A A Al APP 7]dol st o FA4E AFsdon, oA
< Lys(N°-Abz)-Pro-Pro-pNA S 7}=E8atE Aol oste] APP @43 HoFTl APP
T ouE B A9 oA C-Zw A ZEAS e =g i
FE AT, T A F oA U7 ZEUQA el EE2EE N-UH ofuxeiks &
olgog AAsE wwARsiaser AxF Eivh CFEel= 2 Lys(Nf
-Abz)-Pro-Pro-pNAE 7]"rv‘f‘6ﬂfg T JEAE B7] 9359, Met-Prool W3t 7}4=5 3|
GAEE AFeATt o] AxF E4E Met-Pro TR B =S HusA 7t 5
21Tt  Figure 3-3-22A9| L}EM H &, Met-Prooll W3 APP 4L & 250
A s FREAI, 100 °C ool HABAHLEE BHFa, 40-50°Coll A 232

H ANZEET 10% A2 A=At 93 FFe] Lys(N-Abz)-Pro-Pro-pNA$t2|
Aol A Eek vepar vk APP @l ek pHe| 932 pH H9 4-80 A4 thdst
g g o] &3t FAsAT SEAE, APP #49 A pH & Met-Pro (Figure
3-3-22B) 2 Lys(N*-Abz)-Pro-Pro-pNA (Figure 3-3-22C) ol ths}e], 2tz pHEk 5 2
65-7T2 T2 A yvebyth d A B e S4E 50 mM &TE ofAH o E

S8 pH 5 80 2 90 °CollA wigFsgoz =A3tc. APPE Fol vl$- "J@“—*‘EE
A, a8 W77 80 °CellA 1008 o] deolgiar 90 °C ool Al 49% ool qlth
(Figure 3-3-23). SH|FAE, 80 °CollA 2R 7H APP= AUzl &4o] 208 el

20% 74 F7 8= Ao 2 UEyth(Figure 3-3-239 A ed) 4% 248S 93 nEH
obr| =2k 719 EAl= TNALAPPZE #4019 #H7bd &) 43S w8 F% 3t
= A GA G Figure 3-3-240] Yepdnl iz 2 @y fAoyy gho] uig

I
Co™ o9 Hrle 1 284S 254 F7/MNZHeH, Mn? ¥ Zn? & @45 77 5
9 4u) ST AT ol2ld o] 2EL TE 271 YolLER wA" F fATHBa®, Ca¥,
Cu®, Fe*', Mg®> % Ni¥). APP @A W& Co*, Mn* % Zn* ¥k E3+= 3 mM
CoCly, 20 mM  MnCl, ¥ 04 mM ZnCly, oA Hu&d & Hof vjg & dhgS Hof
-Zrﬁiq ey, oy e FolRES 25 HHFE oo 357}5]21% o A #Y
V,

= °klstait %%%EW#S Met-Pro& AH&3te] FaA3HAL, Ky (096 mM), Vi
(796 umol min' mg ) ¥ keu (541 s # WNEEHE A5 S4E FJorREH
AF3Fed o (Figure 3-3-25). 04—?94 F2-APP §AAE= 037]}\105 BNS Bzl 9
Ae FAsa, dSFHE 7152 E colild DAY Az Tae A3eE 479
& F3te]l Agladrt. OlEi‘ﬂ o] EAle TNAI_APPS] o}vliib M o] zhzh w4
it 1. kodakaraensis KOD1, P. abyssi GE5 2 P. horikoshii OT39] A& Q714 GollA
o 7 he F484 APP 2 g Mo F44 tsiEtiolAel wi- A HA dvk=

b

S BoFEd, RS T3 AT Sulblobus tokodaii str. 7 (39%) E E. coli 0157
(26%)°] APP % Drosophila melanogaster (17%), <1z (19%), #F(@21%) %
Caenorhabditis elegans (20%)2] MEZ APP}e] FAMAH S HolFr AEFHow B owb
Hol AAE ThE Met-Pro ¥ Lys(N'-Abz)-Pro-Pro-pNA ¢ 7}E&jo] o3& o=

- 146 -



== A" APP %"é% et T4 YR REHY EE & APP & H4
55 °Ce] XA HXEAMS el 7. kodakaraensis KODI«] A 3o zrE

AA " Goll kA EE Z 2 olA|(TT protease)S A €] 3stal, Thermococcus spp.=
HE Fod e Zadgola] © g tholA|7F EE«] B 259 70-85 °ColA &
7+ %}*é% z&% s AS wgld o, TNAL_APPZF 100 °C o] el H3 255 o

BYtE RE 8¢ dolth. TNALAPPZF dell 53] Hg A9l Eadte AL o &
27} 80 °coﬂx1 tip © 100 & oldelet= Aol o FHEr. o vobrt TNAI_APP7}

Ee 2EdA ] FE A odte] A At He AAY dEidrh &2 A F
Qre] ol o3| ofrj¥ FAstE ofdoln|mab-E G4 AlXY ZRHolA|, ZEY A
ERE A 2 F2EHBAFE T AE £33l P horikoshil, Sultolobus solfataricus B
= Thermococcus sp. NA1 258 AHAAH o2 did E& x| =3 #2= A
HE I wAYFS AFHA SR 2 o] gaoa] dof| o3 Feusiyt o g
e T RAom FEArh Fol2E o2 (Guagliard) & H-FA Tl o3 &
el T/ 54948 AEYoRREHe WY g4 EX]O]UJ], a2a o] R BHE 2E
A olge AL AL > G due A3 gt ezt Erh
TNA1_APP9] ## pHE th2 APPe} THEE oFibA HM Well (pH 5, 6.5-7) %Lt |
|

= Ao doA EE® wAg APP7F Egt] 7] d(bradykinin) ZFFEEsel A 659 FH A
pHE ®olFa glof, tiitie] APPE pH 7-9914 H# &4g vehdvh o olrt,
HA pH#S Met-Pro @ Lys(N®~Abz)-Pro-Pro-pNA 9] 7}F&Es|o) th=24 byt

t}.  Lactococcus lactis ZEHFEE JTA 9 g2 IJdorREHY FITAEAHY,
Thermococcus sp. NAIZHE S APPE Co' 2 Mnol 93] =S W= g5 540
th Zn? wE (5 ZHE BYgEd, oA RE IFEE 9 (O elegans °| APP9)

Zn* A9} whoE )
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zaGEs TSTILEELELYR
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THAL

TkKoDl PLEVLMRELRMREDEEELELMOKASEVADRVFER

Thot3 IEELRMIKDEEEVEMMEEASRIADKVFEEILTWD: LI.:}J’.ER.E:_.P_L!(IEJ
PaGEs MKEALRIADKVFEEILSWDILGMSEKELATRIEVRIRELS 179
Wy opdk RN wdy | Ruahyp W dwkEd g TR ki pARREAEL RhE ok
TNEL DEISFEPIVASCENGANPHEAPGEIRKLGEGDLVILDYGARWECYCSDITRTIALGREDER 239
TkROD1L DEISFQPIVASGENGLNPH] ILDYGARWKGYCSDITRIVAIE 238
PhoT3 DGIAFEPIVASGENARNE LDYGARWRGYCSDI 238
PaGES DEVSFSPIVASGENSLNDH] LDYGARWREYCSDI 238
O S S ek ke ik ok ok ek "
THAL LLEIYEVVENAQEGAFQTVREGLKARE VDRAARNY IAFAGYGEYFTERTEHGLGLDVEEE 258
TkEODL  LLEIYRIVKEAQEDAFQSVREGIKAKEVDRAARETISRAGYSEYFTERTGHGLGLDVEEE 299
DhOT3 E 299
PaGES: VEEAQERAYRAVREG I KAREVDKVAREVISEAGYGEYFTERTGAGLGLDVEEE 259
hppaw, gk hhd ko kR kR Fhy kg hdkEd ik Ak AR kw kv *
LYVEGLEGVRIEDDVVVEGEHGRRLTEAPRELIIV 35¢
LEGLGGVRIEDDIVA 256
FELEGVRIELD I 356
Y IGFDEEVILENGMIE GIYIFGLEGVRIEDDVVVE -GKGRRLIFAGRELITV 355

Rk AR FAK K HEEERE AR RANE cE R kAR R AR AL K Fok kR kEk s

Figure 3-3-20. Sequence comparison of 7hermococcus sp. NAl aminopeptidase P
(TNA1APP), E. coliaminopeptidase P (EcAPP, gi:113751), P. firiosus prolidase (PfProl,
gi:17380168), and E. coli methionine aminopeptidase (EcMetAP, gi:113740). Dashes
indicate gaps, and numbers on the right representing the position of the last residue
in the original sequence. Identical residues among the four enzymes are marked with
an asterisk (%), and residues with conserved substitutions and semi-conserved
substitutions are marked with two dots (:) and one dot (.), respectively. The putative
active site residues participating in metal ion coordination and in proton shuffling are

bolded and underscored, respectively.
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Figure 3-3-21. SDS-PAGE (12%) of the purified enzyme. The molecular mass
standards (lane M) were phosphorylase b (103 kDa), bovine serum albumin (77 kDa),
ovalbumin (50 kDa), carbonic anhydrase (34.3 kDa), soybean trypsin inhibitor (28.8
kDa), and lysozyme (20.7 kDa). The band corresponding to the enzyme is indicated

by the arrows.
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Figure 3-3-22. The effects of temperature (A) and pH (B, C) on the activities
activity of APP. A:Activity assays were performed under standard conditions as the
sample temperature was increased from 40 to 100C °C. B, C: Activity assays were
performed under standard conditions for the hydrolysis of Lys(/N-Abz)-Pro-Pro-pNA
(open symbols) and Met-Pro (closed symbols) with the following buffers (each at 50
mM): sodium acetate (circle) , pH 4.0 - 6.0 KMES (square), pH 55 - 7.0 MOPS
(triangle up), pH 6.5 7.5 HEPES (triangle down), pH 7.0-8.0.
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Figure 3-3-23. Thermal inactivation of APP. Semilog plots of the remaining activity
versus incubation time are shown. APP (4 nM) was incubated at 80 C or 90 T in
50 mM sodium acetate buffer, pH 5,.0 containing 1.2 mM CoCls. At the time shown,
aliquots were removed, and the the activitiesy were was measured in the same buffer
at 80 C using Met-Pro as the substrate.The lines were obtained by linear regression
of the data.
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Figure 3-3-24. The effects of metal ions on the APP activities. Activity assays were
performed under standard conditions while the concentration of divalent metal ions

was varied: Co> (filled circle), Mn®" (filled square), and Zn*>" (filled triangle).
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Figure 3-3-25. The effect of increasing substrate concentration on the activity of

APP. Activity assays were performed under

concentration of Met-Pro was varied.
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while
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(5) 15 EA carboxypeptidase

(i) TNAI_CP f3dzkel A4 Fx 9@ Az ahel T4

Ndel 2 Hindlllol 98 Z@ A (flank)® Thermococcus sp. NAI(TNA1_CP)9] 7}2 54
HEIGolA e fxxe) WA Aol Al DNAS F 719 =Zgolw(ilx [57-CGA
CCC GGC ATA TGG AGG AAG TTT TCC AGA ACG AAA CC-3'; AE¥s 3]
2 ¢teldlxs [57 -CTC CAC ATA AGC TTG AGG TAC CTC TCC TTC ACC CAG
CG-3"; MEWE 4]; A7) A2 Zgfo]n ghel] ojelg 2l Aho] Ndel AtolEo| L, ¢t

El Al zZglolm ¢to] oY AR ® Mol HindllelthE o] &3dle] ZFZHUc). =
Zxo]zxl AEe Ndel 2 Hindll2 UtolAAEE I, Ndel/Hindll thol A ~E R
pET-24a(+)ol dA=A}. d4E(ligate)= E. coli DH5aol| A A Asty . A3

2AE 7 FrAE] AF &4 golAHd s AdEEHu, 29 DNA L&
A gte] Ft2EASIE tolAl S 7hA I SlFo] ERlE STt

47 Am ALEAME Fske], 1600 bpo® AR & fd Z o] EtAHA It
2EAFE oAl 19 FA @WAS dssetn e S EHsdnh olRe
TNAL_CP2} W9 EA, P furiosus DSM 3638 (84% %54), T. aquaticus YT-1
(35% %4) D T thermophilus HB27 (356% %A)3 vl At} (Figure 3-3-27).
Gsstd @A 59198 Dadl ol dHolx Extgk 9 pl 561& 7HAE 49970 €] ofr]
Adom A Stk Ald fEtel=vt gl wiEel] AEd wdd Aom WY
e Ade M32¢ d#AFJT. BT BAL o AT Aw AgelA ﬂ“li"]
HAEthobAl ot FEdel HFHAATE EAte AS HATL o5 f5H obvwit HES
TNAI_CP(33 WA 93%)ell wi-¢- =& A4S =

kodakaraensis, —Pyrococcus  horikoshii, 2 Pyrococcus — abyssis < E3See=
Thermococcales24-€ 213 TNA_CP (83914 92%)<} wl$- ®lzstdch. w2, 454
2 TNALCP % Al# 2223 (29 WA 37% &54) Akolo] w9 wigkth. TNAI_CP
of ole] AEAe ML oeIUEE P. furiosus CPEHFE Aozl dlojg o] 7] %3+
HEXXH EE|Zof F7}5te] 5719 REIZS ®Both T83 IRXXADZHFE 9] 3hue] of
=2k A3547F S354= nEE A RS Aslae F HEFSY. TNA_CPO S
A5 FAdste FA MEE270) 2 Teld = (H269, H273, ¥ E299)7F & By
o A%t TNAICP fr¥7= PCRE FHEoMa, Hdd 48 &34 AX 59

Atk EWSHA,  Thermococcus

22E GAHAK T SDS/PAGES] og #4261 kDa @¥&d-S Ho|i(Figure
3-3-27), o] AL 592 kDa CP @ gl ghuld el C-weko] 9li= KLAAALEH6-(His6-
t1)ell &t 15kDa fEtol=2 TN = §3 AAAE] ddEelxl Ate]=olL,
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AR AFe] Fd oAt Fako] ATk TNAL CPY doaAAL 02 mM CoCl,s® %33+ KMES €389 (pH

65914 80 C 2 90 CollA 100874 &45 Fewrsstelr BHrletgdct. TNA1CP

(i) 2B A e ot B Astets g £ 80 TolA 849 wr(t1/2)=2 A4S Lo #Hi(Figure 3-3-30), °|AL P

TNAL_CP9 71542 Z-Ala-ArgS 7HeEaT 4= 9= 5o &AM a5, firiosus CP(40%)®.t} ©f b # o]t TNAI_CPS IAA S Co?'el EAo <A
]

71 713E BE BiE EA4 A ALSEAT SFERARE TolA 242 el A 7 QFE WYtk 7D Bt WA Co¥el AfS TNAICPS wztr]1E 80 C #

o

ol
-

A EAHA, 70-80 TN HA S Bk ey, 80 TS @7k dd 374 90 TolAd WwgarE Zzt 748 9 50Ro® gaAzoen, oA Cotvt AFd
sHA Aol st th(Figure 3-3-28 #&).  TNA1_CP9| pHel wish g2 & ¢ TNAL_CP9 Fx7} 9 kA olgte AL oujdth Co®'7l flol, I (80 TolA
FEdE ol gl =AHHNUY. F, 2de olAEHCE (pH 4.0-50), KMES (pH 2087kl TNAL_CP 2437t #2352 &%, 80 CTollA &47F d48HA 58493
5.5-6.5), HEPES(N-[2-hydroxyethyllpiperaznie-N’-[2-ethanesulfonic acid) (pH 7-17.50, Holes AS 9udt}. A(Cheng) 5 P. firiosus CP7} Aol &8 -23-t) £A 22 Al
EZA-HCl (pH 8-10)& AF&3tdth &4 pHE 65 oA th(Figure 3-3-28B =), oE, T-mo-olwAE-1]-FAHoE B WA FH A l 22 gl s A
BAlRE T aquaticus=5F-E1 €] FF2BAHE|TtelAl Tage H# pH7E 8% BJ%!OH, P. Well A <tgstevt F3atdvrh e, AldadelA 125% 2HAEY e & 2
furiosus CP 2 TNAL_CP+= 4 pH7} 6508t ol F53 "ar drh LolA TNALCPO E&4355 BE3HA Xtk TNALCPE 9714, Awg, 2 Wik
Figure 3-3-26014 HolF%o] & A< 93 vwzd =i HEXXH ZEZ 2 Aol C-oet opmiite] thale] MzstE AHoR bW S04 ®ItH(Table
HESQ Mol RZEH AT oA TNAILCPE F&ol&o 9&& w8 Aolgs 3-3-3).

AL gudt, &a §9d¢ Co?'e Hrhe &4 4L 37 W F7HAZAY. 23, Co*
ol &9 ¥ thE 27} o] &(Ba”, Ca’, Cu”, Fe”, Mg”, Mn*, Ni*", ¥ Zn™)el <]}
A=A Fh(Figure 3-3-29). WETE Co®'el H7bdel 7 4L mged, of
wE Co?'o 7sk A3 wi 9% &9 w3k To FAFIE FE ol 93k AY Ao Table 3-3-3. Substrate specificity of TNA_CP and P. furiosus CP toward

o}, FF2EARNE oA A EE EDTA (ImM) Y 5 ZEoEAIZE e oA & Z-Ala-X substrate
A7 gokth. A2 EAFE oAl Tage Co?>Ca’>Mg” >Cu?'>Zn?'e] &2 F2%
ol 2o o) A3 Y, 7. thermophilus 725X FEtholAl = o] A9 AL 935} Al —
I & 2ol HIE(%)
> mE Cot Be TF&ol&o] e i . firiosus CP= Co®'oll 29 .
o] Zn Co® 22 27} 4ol dadt oll, P. furiosus CPE Co'ell <3 = TNAL CP P firiosus CP¥
A3 H A3, Zn> el &) B4stE A ekttt TNALCPY % Q&% P. furiosus 7}
2EAFE tholA o] A w=E AT P. firdiosus CP 2 T, thermophilus CP= A3 Z-Ala-Arg 100 100

ZolA Pb¥, Yb¥, Mg 2 Zn*Ze o EFERFI FF ol AFHo U,
TNAI_CPE X% o5 7IZEAHEtholAe] AESH o7 FHH F&o]Lo] oy
AQA ] @ F7F A77 Fesi Loalliet 48 6l

Cu”, Fe*, Ni*" 2 Zn* 7} 50% o]at= #F A4S 7&A71= A7E ulg o 2 (Figure

Z-Ala-Leu 62 27

: Z-Ala-Tyr 24 12
3-3-29), TNAL_CPE F%ol€oz HAgHm, CoP 7} FXoled hat AAass
#7198 H7hE At Figure 3-3-29014 Bo] %ol Cu”, Fe*', Ni¥' @ 7Zn>¢| oA & Z-Ala-Ala 16 14
e Cot'el EAel SslM FBIA Rk, olAS Al FE ool Co'dl Aol Al 1 z
TNALCPel ZatA Agsla, obnte 722 Waes Sud glojehs AL AA @)
7 Ba¥ 2 Mnt AL o] 912lem, Ca¥el Mgt TNAICPe 4o A9

* RE ke Zbzbel il el fjste] Z-Ala-Arg(100%)2] 7}

&
M
:oll_g‘
I
i
lo
ox
=
)
o
=
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&2 BAHA

Z-Ala-Asp, Z-Ala-Pro, Z-Ala-His ¥ Z-Ala-Asn°l tj3}o], ¥+ Z7olA
AAE X okt P. fiuriosusSt HlnEE, AEEE H] LS 2
TNA1_CPE=  Arg>Leu>Met>Tyr>Ala>Valel XAs=E  7HH ey, P firiosuss
o}
o

o>
st
i)
)
9
32
o
=

Arg>Met>Leu>Ala>Tyr>Val—°4 Az =5 7FAY. -9 F(Umetsu) 5ol

Sz 71 C-2de] F oA A9 opniAtel] FreAA .
24, Z-Ala-X(X=Asp, Pro, His ¥ Asn) ¢ Ala el t & ojrjx=it 7]d& 714 9]
BHE A2 F Arh W2 712 Bold s ®Holy B2 JI2EANE oAt RaH
—rkol A o] ojmimAbel HE ol 7|28, Penicillium janthinellus CP, A&
eI tolAl o] dF U Thermoactinomyces sp.Z5E 2] 7F2EA|E|tholA] T
G714 2 A2 C-2d oWt IR FAHAX FEetole AFE dAdsta, wid
o, 72 EA e thoA] A B FtEEAIFE oA C ® t2EAHE oA B R 72
EAFETelAl DE 74 A4 92 F4714 A7l dete Ad dix=E Biddh
Z-Ala-ArgS AHE3le] F88hd EAo] sty a, Km(1.4 mM), Vmax(11.4 pmole/&
/mg), B Kcat (116 s-1) # 2 THIA FA4= 34" @4==7H AdHJTG
(Figure 3-3-31). P. furiosus® Z(Km= 09mM, Vmax = 2300 pmole/¥/mg % kcat=
600 s H# ®laetd, TNAI CPx Z-Ala-Argol tiato] 80 @& Zn &89 Huh
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T. NAL MEEVFQNETIKQILAKYRRIWAISHARSVLC MEVNMPREGIFERSVAQGELSVLSQEF 60
P. furiosus MEEVFONETIKQILAKYRRIWAIGHAQSVLS EVNMPKEGILERSVAQGELSVLSHEL 60
T. aguaticus ——-MTPEAAYQONLLEFQRETAYLGSLGALA. QRTMI PRKGHGHRARQMAALARLLHER 57
T. thermophilus 777MTP._AAAVQNALEtORETAYLASJ( LAAWDORTMI PKKGHEHRARQMAALARLLHQR 57
1mf &, 5 my AW, g W » By ¥ oo
T. LLKPEFVELVEKAKG--~IEDLNEYERGVVRVLDRSIRISKSFPPEFLREMSEVTSQATK 117
P. furiosus LLHPEFVNLVEK. ~LENLNEYERGIVRVLDRSIRIARAFPPEFIREVSETTSLATK 117
T. aquaticus ATDPRIGEWLEK' SSLVEDPLSDAAVNVRAWRRAYERARATPERLAVELAQARSEGET 117
T. thermophilus MTDPRIGEW. SPL\/QDFLSDPAVNVRF RQAYERARATPERLAVELAQAESEAES 117
S HE e . EF SR TE %
T. NAL AWEEAKRTNDYSKFEPWLDRIIDLAKRAADYLGY] ~-DEPYDALLDLFEEGTT 168
P. furiosus AWEEAKAKDDFSKFEPWLDKITSLAKRAREYL ~-EEPYDALLDLYEEGLR 168
T. aguaticus AWEALRPRDDWQGFLPYLKRLFALAKEEAEILMAVGPDPLDPPYGELYDALLDGYEPGAR 177
T. thermophilus FWEEARPRDDWRGFLPYLKRVYALTKEKAEVLFALPPAPGDPPYGELYDALLDGYEPGMR 177
KX 2 sk K KiE_s: wik | K % EOREKARAK K K
T. NAL TRDVERMFKKLEKELKPLLEKIMDEGKVPQSHPLEKEKYKREQMERVNLWILEKFGFPLG 228
P, furiosus TRDVEKMFEVLEKKLKPLLDKILEEGKVPREHPLEKEKYEREWMERVNLWILOKFGEFPLG 228
T. aguaticus ARDLEPLFRELSSGLKGLLDRI GRRPDVGVLHR-HYPKEAQRAFALELLQACGYDLE 236
T. thermophilus ARELLPLFAELKEGLKGLLDRILGSGKRPDTSILHR-PYPVEAQRRFALELLSACGYDLE 236
skee 1Ak K, Kk kkgoks ke K B
T. NAL VRSRLDVSAHPFTTEFGIRDVRITTRYEGYDFRRTILSTVHEFGHALYELQODERFMFSP 288
P. furiosus TRARLDVSAHPFTTEFGIRDVRITTRYEGYDFRRTILSTVHEFGHALYELQQODERFMFTP 288
T. aguaticus AG-RLDPTAHPFEIAIGPGDVRITTRY YEDFFNAGIFGTLHEMGHALYEQGLPEAHWGTP 295
T. thermophilus AG-RLDPTAHPFEIAIGPGDVRITTRYYEDFFNAGIFGTLHEMGHAL VEQPLPKE!«WLJTD 295
wEE okkER P O . %
. IAGGVSLGIHESQSRFWENVIGRSREFAELIHPVL! LPFMANYTPEDVYLYFNMVRPD 348
P, IAGGVSLGIHESQSRFWENIIGRSKEFVELIYPVLKENLPFMSNYTPEDVYLYFNIVRPD 348
T. RGEAASLGVHESQSRTWENLVGRSLGEWERFF PRAKEVFSSLADVRLEDFHFAVNAVEPS 355
T. thermophilus RGDAVSLGVHESQSRTWENLVGRSLGFWERFFPRAREVFASLGDVSLEDFHFAVNAVEPS 355
B T T e
T. NAl FIRTESDVVTYNFHILLRFKLERMMLNEGVKAKDLPELWNEEMERLLGIRPKTYAEGILQ 408
P. furiosus FIRTEADVVIYNFHILLRFKLERIMVSEEIKAKDLPEMWNDEMERLLGIRPRKYSEGILQ 408
T. aquaticus LIRVEADEVIYNLHILVRLELELALFRGELFLEDLPEAWREKYRAYLGVAPRDYKDGVMQ 415
T. thermophilus LIRVEADEVTYNLHILVRLELELALFRGELSPEDLPEAWAEKYRDHL (-:\/AFKDYKDGVMQ 415
SAE Kk KAk kERIEIikE g © pEEEE K oay o kR ki % phi:
T. NAL DIHWAHGTVGYFPTYSIGTLLSAQIYYHMKRDIPDFEEKVARAEFEPTKAWLREKIHRWG 468
P. furiosus DIHWAHGSIGYFPTYTIGTLLSAQLYYHIKKDIPDFEEKVAKAEFDPTKAWLREKIHRWG 468
T. aquaticus DVHW: YFPTYTLGNLYAAQFFAKAQEELGP: FARGEFTPFLDWTRRKIHAEG 475
T. ‘thermophilus DVHWAGG! ,YFPTYT“GIVAYAAQFFQKA“—PELGP EPRFARGEFQPFLDWTRARIHAEG 475
FomEy K FwdxkEiiE % ikEoro:o: sE o Er FE ok ok ok oxkx ok
T. NAL SIYPPKDLLKKAIGEELNPEYFVRWVKERYL----— 499
P, furipsus SIYPPKELLKKAIGEDMDAEYFVRWVKEKYL- - 499
T. aquaticus SRFRPRALVERVTGSPPGAQAFLRYLEAKYGALYGF 511
T. thermophilus SRFRPRVLVERVTGEAPSARPFLAYLEKKYAALYG- 510
%y ox

T

Figure 3-3-26. Sequence comparison of the peptidase family M32. Dashes indicate
gaps and numbers on the right represent the position of the last residue in the
original sequence. Identical residues among the four enzymes are marked as * and
residues with conserved substitutions and semi-conserved substitutions are marked as
and ., respectively. Conserved motifs appear at 238-240 (HPF), DXRXT (248-252),
HESQ (298-301), HEXXH (269-273), IRXXAD (350-355) AND GXXQDXHW
(405-412). Accession numbers with percent identity to carboxypeptidase from
Thermococcus sp. NA1 (7. NAl) are as follows: P. firiosus DSM 3638 (NP_578185),
84%, T. aquaticus YT-1 (P42663), 35% and 7. thermophilus HB27 (YP_005684), 35%
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Figure 3-3-27. SDS-PAGE (12%) of the purified enzyme. The molecular mass
standards (lane M) were phosphorylase A(103 kDa), bovine serum albumin (77 kDa),
ovalbumin (50 kDa), carbonic anhydrase (34.3 kDa), soybean trypsin inhibitor (28.8
kDa), and lysozyme (20.7 kDa). The band corresponding to the enzyme is indicated

by the arrow.
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Figure 3-3-28. The effects of temperature (A) and pH (B) on the activities of
TNA1_CP. A: Activity assays were performed under standard conditions as the
sample temperature was increased from 30 to 100 °C. B: Activity assays were
performed under standard conditions with the following buffers (each at 50 mM):
sodium acetate, pH 4.0-5.0, KMES, pH 55-6.5; HEPES, pH 7.0-75 Tris-HCIl, pH
8.0-10.0.
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Relative activity (%)
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(-) Ba Ca Co Cu Fe Mg Mn Ni Zn Ba/ Ca/ Co/ Cu/ Fe/ Mg/Mn/ Ni/ ZnEDTA
Co Co Co Co Co Co Co Co Co

Metal ions

Figure 3-3-29. The effects of metal ions on the activities of TNAI1_CP. Activity
assays were performed under standard conditions while various divalent metal ions
(0.2 mM) and EDTA (1 mM) alone or in combination with Co?" (0.2 mM) were added

to the diafiltered enzyme solution. (=) means control without any metal ion.
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Figure 3-3-30. Effect of temperature on TNA1_CP stability. TNAI1_CP (0.8 g/ml) was
incubated at 80 °C and 90 °C in 50 mM KMES buffer, pH 6.5, containing 0.2 mM
CoClo. At the time shown, aliquots were taken out, and the activities were measured

in the same buffer at 80 °C using Z-Ala-Arg as substrate.
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10 F

Units mg

Figure 3-3-31. The effect of increasing substrate concentration on the activity of

TNA1_CP. Activity assays were performed under standard conditions while the

[ 8
Z-Ala-Arg (mMVD)

concentration of Z-Ala-Arg was varied.
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10

12

(6) 154 HE Dot e thola] &4

(i) mMEd obv = E]ttolAl (MetAP) -2kl Uz 72 2 &4 #Hd

Ndel 2 Salloll 98 = A (flank)® Thermococcus sp. NA1 (TNA1_MetAP)2] wE] o
d opn = EtholAl o] fAte] A Hel= Alr DNASH F 79 Zefelm(Alx [[57
-CGA CCC GGC ATA TGG ATG AAA GGG AGG CCC TCA TAA AAG-3'; A4
WME 3] 2 e~ [57-CTC CAC ATG TCG ACG GTG GTT ATG TAA GCC
CCC TCC TTC-3'; AEWE 4], 7] Az Zgkoly <to ojdlglgd A do] Ndel
At Eolar, QtEJ Al Ztolw gholl olRY AR f AFo|SalelthE o3t FZ5
At FEFFNZ AL Ndel B Sall® TholA=EH AL, Ndel/Hindll tho] A = E ¥

pET-24a(+)ol dA=A}. d4E(ligate)= E. coli DH5aol| A A Asty . A3
ZAE 7 FRAEC] AT T ol o AeEa, 289 DNA AHE&
A5t e ed ouweglEttelAl S THA L lFol GIH AT HFol B Ao e
215G WY (70-90C)l A st 5 BA IATF Thermococcus sp. NAIE

8} 4L, Thermococcus sp. NA19 Alm AES B4z F3S N-Zyto 7%3‘11,01]
S5 EAFo] 32981 Dagl 295 ofv|=ito g FARE A Qs slsli= 883 bpE
T3 = o] A& TNAl_MetAP2ta A At ow, 7o

1 o2 gd ZEds Esd.
kodakarensis KOD1 (85% $94) (Fukui et al., 2005), P. abyssi GE5 (72% % 44)
(Cohen et al., 2003), P. horikoshii OT3 (71% 594]) (Kawarabayasi et al., 1998), %
P. firiosus DSM 3638 (71% &<Y4) (Robb et al,, 2001) 2.2 FEH] FH 2 MetAP
Az} we FAMS YEMA S (Figure 3-3-32). A E ofu|at I B E coli
(Roderick and Mattews, 1993) 2 P. firiosus (Tahirov et al, 1998)2] MetAP AA +%
2HYH F&ol2 2dd #HE &4 59 7EA A Gy, F e oty
AF (Asp83, Asp94), & 1] 3|2=Ed (Hisl54) 2 F 71l 274t (Glul8s, Glu2gl)ol
St A TNAL_MetAP oA HEHo vk A& Bl F /A9 Fdss °d 17
£, His63 % Hisl62 = F3 HEHo] gllor, ZuzgoA o5 9 E col
ol . EITHA] P 2RE AL Aze 7|2 o 3o FAHORFEH &R FdAE W
3slE Ao HRAtH(Wilce et al, 1998). & A< &
furiosus MetAPol f+AFSE Mla 3 MetAP =w1 %<1
Zuldvel A€ F7Fe] 62 ofvlwAt AR Bkl i) aAld MetAP7F 113}
o AAYEY /‘1]“7'/] BAC AT E AS AAStE, N-2g 5] 2. &2
A9 TNAL MetAP #d7= PCROl oJate] SHHA, T 45 7] ¥y 2
Azl 71" AAH &3 7ted AE FEFEZHRH AASGAT. SDS/PAGE o &
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#2412 33-kDa MetAP ©wd 9 oy
| &3t 1.7-kDa fetol=® ¥ =
AAE Az Fo FAAE e A

o] C-2dolA VDKLAAALEH6-(His—®} 1)
FEE] 7" =79 34-kDaol @]
B o] F=H(Figure 3-3-33).

2

(i) el ofm eI thA] T Agsty 5411
B oA AAE Az AL Met-pNA o] 7FEEd] o] 2)dto] MetAP A4S ®o
FAIL o] 71HL BE WHREE A4 ARSEH AT Met-pNA©l tigh MetAP €73
EL 2R0A A EXEHAJA, HH 25F 80-90 TE Yehew, 30T-50 CTollx
= A8 12% old9 thHFigure 3-3-34). MetAP Ao i3k pHY &S pHW
4-10¢] g SFEAS AH&st] FAsA HAEAS pH 7004 #FsATH
(Figure 3-3-34). TNA1_MetAP2] <o tist dFHL 2 45 0.2 mM CoClyE
50 mM &t EZadolE ghFgo (pH 7.00WelA 80 C % 90 T2 F2ugFo
JalAth 3%, TNAI_MetAPE= 80 C 2 90 CollA 5&ulol 48448 ¢
kS

mlm
ol
o

o

Fl

[t
X
L J

P
3\1‘

st tH(Figure 3-3-35). LA AATORFHE & TAhso]l Uk

rlo mz o

(o
HE o

=2 HAARAE S HolFa 7] " ol A wjg Folg Folth. ojgte
X0 2 P. furiosus MetAPE %2 Aot AdS RAFoH90 C, pH 750014 4543k
"k7k7]) (Tsunasawa et al., 1997). Figure 3-3-32¢] ®.¢lu}¢} 7Fo] TNA1 MetAP ¢
AE opvxAt MEI P furiosus MetAP ¢F¢] H| il TNAL_MetAP7} @afihe] A
g <l Z7)(Cysh3)E 7FA &= WA, P. firiosus MetAPol A = A2=®H 2l Z7]7F A3 gl
s AS Btk =2 2% A(Larrabee et al, 1999) T+ A A2 o A (Chang et
, 1990) MetAP9] &t Al2EQl 11719 AFste] 7]Qltes Ao® BHuww gt
TNAI_MetAPS] Alz=ElQl Z717F bAoA a4l 2HAA] obdx] Agdstr] 93t
of, ¥ @ids 23513 AstA A A2H] HES AulYio R vt podto] =8 A
vz o] ES AE]stsitt. BElE W9 p-ste|l=EA v Az o] EY} 02 M
o] TNAI_MetAPE ¢+4d3] Adfstd=dl, o131 TNAI_MetAP 2 P. furiosus MetAP
ol ZAw dtggdel o)zt Atste] WAd AlzEHQl Frlel 7] %3 AolTe A&
AT 54 28 A% BEF opvedt 7] TNAI_MetAP7E &

e 4= dthe g dAE T TNAL MetAPe] 4012 87 %
FEHo)2E F&o| & Tris-HCl &8 dig &4
2+ MetAPE 0.2 mM MnCly, NiCl;, CoCl; 3 FeSO4 ¢} &
7 g-2ukg-gh —?—Oﬂ MetAP ¢ &4 &Aoo Z+7k 28 5, 4 % 38 F7kskdth. BaCly,
CaCl,, CuCly, MgCly, % ZnCly ¥ 37 3-28kg3k A foll= o] Ao e A X
HA erokrh. MetAP ¢ @&4do] td Mn?, Ni¥', Co> ¥ Fe¥¥%° &3+ Figure

o =

e

>
TS

|
|

32

Soleel A7t

=
=

=2
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3-3-36°1 WEtY 9lth. TNAL MetAP & CoCl, 2 FeSOs0l thdh kol MnClo] Zkth
10%w Rke] 7] = e, 0.2-0.3 mM MnCl, % CoCl, 2832 05-0.8 mM NiCl, %
FeS049 sZoA A4S UYeldiAdth Co® (Meng et al, 2002; Tsunasawa et al.,
1997), Mn*>" (D’souza et al, 2002) 2 Fe®" (Copik et al, 2005 Meng et al, 2002)¢] 3
7ol wekA P, furiosus MetAP 7} @43t = Aol &4 A Adrk. WEHETLAS Me
- pNA S Ag3te] FaAE A, Km (0.68 mM), Vmax (4.8 pymol min?' mg™?) 2 keat
(168 s Z& kg &e A4 249 FYozRE A4 th(Figure 3-3-37).
TNA1_MetAP:= E. coliol A fAxke] waggad 2 F2yo oste] g P
furiosus DSM  3638Z%-E] MetAPoll 84%<° A% 2 71%9 FTIAHL HIG
(Tsunasawa et al,1997). Thermococcus <914 7157do] A= Ao #HL ol &
@A ol Thermococaceae®l |l B 21 o] el A At om EAE Flojgk= A
7V27131, P. fiuriosus 2 TNAI1_MetAP Atole] C-2ete] 49l 2 N-gok gy
A HEE 15EY RAT MetAP7) dstHon AP E-Alt BA dv= A
= AAFT obr At A dellA e FEABL%), T =W 7o BE AT
HA 2= 4 pHAl = E3ta, P. fiuriosus MetAP7} <&
TNA_MetAP7} dol EHAsithe= A EvlErh TNALMetAPo & <84 4%
H exoA Wz FA4E doWE = B coli MetAP9} vl s whalth S cerevisiae
A EeHol MetAP #3 [2 #e34 St 9 vy Zretol= 9 dxslol=d
“HFAR p-stol=F A HFE MR Ao oA EBIAstEE F 9, o
o) 37] e SRS 55 o2 Ayl 91 w9 23 A e Hdxstel=d
717 MetAPe] <t Fad ATs dvkes AS AAGh ghEbv (Larrabee) &
Al2=HQl %715 DTNBGS -HELH ~@2-UEZMZAE) 9 TCEP-HCI (E#]~(2-7}
ZEAE)-227 slelmzF2ageolm)oz At A oA T AlzE] F
7] Sl st o)ide] Abar(olutE Cysh9 % Cys70) E. coli MetAPE E&A 3 71t}
L AT E. coli MetAPe] ZA A AgolA A 71d AF EAo] Cysh,
Cys70, Tyr62, Tyr65, Phel77 % Trp221c] ¢dle] wrEolxtlE AS WAt (Lowther
et al, 1999). otul=it A S-S vas]EE, &% MetAPe] Cysl93e E. coli MetAPStl
Cys703} vj <€ = QI tH(Tahirov et al. 1998: Tsunasawa et al., 1997). TNAI1_MetAP2 74
Sofl, A wAA & shhe] A2l 7] (Cysh3)7F AL, TNAI_MetAP7} p-3te]
=EA ezl o3 B3t dvks 2ds AlZ2EHQl 2717 TNAL MetAP®]
oty FZAo| ToldtE AS AASTY HY, P. furiosus MetAPE w9 dob4 A
iL(Tsunasawa et al, 1997), AA &zl Alz®EQl 715 7FA L A Foh= AL
= 3)

3 Fdavk vk wHA el EEE EfFHF MetAPE 4 Tolx 3 ALt A

=

e

rlo

o

ml

=
-

:
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A Aol FAHJTL Hausa oA HF AzERl I7E AL UA FdTh
(Kendall and Bradshaw 1992). Z1#4, TNA1l_MetAP¢tel &= Cysbh32 stube] o}n]
w=AF zpolo] o djA] ofu|nAt M A ol HE XM E coli®l Cys703 A &atA ubx]=
2 9ktH(Tahirov et al, 1998; Tsunasawa et al, 1997). X F7FA] A )7 2E FE 9
MetAPE Wlgza®adel slow ®woli, Mn”, Co™, Fe*' ¥ Zn* Z& F&ol&ol o3
@43 HAY, Bl #FARE E coli MetAPOl didke] Co”, Mn*, %
7n®'(BenBassat et al, 1987; Larrabee et al, 1999; Lowther et al, 1999); & X¢]
MetAP 3 1bel tlsle] Co*, Zn®, Mn®> @ Ni>(Walker ¥ Bradshaw, 1998); & &.¢]
MetAP #3 IIbel thdte] Co*(chang et al., 1992); P. furiosus MetAPel thate] Co2+,
Mn* % Fe*(D'souza et al,2002); ¢1%te] MetAP % IIbell tisled CO* % Mn* (Li
9 Chang, 1996)& X3ste] thE2 27 o9 EAA #FHU B A ofsH
TNAIL MetAPE Mn™, Ni*', Fe? 2 Co®'ol &3tk 7122 Met-pNAS AH8& T
A A4 date] FHIA A= 47 71Fo]l TNAIMetAPe F2 71de|a
E. coli MetAP=  EzZFo] Elo] =(tripeptide) i Rt} 2 7] dol| thdtolnt &Alo] gl
Attt Met-pNAdl tldt TNAI_MetAPS 13ke] MetAP(Km=0.67 mM)®| 22} w53t
v A g = (Michaelis) 445 B3ou, 979 MetAP(Ke = 95 min 1) ARG 433
=2 AEZE(turn over rate)S HATHYang et al, 2001). E3dA, v = HEZHNE
ol=o t3 o]52] MetAP9 Km #-2 85, 3.16 ¥ 0.34 mM (Copik et al., 2003; Meng
et al. 2002; Yang et al, 2001)°]AX %t P. firiosus MetAP7} H|EZ}fElol= 7] 4,
Met-Gly-Met-Metell Wlate] E. coli (Ke=2340 min™") 2 AH(Kcat=170 min™)e] Z1x
o =& AFEE(Ke, 27,600 min-1DE Btk wFo], n5dA uAToZHE 9
TNA1_MetAP % P. firiosus MetAP 7} 137+2] MetAP Xt} 2 Fujd AsEHTE
Boli oty 7x2H AR Y ofwwil AMEo oflHELE I7He] MetAP 3 IIb
(Liu et al., 1998) 2 P. furiosus MetAP (Tahirov et al, 1998)+ '¥|ElH =
ZHAAL Tk ol A& A E9 Eg WOl gl Falol  $1Ag

(pitabread)’ 332
gguoE Jlx Ao p-#E FxZ X3 rd. 917Fe] MetAP & IIbst 1A+
MetAP Atole] 2749 AAAA FAA AR =78k, U718 MetAP 9 Ibe] p4
9 B5 (7] 312404 319)%tell #He AYE B AFA S1 AlOlEE FAsE ] 22
ok7ko] Apol7t wrARE . Wl P firiosus MetAP9] S1 Alo]EE &A= 7 A7) F
o] 478 (Pro5l, Leu60, Met207, = Tyr265)= <7Fe] MetAP#3 IIb (Pro220, Ie338,
Met384 Bl Tyrddd)el sda7Avt BAdsolA slar, A7ke] MetAP9| Gly222 27]%, P
furiosus MetAPSto] 31 PheS50¥ A H = Phe219 dizlol] 718 9] Qo] #4d 7o
2wt}
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TNAL VDEREALIKAGEIARQVKKEVISLIKPGTKLYDIAEFVERRIIELGGKPAFFCNLSINEI 60
TkKOD1 MDEREALIKAGEIARQVKKEVVDLIKPGAKLYDIAEFVERRIVELGGKPAFPCNLSINEI 60
PaGES5 -MDVDKLIEAGKIAKKVREEAVKLAKPGVSLLELAEKIEGRIIELGAKPAFPVNLSLNEL 59
PhOT3 ~MDVDKLIEAGKIAKKVREEAVKLAKPGVSLLELAEKIESRIVELGGKPAFPANLSLNEV 59
PfDsSM -MDTEKLMKAGEIAKKVREKATKLARPGMLLLELAESTEKMIMELGGKPAFPVNLSINEL 59
s oksakkihkpakpag,n.k tRER K sk sk Kpkkk Akkkk kkkgkky
TNAL AAHYTPYKGDETVLKEGDYLKVDIGVHVDGY TADTALTFRVGMEEDDLVTAAREALENAT 120
TKKOD1 ARHYTPYKGDGTVLKEGDYLKLDIGVHVDGY IADTAVTFRVGMEEDELMEAAREALENAT 120
PaGES AAHYTPYKGDETTLKEGDYLKIDIGVHIDGYIADTAVTVRVGMEEDDLMEAAREALESAT 119
PhOT3 ARHYTPYKGDQTVLKEGDYLKIDLGVHIDGYIADTAVTVRVGMDFDELMEAAKEALESAL 119
PfDSM Al :YTPYKGDTTVLKEGDYLKIDVGVHIDGFIADTAVTVRVGMEEDELMEAAKEALNAAI 119
SRRk ok kkok ok k| kokokodkok ok ok ok gk sk kok s kkk ok ok ok kkk kg kadks kk kA k. Ak
TNAL KVIRAGIKINEIGKAIEETIRGYGFNPIVNLSGHKIERYKLHAGISIPNIYRPADSYVLK 180
TkKOD1 ATVRAGVMIRDVARAIEETIRCKCFNPIVNLSCHKVERYKLjALVSVPNVYREADTYVTQ 180
PaGES SVARAGVEIKELGRAIEDEIRKRGENPIVNLSGHKIERYKLHAGISIPNIYRPHDNYKLR 179
PhOT3 SVARAGVEVKELGKAIENEIRKRGFNPIVNLSGHKIERYKLEAGVSIPNIYRPHDNYVLQ 179
PfDSM SVARAGVEIKELGKAIENEIRKRGFKPIVNLSGHKIERYKLHAGISIPNIYRPHDNYVLK 179
LR RKy p L naLakhky kk Kk pkhkkRARAK g RARRARRK R RE kK Kk kg
TNAL EGDVIAIEPFATTGAGQVIEVPPALIFMYLRDRPVRMAQARRVLMHIKREYNGLPFAYRW 240
TkKKOD1 EGDVFAIEPFATTGAGQVIEVPPALTFMYLRDRPVRMLOARRLLMHIKKNYKTLPFAYRW 240
PaGES EGDVFAIEPFATTGAGQVIEVPPTLIYMYVRDAPVRMVQARFLLAKIKREYKTLPFAYRW 239
PhOT3 EGDVFAIEPFATTGAGQVIEVPPTLIYMYVRDAPVRMAQARFLLAKIKREYKTLPFAYRW 239
P£DSM EGDVFAIEPFATIGAGQVIEVPPTLIYMYVRDVPVRVAQARFLLAKIKREYGTLPFAYRW 239

KKK K g hokk ok kA k kkkkok Rk kkk gkok gk k g kk kkk g kkk sk gkdks sk kkkkkkk

TNAL LQGFMPEGQLKLALAQLDRVGAIYS YPILREVRGGLVAQFEHTVIVEKEGAYITT- 295

TkKOD1 LODFLPEGQLKLALAQLEKAGAIYAYPILREVRGGMVAQFEHTVIVEKEGAYITT- 295

PaGES LOGEMPEGQLKLALRTLEKSGALYGYPVLREIRNGLVTQFEHTIIVEKDSVIVTTE 295

PhOT3 LOGEMPEGQLKLALRSLERSGALYGYPVLREIRGGMVTQFEHTIIVEKDSVIVTTE 295

PEDSM LONDMPEGQLKLALKTLEKAGAIYGYPVLKEIRNGIVAQFEHTIIVEKDSVIVTTE 295
Sk | pkokokokkkkkok kgp kb gk kg kakak Kk gkkkkk gkkkky | sk

Figure 3-3-32. Sequence comparison of the TNAI_MetAP, Thermococcus
kodakarensis KOD1 (TkKODI, GenBank accession no. YP_183596), Pyrococcus abyssi
GE5 (PaGE5, GenBank accession no. NP_127098), Pyrococcus horikoshii OT3 (PhOTS3,
GenBank accession no. NP_142587), and P. firiosus DSM3638 (PfDSM, GenBank
accession no. NP_578270). Dashes indicate gaps and numbers on the right represent
the position of the last residue in the original sequence. Identical residues among the
four enzymes are marked with * and residues with conserved substitutions and
semi-conserved substitutions are marked with @ and ., respectively. The putative active
site residues participating in metal ion co-ordination and proton shuffling are in bold
and underscored, respectively and the residues comprising the substrate recognition

pocket are in italic.
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Figure 3-3-33. SDS-PAGE (12%) of the purified TNA1_MetAP. The molecular mass
standards (lane M) were phosphorylase b (103 kDa), bovine serum albumin (77 kDa),
ovalbumin (50 kDa), carbonic anhydrase (34.3 kDa), soybean trypsin inhibitor (28.8
kDa), and lysozyme (20.7 kDa). The band corresponding to the enzyme is indicated

by the arrow.
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Figure 3-3-34. The effects of temperature (A) and pH (B) on the activities of
TNAI1_MetAP. A: Activity assays were performed under standard conditions as the
sample temperature was increased from 30 to 100 °C. B: Activity assays were
performed under standard conditions for the hydrolysis of Met-pNA with the
following buffers (each at 50 mM): sodium acetate, pH 4.0 - 6.0; sodium phosphate,
pH 6.0 - 8.0; Tris—HCI, pH 80 10.0.
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Figure 3-3-35. Thermal inactivation of TNAI_MetAP. TNAI _MetAP(4 nM) was
incubated at 80 or 90 °C in 50 mM sodium phosphate buffer, pH 7.0 containing 0.2 Figure 3-3-36. The effects of metal ions on the activities of TNA1_MetAP. Activity
mM MnCl. At the time shown, aliquots were taken out, and the activities were assays were performed under standard conditions while the concentration of divalent
measured in the same buffer at 80 °C using Met-pNA as substrate. metal ion was varied: Co”’, Mn*, Ni** and Fe”"
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Figure 3-3-37. The effect of increasing substrate concentration on the activity of
TNAI1_MetAP. Activity assays were performed under standard conditions while the

concentration of Met-pNA was varied.
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(M) 5AA ol etolA

(i) TNAl_amyl F#37te] a4 72 2 A2 a4 2y
Ndel 2 Xhololl 98 Z@A(flank)¥ Thermococcus sp. NAI(TNAI_amyl)¢] a-o}& 2}k
ofAle] fHAte] WA Mol Ax DNASH F 7je] Zge]w (M2 [57 -CG ACC CGG
CAT ATG GCC AGA AAA GCA GCC GTT GCA GTT TTG -3°]1 % otgjalx
[5"-CT CCA CAT CTC GAG GCC AAC ACC ACA GTA GCT CCA GAC-3"1; A
7] A= Zejoln kel WEX A Do] Ndel Alo]Eo]aL, QtEJAlZ xelo]n] <lof] WEX
Aol Xhololth & o] &ate] STZHUR, A5 Fe] a-ofdgtolAlE a-obLdeholA
o] frrAe AF Aol Ax DNASH F /e Ztolw (4l [5° -CG ACC CGG CAT
ATG GCG GAA ACA CTG GAA AAC GGC GGA GTC -3 1 ¥ ¢tgjal~ [57 -
CCA CAT CTC GAG GCC AAC ACC ACA GTA GCT CCA GAC']; A7 Ax =
gholm <to] WEH A Fo] Ndel AtelEo]iL, OPEMJ& Zepolw <toll WEZ A Gol
Xhole|thE ol g3te] FEZHJY FEZHAN HEL Ndel E XholZ tol A 2EE
a1, Ndel/Xhol tholAl2~E% pET-24a(+)ol AZA =}t A4 E(ligate)= E. coli DH5a°l
FAASEN, AdgH o7 e ZEFAVE=E pET-amylf(AF4o]) 2 pET-amylm(A
ZE Fdehola, MEEA 2 BES 93] £ coli BL21-CodonPlus(DE3)-RIL 2 E. coli
Rosetta(DE3)pLysS® Z+z2} J A A S5 At} Thermococcus sp. NA19 Als |714<E &
Ao A, E wtio] W EL 458 ol (HEME 4o FAHT o SExE)
51,948 Dadl 9 A& 4534511377 bpE TFAE @HE S JsglEiE 2E
dJ(ORF)S A A AVIME Wa®Me T hydrothermalis (85% YA,
Leveque et al., 2000a) ¥ 7. kodakarensis KOD1 (82% “3%#d; Tachibana et al., 1996),
2 P, furiosus =5 P. woesel (82% “+&74; Dong et al., 1997)Z5-€] 2] o} glo}A] e}k
2 FAMEE BT a-olZEolAE dmdltate Ao {FFRE ok Ade
ke FA A Aad Fele]l= 9 433 opm| k(o dE bl 50,531 Da)
o] A4y E4AZ ¥t (Figure 3-3-38). A EEAL F 3 slol=ZglolA] 3
@ 13 (Nakajima et al., 1986)9] 4719 &4 Alo]E A A geo] TNAl_amyletel B3
o ofm it FAol #e dolE= Asp ¥ GInel 4ol TNA_amyl(4771e  Bacillus
licheniformis a-oFAetobAlol] Hlgte] 310l Al WGk, o] A o] oA wAe] kA
Aol 7]1e]s Aotk TNA amyl% wo Tys @ Arg ZH7]1(3570¢] P. furiosus a-o} 2}t

gy =

obAl e} =3 3271)E MR Z AL, ol Aol A7l &40 TAHMU61 TAM) B
Adrgo]l @ Zoltl, #Adl(Linden et al, 2003)°] P. woesedl X &AHE-$1e] & <o 7
7he Ca® A FAolEt F4% ofvnik 1yl ASEe @77t E%ﬂﬂ‘ﬂ A AT
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TNAl_amyl ®xzte] #7% Ze]7k PCRel ©Jste] pET-23a(+) WEe] FE2EUAa
(pET-amylf) 7+ BL21-Codonplus(DE3)-RILo| & A Ag=ojAx A=At A& w)
A FdelEolA wigHA™, ®l WEz FAPIFAN HFTS 60T T2
Fol o] A& EAT £ glded, pET-amylf2 FAA#H|W o
TNAl_amyl fF3#+9] 274420 A& FalS deldl= Fl3 &2 & JA s (Figure
3-3-39A). a-otdglolAl el FA L pET-amylfE 7HAa e AF3 didte] Axe
oA g&AHAJ TS A2d Feel=rt gle 2= pET-amylmE Al
Z3t5ith. a-ofd kel o] dsE 33597]' FrmHo g (EET-amylm)9] 7H&4 #
oA ZEHA, BeHolxl @A wiEH] A9 %9 Tl 7hEgoR Hof
99ith. SDS-PAGE|A, #elsolxl fael Met Hiso-ol1% Eiels 4%% 9o
o] ojmicat MERRE FAFW 51 kDaRth & Alo]Zo A A& E Q) tH(Figure
3-3-39B)

o

(i) a-ofdefolAl &Aool AEekE A=A

2o H0]x TNAI amyle] Bl&A-e 7238 U mg ' °%d A7) E4E 80 TolA HF
24% Bgon, 40 WA 50 CAA Hd 24 20% EE} 2kt (Figure 3-3-40A).
F7] &40 g3k F3 pHE 55 WA 6.0(Figure 3-3-40B)°] ¢tk TNAl_amyle] &9
S 80 % 90 CTeolM 50 mM A&t otAlElo]l= F&ApH 6)SFll N E2E e
oz FAHAY. TNAIl_amyl> A HoAL, 22k 80 TellA 30 & 2 90 *
ol A 10%<] W7 (6,28 7FA 3 A THFigure 3-3-41). TNAIl_amyle] <<eHA
05mMe| Ca*e] & slellA 80 ColA 75818 2 90 CellA 153802 zhzk 4433
"l Al F7eke] (Figure 3-3-41), Ca® Aol d4AA S F7HA71=d Bosithe
S ouEt P ddAAl thake] Ca¥ ol9 L7eE tiEHA, 05 mM
Ca? 9] A7V} 24284 S F7HA71A = &% h(Figure 3-3-42). ZL2l1 TNAI_amyle
mM9] ol Zaltoll B Egtol I EAHEDTA) A& A= AL o, Z4o] 4% 7A 7
3931, EDTAC 98] #auolxl &AL Ca™e 712 FEH Q7] ojiol, 529
Aol Ca'e] EAel o&E4 oAtk ThE 27} o] TNAl_amyl A4l tiste] Ca¥ &
gAEA etk Zn?'9F Cu®'t TNA_amyl 4& 433 JAstdh. 7144 A&
& ol &3te] FHH FAle] et M, Knd57 mg ml') 2 Vime(10,000 pmole min!

) ghol Felginl-ma ZR& o] &3lo] A H U rH(Figure 3-3-43).
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TNAl_amyl2 HEA(G2)A HEJE LGRS 7144 &S FH MAEZE UE
w o oldR2 O~ S aLEATIE O =, OP%‘E’:E—”% 9 784 AR 2 o 71dE Tt
FasstAdt. EF e (pullulan) 2 A= E W (cyclodextrin) & #3st= g4 &
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Hojx gty AEHOo R TNAL amylS P. firiosus 22 d3stE 2402 BHREHA

- ﬁl‘:}(Figure 3-3-44). TNAl_amyle] A3}etz A=

T
hydrothermalis® 5-¥19] Thermococal a-°o}detolAlet pH HAF, &= 2 7|2 =

oA v =313, Table 3-3-40l 4] vetolzl F7be ke @42 o7t

o]zl Aoz HATHChung et al, 1995; Lee et al.,
Tachibana et al., 1996)

1996; Leveque et al,

2000b;

Table 3-3-4. The comparison of general biochemical characterization of a-amylase.

TNA1* B ‘EH TP PF
K, (%) 0.46 0.7 ND® 0.23 0.36-0.68
Ve (umol min™ mg ) 10,000 5672 ND 1807
Optimum Temp (°C) 30 90 75-85 80 100
Optimum pH 5.5-6 6.5 5-5.5 S5 6.5-7.5
Ton requiremement Ca®” none ca* Ca®.Cs*™  none
Mg>

*TNAL_amyl, this study; TK. o-amylase from Thermococcus kodakaresis (Tachibana et al., 1996); TH, a-amylase

from 7. hydrothermalis (Leveque et al.. 2000a); TP, o-amylase from T profindus (Lee et al.. 1996); PF. o-amylase

from Pvrococcus furiosus (Dong et al., 1997).
"ND. not determined.

K, and V. toward soluble starch.

Ca¥7h a-obdetelAlel olwz 3l B4 2 AARAL TAMYE Ao nnngch
]

T olE R GRS Cao REANAE 2

Fol

3}
A= Ca* olo] Eaol wfs dH3 %01 01 EDTAZ} o] 7& Al A8
1 mM EDTACIA % 95%9] a-obdetolAlE fA8t %115 ng) AAe] 5 mM

A% 86%2] FA X7} A%k Linden et al, 2003).
Ag 7)ol EAd dist He] By 9 F&o] gle &58d i we F4 F

a2olx EDTA® A& d"oleE P. firiosus a-oldelolAle] ol mE s Ao Z
el

a8y P. furiosusol A 245
o]

. P. furiosus a-°}dgfo}

®ea,

EDTA

b5
gto] "AFAQ Aolgh= S AlA]gtH(Savchenko et al. 2002). P. firiosuse] oFd =z}

- 176 -



ofAle} wlaLste], EDTAS R TNAL amyl®] A= # 9wyt AAT, Ca®'o FA 0]
N st Holqey. ARHon 24 ATES TNAl amylel debgael glolA o9
QAL Ao Helt), 2H[ %1 o] dehgAel oint FFE Frii HAuEUA

(Tomazic and Kilbanov, 1988) A}FE.# 5 (Savchenko et al., 2002)= P. furiosus®] a-o}d
gholAl o] 5702 Al ~H|Ql(Cys 152, Cys 153, Cysl65, Cys387, alc Cysd30)% o4 Cysl6s

gy ael Fag 48 drhn sk
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Figure 3-3-38. Sequence comparison of the -amylase from 7hermococcus sp. NAl
(TNAl), T. kodakarensis KOD1 (TkKODI1, gi:57641390), and 7. Aydrothermalis
(PaGE5, gi:14521082), and P. furiosus (PhOT3, gi:14590819). Dashes indicate gaps and
numbers on the right represent the position of the last residue in the original
sequence. Identical residues among the four enzymes are marked as *and residues
with conserved substitutions and semi-conserved substitutions are marked as : and .,
respectively. The four conserved active site residues are boxed and noted as region *.
The residues participating in Ca2+ binding which is importantfor thermostability are
bolded and underlined. The identified or putative signal peptides are indicated by

underlines.
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Figure 3-3-39. Expression of -amylase gene in E. coli (A) and SDS-PAGE of
purified enzyme (B). A: Plate assay of —amylase activity of E. coli transformants. B:
Coomassie blue staining of the purified TNAl_amylm enzyme. The molecular mass
standards (lane M) were phosphorylase b (103 kDa), bovine serum albumin (77 kDa),
ovalbumin (50 kDa), carbonic anhydrase (34.3 kDa), soybean trypsin inhibitor (28.8
kDa), and lysozyme (20.7 kDa). The band corresponding to the enzyme is indicated

by the arrow.
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Figure 3-3-40. The effects of temperature (A) and pH (B) on TNAI_amyl activity.
A: Activity assays were performed under standard conditions as the sample
temperature was increased from 30 to 95 °C. B: Activity assays were performed
under standard conditions with the following buffers (each at 50 mM): sodium

acetate, pH 4.0 - 6.0; Tris-HCl, pH 6.5 - 9.5.
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Figure 3-3-42. The effect of metal ions on —amylase activity. Activity assays were

performed under standard conditions while divalent metal ions were varied.

Figure 3-3-41. Thermal inactivation of a-amylase. Semilog plots of the remaining
activity versus incubation time are shown. a-amylase (2nM) was incubated at 80
(square) or 90 °C (circle) in 50 mM sodium acetate buffer (pH 6.0) in the absence
(open symbol) or presence (filled symbol) of 0.5 mM Ca’. At the time indicated,
aliquots were taken out, and the activities were measured in the same buffer at 80 °C
using soluble starch as substrate. The lines were obtained by linear regression of the

data.
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Figure 3-3-43. Estimation of kinetic constants using Lineweaver-Burk plot. Activity

assays were performed under standard conditions while substrate concentrations were
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Figure 3-3-44. Thin-layer chromatogram of the products of TNAI1_amyl reaction on
various substrates. The reaction products from maltooligosaccharides (G2, G3, G4, G5,
G6), starch (S), amylopectin (A), pullulan (P), cyclodextrins (CD and CD) were
analyzed. M represents a standard mixture containing glucose(G1), maltose (G2),

maltotriose (G3), maltotetraose (G4), maltopentaose (G5), and maltohexose (G6).
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GUe BEEAS AAa 6A, 305 Aeideobis] H4E Holmai wa

A xirEeobal F4o gl DNA F3Ea% o g

Gl Aol oad FEsoA & otk HRolA, AE ARt o

74 Qe PCR-OIA Rt AAolA ok ol iz FHELE FoA, 438

Aergiel DNA F3HEse] AH8om ofn AEAXE A4 & A Ao deinch
o)

=
FPE2E B F9Y L e AP SE 9AS FEsEd 4Tl

oot

FTEax aEd ek AFES AL vk AS BArh E3I DNA ligasest Uh
£ eubacteria, eukaryoteolA] Hi1¥ DNA ligase$} @& cofactor2 ATP$ NADE &
Aol AMg3tE H53 EA4S Reon, oledt A4V AL Fag Eon. @

A HEl¥@ prolyl oligopeptidase, carboxypeptidase, APP, methionylaminopeptidase,

amylase™= =7 Hold AN E B N2 3EH 4224 ME 7bsAd S 2T
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1.97 A= 3 ¥4

7b. AR g1
FEve g5 AT A} 55 AR rAE g8t SAAME AR
ARsAT. G A A, Sterechinus neumayeri®t = A A, Strongylocentrotus

droebachiensis AN &5 7]1A FWH o oo AFHcioly oz AH3FAL, FA 2

mm

(Cryptopygus antarcticus, a species of Acari) < A& 7|A] FH| o7 ¢} Az
Wol A AfystAdnt (Figure3-4-1). AJE Alams dagol vz gy, =g
AFY Yoz 2utso] DNA % RNA F5 Ao o] &3,

ol

-

U ERATH A 24

W AES MEZ=g ol DNAS d7AEE #3el7] st WA genomic
DNAE FZ33th. olE 938l MN NucleoSpin Tissue (Macherey- Nagel) kitth
DNeasy kitE Ab&atdAth. AAS 4§ &3god BAH de 3 AL oF
25mge A3 Abgst oW, SAXFY A5 A AAE AHESATH DNA FE&
kit7} A &stE TR EZo] wa} o] Fo] T

AT s FAMel ALgE FRARA COL 12StDNA-tRNA(gln) & A3}
i o] HHAE PCRE FEAvh. COI Fdx dHS FEHer] 94
LCOII490ERCH (5'-ACA CTA TAT TTG ATT TTT GG-3'; 20mer), HCOINE
RCH (5'-CGA CTA CGT AGT ATG TGT CA-3’; 20mer)E AF&3}a, 12Sr
DNA-tRNA (gn)& Z%3t7] 98- = 12SrDNA gened F3F Fio sdats
L12S (5-AAA CCA GGA TTA GAT ACC C-3)¢ tRNA-gln 3 xtel & d3st=
HtRNA(gln) (5-GGA AAA ACG ARG ARC TTT GA-3)& Ab&3ksith. PCR W&
S #3371 98], 10X PCR buffer 5 uf, 25 mM each dNTPs mix 4 pl, HotStar
Taq DNA polymerase (Qiagen) 0.5x¢ (2.5 units), forward®} reverse xe}olw z}7};
2.5u, template DNA (gDNA) 50, 712831 33 S5 305 plE 419 & 50 wel wk
SEAE WEAJY. PCR 712 95T initial activation 5% < st @ &, 95T 1#
denaturation, 50°C 1% annealing, 72°C 1% extension A& 373 HHE

SFar, final
extension 72Tl A 10%7F 33 F 4T=2 25E Hojmy W&S FTHHT. v
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L 28 ¥ 08% agarose gelZ H719%35le] PCR AHE S #9359t PCR A2

T oukE AEA S S d7IAEe] ZA U, TOPO TA Cloning Kit
(Life Technologies)& ©ol&3 F2d 3 ~=agd FAS AAH d7IAdo] Z24=HA
c}.

A ZFdAE REZ=gor AA A7 Ee] EAHAJT. olE A WA
A DNAES MN (Macherey -Nagel) NucleoSpinTissue KitZ FZ3tch n
A=DNAZFE Long-Range PCR 7|H & o] &3t HEZ=2ol §FHAAE ofg<t
ol 2709 #Auksk A 6kb 9 9kb & FE3AE. S5 DNAE WE Adstz
electroporation 7]&& o]&3e F2Y 3 % DNA-walking HHOo=E HA A7|A
45 2AsAt 6Kb @i S dVIME 242 i) Aw DNACAM O-COILF&
forward primer®, O-ND4LFZ reverse primer® A}&3te] FZ31, i) PCR
product& O-COILF1, O-NDALF1& ol &3to] Al SHFo2HA F 5ol4ds us
a1, i) ©] product® FE2Y3ta, iv) ZYZv|= DNAE HASe] AHYsE #3A
< 71349 9Kb ©He FHI drINE ZAL 1) Aw DNAoIA O-COILR#%
O-ND4LR1e. 2 FZ3lal, ii) ©] PCR product® F243 & ZT g =u= DNAE 4
Aste] A3 BAFS AF adA, 9Kb ©He F2o] HA o] FoR A ¢
o} o] O-CytBF¢ O-COISLR2S o] &3} F%3AY,  O-COISLR2
“HexaU16S-R, O-CytBF O-HexaUl6S-R& Z¥3lo] A|AA& A}t 38, internal
ZglolH 2 A cytBF-605, Hexa 16U-635, cytBF-1500 5% ©o]&39t} (Table
3-4-1 ~ 3-4-3).

AellA] D& A7IMEE vtFoR SA AEF dolu gty e doll A4
e AE It BEAAES 24389 12SrDNA-tRNA(gln)¥ COI 47144984 &
7y EAATT A o) &ek i, F AA2=E F¥ COI-12SrDNA-tRNA(gln) 9
MIAE o] &3Arh A2 2 AE He] A7 ES Clustal W Z2a# oz A3}
ATh. s Adel " A= ATEAdA AGAHT. EAATTE
Neighbor-Joining(N]) T 213 PAUP* X213 (version 4.0b10; Swofford, 1998)

7]

o] 2l minimum-evolution (ME), maximum parsimony (MP), maximum likelihood
(ML) "33 MrBayes ZZ1% (Huelsenbeck and Ronquist, 2001)¢] Bayesian
Inference WH o2 A3 A NJ, ML, MP, MEZ A" Al55<9 TA4 Fo4
- 1,0003] WFE-# Bootstrapping WHO®E A F3 9t Bayesian #A oA E 4719

chains& 500,0008] ®WrESGI, FFFeol ol2r] A FEAAA wtEolA=

1,00070 €] AFTFE AGAIZIL YA 400070 AFFE THete] HAF 232 AU
t} (burnin=1,000). & 7te] #E3A71E BAAAE 7HAste] ML Ale+E A48t
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A g AHE VIEHOR ol AVIAEY HEEEE A F o)2HYH FAS
9t} Log likelihood ratio testZ ®#AAIAIE 7F43 ML Al F4<S Frtsh
Ao, o] AZF7t testE THeA R A EAANAE HASA &2 AT

A ZAZE B3] 1 F& AAATIL TR test

o. FdFHA (ESTs) £4
A T FHARE £ 918 WA WA RNAE  Trizol
anitrogen)ié %%6}914. AA LI mAA Hof, WFvI#, A xA o
Trizol 10mlell ¥ #3f == &d3] RstGr. o] & S22
& FEHA4S 5353, RNAZF 59 d+ A5 ol isopropanols A &l RNAES
2 . RNA pellet& DEPCZ A3t 52 3|43 70% &2 A3 & o
ges wmengla Bo &8skt
AA RNAol A c¢DNA library A1z Clontech®] Creator SMART cDNA
Library Construction Kit2 A AF At Ad HAHLS Figure 3-4-19] 74 @A E ot
FatH o2 o] Fol Ak, RNAOA #3E cDNA+= Z#=v= wE pDNR-LIBel| 4
el E. colidl AolE ). WE-cDNAE 2¥3t= E. coli7b LA wiA oAl 7} Z;
°f 22w AY 5 38well plated] &AA BAHACG. 7+ 22U E39 cDNA
o] A71MEe BAs] el FRUE A wiRel A wige & FFzvr

3?‘21? ZH=v= DNAS 5%A AAYFLEAN ESTs FA4 vlo] g

Oz
B

E
)
>
iﬁ‘,

i
i

|

= =
=
b=

it

el
o Eol e FHAEs wase Al A4 #FF A48, protein
family DB(pfam)& #4ste] 54 wwde] wenst EAst=s ots 4831
ool g dEe] sbsA Prh 107 B Howl et g4t
F e, 1078t 2w 108 Fod e ssae

Fd 7hedel A9 gluba @ 5 olvh fAdA dlolE we] 2
o NGo2RE ¥ dTelA 4L ESTse 71%5S frFakalh
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a7 A A3

7t G5 AAY ERASH 2ERAA

= AA(S neumayeri)®l VAAZE A7 AW d= AFHT A <k
vhE]Qk Aol A AR E AlgE ol&ste  mEZE=ger  fxA,  COIH
12SrDNA-tRNA(gln) 9] F71AEE& AA st COIFAAE 10797 d717F £415
2om, 12SIDNA-tRNA(gln) A= 8771 d717F A HAT (Figure 3-4-3).
12SrDNA-tRNA(gln) 9714 E2& didoezw &5 AA9 &7 59 AAs,
Loxechinus albus. Pseudechinus magellanicus, Al 9 SZAA} AAE S
purpuratus, S. intermedius, Hemicentrotus pulcherrimus, 181 A Z&] A A,
Paracentrotus lividus®l ®¥AAEFE  ZA3G T (Figure 3-4-4). 12SrDNA-
tRNA(gln) BEAAZFAA = AAe Fv dF A<t L abuset AT A
P. lividus®] &Fx%23% A ow 714 77k BAl0 e Ao =Hur o
1 FEH AT (bootstrap
value, 100). 1¥1d], tt& dv di59 = t& A P gelldmcus~ T A4

2 e 4AEN Andez W A% e @

A Fowm oF

9
=
au
py
offt
Ml
flo
offt
i
o,
X
_‘r_l‘
ofN
il
i)
-
M

o

Al Al (molecular clock)E

22
o

7}A st BAAEFE AL (Figure 3-4-4), 24 £9 * A71E F48 2
I od= AAe v dSe F3 oF 2x49vhd e A 3x4uvhd Hdell A2 EEE
Ao vEtylth olelgk &3 A7e d5 tiFe] @ diFdA EE A7Ie 4
2] gk},

33 AAZ Aesdel AsauA waA AL 59 feAAALe &

#71 A 35 4 HHOMW BAYE FAAE 2GS, 2
75] H

Ne] E8& FAYR MAAs 2 A7AEE AASAT. 24 cDNAS AEHEE 5
‘oAl AAEe] ORF7F 7hs 3 @Wol X3 HESF AT o] 9714 ¥ES GenBank$t
protein family DBl &% Fdxe} wlwste] 2t FAxe] FafFdx7E v s
AL sk, FEFAAY 7oA 4 FAA] 7eS FFAAT. 7ol #Ws

4o AE i 24"
°F 1,000 AA7Rel FHAA FolA FEHAAT L A7E oF 14%°1A 1, 24%=
vEZ=gohy gRES FAStE Gl fFHzellen, umA %62%E 7] 5ol

A HARE F 598 FRY v om},‘% Table 3-4-
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A A e mAY FHAUAG o] E RHFAA FolM 2 TTol 5 v

-

S 24 epoxide hydrolase, caspase, MAGO-NASH protein, catalase, carbonyl

2

-

reductase, phenylpyruvate tautomerase, antibacterial peptide % TH4=9] & A A v}
Jg B Fa wNa f44 5ol k.

Y. 55 AAY EAATH TERAA

ES7FABA(S. droebachiensis)®l w+AA S EA37] 98 &5 thak3g
71# ¢ Kongsfjorden A WhollA A ¥E A 8E o] &3] mEZ=gol #Ax COIL
3} 12SrDNA-tRNA(gin)9] @71 de ZAAs At COIfFdA+= 1,080/ €717 &
A E e, 12SrDNA-tRNA(gln)f+ A A= 87770 d717F 4 = Atk (Figure 3-4-5).
COI ##d# 971447 12SrDNA-tRNA(gln) @714 €S Uitz 55 *47'”%9}

AR AAE, 53] FeHES Atel MAS = S purpuratus, S. franciscanus®t -
gvel Falcte] F2 MA3= MAAA(S intermedius), =F A A (Hemicentrotus
pulcherrimus), &3 A(S. nudus) *}°19 +AAFTFE ZAASA T (Figure3—4-6).

12SrDNA-tRNA(gln) BAAEFANA HES7HA A= =0l JA A(S. pallidus)7t X
stHow b 7k Ao A e AR =Eyth o] T Fow o] Fo
2 dAEFL Al MAAZASY S purpuratuset AME L] BAE Bt F o]
FTo® 01—?01{1 GAE e wERdol H pulcherrimusst €35 7AA 2353
=2 T2 AY S fanciscanus®t e YA FA#AVE W AL

2 =gt 3, EAAAl(molecular clock)E 7FAste BEAAGTE AAdsta

(Figure 3-4-6), zt &9 F&3 A7|5 FAHI Adxp H3I7A4A9 S04 =
oF 2-39whd Aol AR FEld Aoz YEyTh B o] 7 Fo TEIAAS AA

AA 2 S purpuratus® FERGLZEEH 4-100wbd Mo ZER Aoz =y

o},

BIANGARYE FERARAES Fr7)

ok

s 24AT WA7I#e 24 F A4EY 43E @9dde VBoRA FS53H
A @A AAsta = A A ARoA FA4o] =& gauwds o
g Aejgt AZE et mEkA, WA7|#e] ddFAE AR A2E4 249
A FRAE FAT F e T AdY FAor dAdEo FAWFOR Ay

AHAA B W7ol A F23 mRNAZSE 2503l cDNA ghe]H ¥ oA
°F 2,00071¢] E&e FAAR dAAs 1 AVIAMLES AASAT. 2 cDNAS 5%
ol AlAYE AAlstel deolZt A2 500bp-1000bpe! F71AME S AATh ©] A7
] E & GenBank$} protein family DBE H A8t Z+ fdzte] A& fFAx7 55
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2

A F

it

gdata, FEFAA7t AS 4 2=2HEH 4 {Fd39 Tls
3 B ATt (Table 3-4-5). &A% °F 2,00070¢] = 45

BF7F °F 20%°10 3, 12%E vEZ=gohd HRES TS 9ld fFHa
on, vz 9?68%? 7ol dEAA G2 wAY] fFHAlAT. FE AT
A FAAEL 7IsH o2 B v oxidoreductase activity +HA7F 27.3% 2 713

, ion transporter activity %A 14.8%, hydrolase activity A #} 14.4% 52

> Jo

o

2
o Rk ® 3

d 5

2 YEew (Figure3-4-7A). ©] <9]dl electron transporter activity, carrier
activity, lipid binding & ©¥3 7159 Fd4 Eo wHrh FA, o] FAAES
a2 agste @A) AEU Ao wel ERsE, A il fXske @A
FAAZE 36.5%=2 7hd woka 9 awid FHATE 227%, A EW Avide] duA
A7) 164% 5 2AA AT (Figure 3-4-7B). o5 L& {FAA FolA 1 7509

E7)g wd ZAEZ A lipase, beta—glucan endohyrolase, phopholipase, carbonic

anhydrase I, ketol-acid reductoisomerase, DNase I, acetylcholine esterase %5 Tt 9]

Ehwwa 429 DAD-1, Cat eye syndrome protein 5 &8 ## F

T2 5ol itk (Table 3-4-5). ol frAAEE Aoz Hod A&

A Adeldn 2 4 stk

_?(_
)
ALY
of
fo
0
=z
iy

o

A
fr

. SA 239 EAES TERAA

= &% C antarcticus® WA vEIZ=Zol Axg EAs7] 989
O-COILF~O-ND4LF# O-COILRO-ND4LR Z&}oln %3 o2 PCR3ste] 6kb DNA
gd3 3kb ©HS AU (Figure 3-4-8). © % 6kb ©HL 7|gsdd
COI-COII-COIII-ND3-ND5-ND4 Al @& zta 99t} (Figure 3-4-9). 1@d, 7]
et e 9kb @A el dojz kb @HS AZF DNAZ =gyton o] 25
ND2//CytB-ND6-ND4 Ald 27} doj#th. O-COILR™O-ND4LR 2z efolw o=
PCRE& YAl Al&=dte] 9kb DNA @S dQa o] 25 H internal ZolmE9 2§
91 0-COI2LR2 HexaUl6S-R¥ CyB-F HexaUl6S-F& ©]&3% PCRolA A <
6kbet 3kb DNA®H S ATt (Figure 3-4-8). ©]2 DNAZREH wEZ=Z o} AE

)

AA A7 E e A = vk, A A+T rich region, ND2, 12S rRNA A =} 2]
AR ES Aodk oF 15000-bp o F7IAdo] &R A} (Figure3-4-10). F= &=

=
o FAA =AYt A= O 2FEFH A9 Zdor} Drosophilasts A2 &
M7} kzk AolE BT (Crease 1999). F= %9 nmEAFS AAH oz 1379
G FAA(COI-COII, ND1-6, ND4L, Cyth, Atp6, Atpd)¢}, ¥ 7/Me g HEF RNA
9 F 42128 rRNA, 16S rRNA), 181 22719 {(RNAR FAE Aoz didr).
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HEAES] #7242 otdld(A) 37.4%, EIRI(T) 324%, AEA(C) 17.2%, T-otd
(G) 12.0% =ZA A+T9 Hl&o] 60.8%= T2 ZFE] HaA & Aoz VER
o o2 2359 AT 97 v&L2 %292 76.9-78.6%(Clary and Wolstenholme 1985,
Lewis et al. 1995), W5 7] 75.3%(Flook et al. 1995), =¥ 849 %(Crozier and
Crozier 1993) ol ey 2{F o A+T H& Ko SE7] "l &o] of
b ESkvh. Figure3-4-109] WEZE=glol d7AdelA Z+ KA 1A= COI,
631-2154; CO2, 2228-2917; ATPS8, 3046-3250; ATP6, 3204-3885; CO3, 3885-4678;
ND3, 4754-5108; NDb5, 5504-7213; ND4, 7271-8631; ND4L, 8637-8925; Cytb,
9047-9535; ND1, 9598-10727; 16S,11871- <} 2t}.

v EAE DNA d7IAEE ol&dte] F5 259 EAATES AT
COI (667 nucleotides)@} 16S (519 nucleotides) f+AAE o] &3t HF +5& U

EENHF 2 2% EY BEAAES BHsYE W, ¥ 25 Folsomia candia,

Folsomia bisetosa®t QA 3A7F 744 ks Aoz oyt BERAEFAA o
T FuEY Gotd gt giFoe] FlE w (2F 23-20 ¥ ) tE FoEKF

95 2Fe §4d AAse ABR ALt da 20-30%d o2t 2%
e@el wEHG B, AL oM fERAAE B WLARNL Aoz

et @5 2FAM FRFAALS FHE7] A8 AA AAE ArE Aol AA
FE3th o] 2K EH cDNA #elBelgls w53 o 2000708 E8& FF

Ae MRt 2 A7IHES AASAT. 2 cDNAS AAYE 5FdA Ao
7}sd ORF7F £H=E 3t o] 9749 <S GenBank®} protein family EEH
e

DBol %8 §Axsh uste] 4 Fage FEFARA} FHHo] A f
A

l

Folstgth FEFAAL A2 AT 12¥H 4 FAAe A5E fFAA B4
A oF 20000 FRA FAN FBHAA) e A MESCeohy B

43% = 7150l EHAA ¥ HAY FHAAC. FEHAAr e G AR

ZolAd 2 7Eel EVE Wk A5 delta9 desaturase, mannosidase,

endo-glucanase, trypsin, delta-5 desaturase, laminarinase 59 ZA9Wz F A=}
= Z

il
9} interneukin-4, neuropeptide-like protein, lipocalin 5 23 ## F g dwla {4

A Solt, of FAAES AAH BE A AT Ao A,
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3. 28 % E9

b, G5 AA As g KE&FAA

12SrDNA-tRNA(gln) G471 E& ol &3 EAAFTFAA = AAe &7
5 Agkel L. albuset AFs AA P. lividus® ¥5Z43 A8dHo2 A% 747t
& FAC de Aow =yt o5 FE A7IE oF 284Mnbdel A 33149 v
W dor FAHJY (Figure3-4-4). ©] A7l &5 diFeo] @r diFoA g%

Al 719k ARt G A FE87F A FF W3 (tectonic change)ol HEx o] 3
o g, G AA FARE 938 AL oW V) HSsEAe REd

L3 < TAske @md fFHAold e, U A oF 62%=
71se]l & AA & mAL] fFHAAT. FEFAATE dE FAFHA FolA
1 7]%o] E7|@ vk AELS epoxide hydrolase, caspase, MAGO-NASH protein,
catalase, carbonyl reductase, phenylpyruvate tautomerase, antibacterial peptide % ©|
ool FAAES AxFadde] Yis Fa APAHoRE o] &3 JHAIF v

e

g, B AA9 Az K&F5AA

EI7MAAAA(S. droebachiensis)e AAI%S 4 A3, 2yt F& <t
MAste AAQAL S 5 sistel NAse S purpuratus®] FEZFOE
FE 4-1097d Aol Zepd Ao w =ittt o] A7l ookt Hu|iFo] Z
WA WG Pel dd 48-75W7d H(Marincovich and Gladenkov, 2001)¥ ©f =
A5 AAste] BIANAAY E87 WPaHol el tectonic events TAI]

=
of Y& HeAE AR BFsel A4sE o F& o AT BePFl A5
s &

9 A AT BRAs) nhel WA gel GWA B3 A4 Uk RakE A
o dZso] gtk HIAAAE B Gl A4sA @ dvel WPHHS
ga) Bz %3, o F Aoju AFW WE(Haq et al 1987) HAo A The
S} PeERA S99 Fom Asd Une geld Feuth o @AW
B3ele S8 £ oA of 239w Pl FEHE AAA B @A )
Aotol = WFbA A HFe P F Fol AL Jom BAAEFIA ol
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T 2 AgHoz A Tk AviEe] #AE BAY (Figure 3-4-6). ol¢F &2
AZH BAE AAGWA {F424 Bindine A3 A= A9 (Biermann,
1998), 12SrDNA <F 2707 dA7IM 42 w3l T8 AN 24455 (Lee, 2003)¢F ¢
2] ket

Fle 2 7l%e B 9 AdHe=r & st AEo] wrh. 53], lipase,
beta-glucan  endohyrolase, phopholipase, carbonic anhydrase I, ketol-acid
reductoisomerase, DNase I, acetylcholine esterase & U9 AT AL A 2o A
Go] Hold AoR ool FAY A7 =& Aer A4, ol f&

A
£ oEnd BN sEe ol getel 4 fAAt wEE wude

it
o:

[
>

1=
S Aoy, o] EHEL MEL Y& 22 2d F UE A

A

. FA 2F MEAES FE&FAA

A AERte]l ZHA e A2AS FA 5|
G 2FQ Cryptopygus antarcticus®] VIEZE=gol Axg AT, C
antarcticusv YA ZFRA 5BV dFor @S5S dxste Folztn & F Utk
g OiE AEEY JgAREE FE A AR dEA Atk AAeE 2dE
ot i FolAFE Aold2 AE, EAc P dEI dol FEE w gl o
T AE, 2Ea spA o r FHZo wigoly dFe 5§ e WFS ol Fste
TEEd 93 AR AE Solth (Ashowrth and Kuschel 2003, Ashworth and
Preece 2003, Lawver and Gahagan 2003). ¥ A3 A3 Jd=9o EE7]|= G330 5F9]
duleh 2 " AHe AFozRE oF 2300 whd dol| vrE FomiE E3tdE 3
o2 UElyth o] Al7]e] Holde AELE d¥ AE=7]HF(Pugh 1997, Greenslade
1995, Hogg and Stevens 2002), A% (Courtright et al. 20003), €1 % & (Mclnnes
and Pugh 1998) A =o]W, EE7]|§(Stevens and Hogg 2002, Hogg and Hebert
2000 ol T M FA 7l B AEEA AASE T dd A5
ARE Ao F5 2F vEAEF] F82 &4 A= Drosophilas Al 2l s)
I (Crease, 1999) T2 ZF 53 A9 fFAIg Aoz FAHHEAY, AAHoz 13709
9 f A 2H(COI-COII, ND1-6, ND4L, Cytb, Atp6, Atp8)¢h, F 7He] | ¥&E RNA
FPF 1 2H12S tRNA, 16S rRNA), 283l 22719 tRNAZ #+A4E Aoz odFu).
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WEAES] A7124-2 obuld(A) 37.4%, EIRN(T) 324%, AEZ(C) 17.2%, TF-obd
(G) 12.0% =A A+Te] H]&o] 69.8%= tf& ZFEo HaIA ¥ o= eyt
(98] 76.9-78.6%, Clary and Wolstenholme 1985, Lewis et al. 1995 vl 57]
75.3%, Flook et al. 1995; ¥ 84.9%, Crozier and Crozier 1993). "|EA% DNA ¢
NAEE ol&d EAAT BAAdA PS5 5 Folsomia candia, Folsomia
bisetosast <1 474]7P g Ve Aow =yt olge FRstE daUES o
ﬂE‘ o (¢ 23-20 whd AH)e} AR Aoz eyt
F 2F S AAstE AERE ALHAE Fsk 20-30%] o2
eEET e ZFA FERAALE R A3 A= TE A
F 200070 ¢] ¢cDNA Z&°] dojxhrt. o] FEE9 A7|A¥S GenBank$}t
protein family X E|H. DBol|l 5% fx9} vlaste] 2 %xdx}—cll AT T
Fyo] A fFE Gl A oF 2000709 FAA FellA fr
A7 MEZEgoly grRES FASE 9ME fA4AA oF 24%S ALEn 33%

o
o @stdtk AEFAATE G TAFHAA T 2 Vsl 571F ®E A2

o
=2
®
X
=

[ ~1
_1

delta-9 desaturase, mannosidase, endo-glucanase, trypsin, delta-5 desaturase,
laminarinase 59 &49WwWA { A9} interneukin-4, neuropeptide-like protein,
lipocalin 5 ¢]8 #«d F& dwld FHx Folvk (Table 3-4-6). o] FHAEL 4

94 #g A7 o Ao g,
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Table 3-4-1. PCR primers used for the 6kb fragment amplification.

. TARGET
PRIMER ©]& |SEQUENCE PRODUCT LENGTH
GENE
COILF - CGC AAT AAT AGC AAT CGG GCT
CCT AGG AT -3' COI~ND3 65971
NDALF 5'- GTA GCG GGT TCA ATG ATT TTG| ~ND4 P
GCT G -3'
5'- GAC TAT AAT CAT TGC GGT ACC
O COILF1 CAC AGG AG-3 CO~ND3 64140
O NDALF1 5- GAT TTT GGC TGG GGT TTT ACT | ~ND4 P
TAA GTT AG -3'
Table 3-4-2. PCR primers used for the 9kb fragment amplification.
- TARGET
PRIMER ©]& SEQUENCE GENE PRODUCT LENGTH
0 COILR 5'- GCG AAT ACT GCT CCC ATA
GAT AAA ACA TAG -3 COI~Ctrl~ND4 =9.3Kb
O NDALR1 5'- TCA AGC GAC AAC AGA TGA :
AAC CCA C -3'
0 COISLR? 5= AAG CAT GCG CI‘AGrC’CA CTA
TIA CGT 16 ~3 COI~Ctrl~CoB ~6.4Kb
O CyiBF 5= ATG TAA GAC TAG CCT TCA © :
v ACA GAG TAG -3
0 COBLR? 5'- AAG CAT GCG CAG{C’CA CTA
TTA CGT TG -3 COI-Ctri~165 ~4Kb
- AgA TAg AAA CCA ACC Tgg r
HexaU 16S-R CT - 3
-~ ATG TAA GAC TAG CCT TCA
O CytBF
ACA GAG TAG -3
— CoB~ND1~16S 2384bp
Hexal 165-F| 2 ~ TAC CTTg TAg_g 3gAT AAC AgC

Table 3-4-3. PCR primers used for the 3kb fragment amplification.

PRIMER °]&

SEQUENCE

cybF-605

5'-CCC TAg TTA CAC CAg TAC AT- 3

HEXA 16U-635

5'-gTT gCA CAA gAT TCg gCg TT-3'

cyBF-1500

5'- ggC gTA Cga TTA ¢TT TCT gC-3'
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Table 3-4-4. Some of ESTs of the antarctic sea urchin, Sterechinus neumayeri

cells.

> A cytosolic, monomeric, availabl
1 ORCDO02U_13-D02 Carbonyl reductase 276 NADPH-dependent e ful

oxidoreductase
; ORCDO02U_14-H06 Putative tumor suppressor 214 tumor suppressor 5'lack
2l oRrcpo2u_17-B02 Beta—thymosin 42 Polypeptides that bind full
3 monomeric actin
i ORCD02U_17-B06 Ferritin GF1 171 ferric iron binding full

Sequence ID Gene name Prqteln Function Ful ‘or
size Partial
ORCDO02U.Contig103 |Probable antibacterial peptide Has antibacterial activity in ,
1 ) 678 A 5'lack
14-A01 polyprotein precursor. vitro
. hypothetical RNA-binding
p| ORCDO2U.ContigTo4 region RNP—1 (RNA 233 3'lack
14-A10 . X
recognition motif)
ORCDO02U.Contig128/203
, 18-C11/ 09-B10, An actin binding protein that
3 05-C03 Calponin 187 inhibits actomyosin ATPase full
18-H10,17-H08 activity in vitro
ORCDO02U.Contig182 s
4 03-F11, 05-E08 Cyclophilin A. 164 A cellular protein full
ORCDO02U.Contig29/69,0 . . metabolise and regulate
5 4-G07/ 10-C12 Metallothionein(MT) 64 motals full
6 ORCDO02U.Contig3 Caspase 3. 316 asparate—specific cysteinyl 5'ack
01-B08 proteases
72| orcpo2u_01-cog Soluble epoxide hydrolase(EC 555 detomﬂcauons.of xenobiotic |5',3'lac
3.3.2.3) epoxides k
an inhibitor of the
8 ORCD02U_01-G03 Cystatin 98 elastin-degrading cysteine full
proteases
Exogastrula—inducin Factors effective to extrude availabl
o| oORcopo2u02-m07 | ‘fide e (I?GIP) 325 the archenteron toward  |* %%
polypep P outside of embryos.
1 D—-dopachrome tautomerase 2 homologue of macrophade
ORCDO02U_05-F08 | (EC 5.3.3.-) (Phenylpyruvate | 117 omoogue of PRAgEL  fi
0 migration inhibitory factor
tautomerase ).
"' orcoozu_os-For Nucleolin g7 | A nucleolar protein, which |,
1 function as a shuttle protein
1 Highly abundant in
5 ORCD02U_08-EO01 Dehydrin—cognate 216 desiccation—tolerant seed full
embryos
! ORCD02U_09-B11 Deafness dystonia protein 90 mitochondrial protein-import full
3 systme
1 " Promotes actin assembly on
4 ORCDO02U_09-G12 Profilin 139 the barbed ends full
Appears to regulate cell
" orcoo2u_09-Ho3 SPARC precursor 2g1 | orowth through interactions |
5 with the extracellular matrix
and cytokines
[ oRcpo2u_11-B12 Prohibitin protein Wph p7g | Reoulate cell suvivaland f 4,0
6 growth
' orcoozu_11-g10 MAGO protein 146 | Potential signal transduction |,
7 protein
1 conversion of hydrogen
8 ORCDO02U_12-A06 Catalase(EC1.11.1.6). 505 peroxide into water and 3'lack
oxygen.
1 . 5'.3'
9 ORCDO02U_12-C05 Arylsulfatase 551 |hydrolysis of 4-sulfate groups lack
2 Be associated with histamine
0 ORCDO02U_12-E01 TCTP/HRF 172 secretion from RBL=2H3 full
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ESdro04.Contig576

Repairs Uvlight-induced

18|17-F01,04-D11,05-EO 6-4 photolyase 519 |cyclobutane—type pyrimidine | 5'lack
1 dimers in DNA
ESdro04.Contig592 )
19| 147F05, 20-HOS, Carboxypeptidase [ 55 gzts?fl;yzaem?gg rZ'cy%f \Olitnhee 5'lack
08-F12 B(EC 3.4.17.2) - € _ysine,
arginine and ortnithine
ESdro04.Contig661 Reverse
20|18-C01,14-F07,07-H0|  transcriptase-like [ 315 | DN Polymerase that uses | p,
6,07-G06 protein(Fragment) P
Superoxide catalyzes the reduction of
21 ESdro04_01-H09 dismutase[Cu-Zn](EC | 151 superoxide anions to 5'lack
1.15.1.1) hydrogen peroxide.
The enzyme that catalyzes
_ Triglyceride the hydrolysis of ,
22 ESdro04_04-H07 lipase(EC3.1.1.3). 470 triglycerides in the fat cells 5'lack
of adipose tissue
Basic salivary to bind to plant
23| ESdro04_08-HO3 | proline-rich protein 1 | 392 |POPhenols(tannins)and the 15',3'la
binding is a hydrophobic ck
precursor h
stacking
_ Defender against cell .
24 ESdro04_11-G12 death1(DAD-1). 113 defending a cell death full
25 ESdro04_11-H07 Selenoprotein W1 86 selenium binding full
26|  ESdro04_12-H11 Salivary gland growth | g salivary gland growth | 3'lack
factor—2
27| Esdro04_13-Gos Related to cofilin | 154 | & Potent regulator of actin | ¢,
filament dynamics
28 ESdro04_13-H04 Metallothionein—-A(MTA)| 64 metal ion binding full
D—-2-hydroxy—acid
29 ESdro04_18-E10 dehydrogenase-like(Fra| 113 | hydroxyacid dehydrogenase |5'lack
gment)
Mitochondrial Cleaves
30 ESdro04_21-D07 processing pep.tldase 489 presequenceg(transn . 5'.3'la
beta subunit, peptides)from mitochondrial| ck
(Beta-MPP) protein precursors
. . o Can digest both
Epididymis—specific o - N
31| ESdro04_21-Do8 alpha-mannosidase | 1009 | P_niro-phenylalpha=D=maj g,
nnoside and high mannose
precursor . .
oligosaccharide
. may play a role in
32| Esdro04_22-G12 Deafness dystonia | g | 1i10chondrial protein-import|  full

protein

systm

Table 3-4-5. Some of ESTs of the arctic sea urchin, Strongylocentrotus
droebachiensis
Sequence ID Gene name Proltel Function Full or
n size Partial
ESDro04.Contig111/18 Agualysin | Unique precursor structure
1 |7/21 07-D11 /12-E03 aualy 513 aue p 3'lack
precursor(EC3.4.21.-) of an extracellular protease
/ 22-A04
ESdro04.Contig125
2| /582/650 08-D09 / Calmodulin 149 a calcium transducer full
14-G06,05-G08
3 ESdro04.Contig152 /2 Putative secreted 537 Putative secreted serine 5'lack
10-C02 / 04-A12 serine protease protease
. . protein that contain the
ESdro04.Contig291 15kDa selenoprotein . ,
4 53-A02 SeP15 153 essential trace element | 5'lack
selenium.
5 ESdroO4.(éth5%?3 Aquaporin 8 261 a water channel 5'lack
ESdro04.Contig350/63 An enzyme, that is capable
6| 9 18-D07/ 11-A12, Major autolysin 272 | of destorying the cells or |5'lack
03-F05 tissues
ESdro04.Contig356 /
7| 580/602, 18-G02 / Betal,3—glucanase 499 glycosyl hydrolase family |5'lack
05-E05, 07-G04
ESdro04.Contig410 / ) .
o o552 zoron | IiSnA iy igp | octan ety sce ron |
16-F07,13-C07 9P phospnolip
ESdro04.Contigd22 Extra}cellu\ar serine a prgtease capable of 5' 3
9 14-G08. 03-E03 proteinase precursor | 408 cleaving pepsin A and ok
’ (EC 3.4.21.-). human coagulation factor
) carbohydrate binding
ESdro04.Contig463 . ) . ,
10 16-F04,08-C02 Galectin—14 162 proteins. Involveq ‘m a 5'lack
cell-cell recognition
ESdro04.Contig472/63 T, ) .
11| 8, 19-A06, 09-A04/ Rﬁtmccg”bl!\r?gngrfﬁ)em 133 |ntracel|u|;rﬂ;r;nsport of full
19-H03,01-G05 » celu :
ESdro04.Contig48 ) ) an enzyme that destroys |5',3'la
12 04-A10 Cysteine proteinase 338 proteins by hydrolysis ck
13 ESdro04.Contig490 Extracellular alkaline 629 an enzyme that destroys |5',3'la
10-E11, 10-G07 serine protease?2. proteins by hydrolysis ck
ESdro04.Contig505/66 a protein that stores iron in
14 5/668 13-A05, Ferritin 172 P the bod full
12-D04 / 06-A03 v
ESdro04.Contig506 _ regulates neurotrophin
15[ "yo-£o8, 13-Co4 Caveolin—1 77 signaling pathways full
ESdro04.Contig532 Ly—6/neurotoxin—like a protein that causes
16 protein 1 116 | damage to nerves or nerve | full
24-E05, 15-F03 :
precursor(GC26). tissue.
. an enzyme that is involved
17 ESdro04.Contig560 Fructose 1,6 363 in the breakdown of 5'lack

22-C03, 18-D10

bisphosphate aldolase

fructose
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Table 3-4-6. Some of ESTs of an antarctic hexapod, Cryptopygus antarcticus

7 (DAD—1).
essential for .
30| ORCDO2_14-B08 Lethal(2) 187 lto(P85147) 5'lack
31| ORCDO2_16-F12 | on-sulfur cluster scaffold |5, Iron-sulfur binding 3'lack
protein Nfu
32| orcDo2_21-Go2 Excretoryﬁg‘gfﬁory muein 1 491 RNA binding 3'lack

Sequence ID Gene name Prqte|n Function Full or
size Partial
1| ORCD02_02-B04 Dehydrin COR15. 137 cold tolerance fl)a::i
2 | ORCD02_02-B05 delta—9 desaturase 367 lipid desaturation 5'lack
3| orcDO2 02-co1 Alpha—crysta\lm cognate 185 lens, DNA, mlem.brane, full
protein 25. peptide binding
4 | ORCD02_02-D03 | Death—associated protein 102 tumor necrosis factor full
5| ORCDO2_02-D11 | CG4362-PA (LP24064p) | 233 '”ﬂam‘;tr‘gt”eizetwork full
6 | orRcDO2 02-Fo9 |  Muctear glo\ltéi_n binding 141 | transcription activation |  full
ORCDO02_02-F10,0 mannan endol,4 beta ’ :
7 5-C08. 13-E03 mannosidase 367 mannan hydrolysis 3'lack
ORCDO02_02-F11, . B ) B
8 06-F11, 14-B01 Glutathione S-—transferase 216 glutathione S-transfer full
9 ORCD1002_‘F0027761 1, Endo—glucanase RCE2 360 glucanase 5'lack
ORCDO02_03-F02, o ) salivary gland protein
101 67-Hos, 09-poe | Neuropeptide-like protein |78 | o ioriain qessge | M
11] ORCDO02_03-F07 |Neuropeptide—like protein 31 75 antibacterial? 044662 full
12| ORCDO2_03-Hog | Nucleic acid— associated |46 |\ cieic acid binding | 3'lack
protein36
13| ORCD02_04-A11 Proteosom(tayps;gumt, alpha 241 protein hydrolysis 3'lack
_ . serine protease ,
14| ORCD02_04-E10 Trypsin | (EC 3.4.21.4). 237 (P00765) 3'lack
15| ORCD02_05-Bog | "étinoic acgfé{:itr‘j”"' binding | 3¢ retinol binding 5'lack
16| ORCD02_05-F09 Interleukin—4 102 cytokine full
17| ORCD02_06-A02 Trypsin 245 proteinase (Q6R671) full
18| OrRCDO2_06-C08 Ubiquitin-conjugating 147 | ubiquitin-proteinase full
enzyme
19| ORCD02_06-H11 SD12036p, lipocalin 142 | hvdrophobic molecule f -
bind, immune response
20| ORCD02_07-D09 Peroxiredoxin V protein. 188 redox protein full
21| ORCD02_07-F06 Delta-5 fatty acid 439 lipid desaturation 3'lack
desaturase.
22| ORCD02_08-D10 Cyclophilin A. 164 neural development full
23] ORCD02_09-C01 Selenoprotein W1. 86 selenium containing full
241 ORCD02_10-D01 tumor protein 172 tumor related 3'lack
25| orcpo2_11-805 |SP'T ha”d/foﬂt deleted genef 7 | Gevelopmental defect | full
26| ORCD02_11-B12 Cystatin 98 cystein protease full
inhibition
ORCDO02_12-D10, - . .
27 16-D04. 23-G12 Laminarinase 276 laminarine hydrolysis full
28| ORCD02_12-E05 Ficolin4 341 defensin, immune 5'lack
response
29| ORCDO02_13-A07 | Defender against cell death| 112 apoptosis regulation full
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(A) (B)

@ Peter Brueggeman

©) (D)

Figure 3-4-1 Organisms studied in this study: (A) Antarctic sea urchin, Sterechinus
neumayeri, (B) Arctic sea urchin, Strongylocentrotus droebachiensis;, (C) Antarctic
hexapod, Cryptopygus antarcticus; (D) Antarctic acari

- 203 -

50 ng of total RNA or 25 ng of poly A* RNA
{researcher provides)

v

Synthesize first-strand cDNA

v

cDNA Synthesis by LD PCR

v

Electrophorese a sample on a gel

v

Sfi | digestion

¥

cDNA size fractionation

¥

Ligate cDNA to pDNR-LIB vector

v

Transform cells and plate out

¥

Titer unamplified library
& check % recombinant clones

Figure 3-4-2. The flow chart for construction of ¢cDNA library by using Clontech’s
Creator SMART c¢DNA Library Construction Kit

- 204 -



75
Sn TGTTATACTTAGACGTAAACAACCT-AAGCACCAGAGAACTACGAACCTAAAGTTTAAAACTCAAAGGACTTGGC

La -. Lol

Pl C..T...T ..................................
Si -T..C.CTCG...A

Sp -T..C.CTCG...T.

Hp -T.TC.CTC....A

Pm -...CT.GCC...A

T.AAGA-T..
.T.AAGA-T..

Figure 3-4-3. 12SrDNA-tRNA(gln) sequences of S. neumayeri
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675
Sn TAAATCCCCTC-TCAAGGCTTCTACAGTCTCGCATCAGGACTTATCCCC-TCTCTCCTG--TCGTCGGTCGGGTG
e .TAGT.T. C

.T TGTA.T..

Sn TTCC-AGTATTATCTCTTTTGCATAT-GGGGGGGGGGGGGGGGGGGTCTTCTTTATGT-ATGTTTA-—-——————
La .—....C..T...GCT. S ittt .C.TCT.T..T.A..TTTA---——
GGGGGGG-. . T A

—AA TTTTAACAG

825

Sn TATATAACACACG-TAAAACAGGGGATAGTTTTAATAAAAAACAACAGCTTTGGGAGTTGTAGATGTAGGTGAAA
G. .C.

La .T..G.ATGTTGC. .A
PL ... --TT.C

Si T.A..AA.CT.T....
Sp .TGA.GAACC--T....
Hp ... .T.A.TAA.CT.T..
Pm ...... TATA.A.A-.TGT..

Figure 3-4-3. (continued)
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o))

66/-/53/87 S. intermedius

98/100/100/100 - S. purpuratus

—— H. pulcherrimus

99/99/96/100 L. albus

P. lividus

100/100/100/100

S. neumayeri

P. magellanicus

(2

S. intermedius

H. pulcherrimus

(A) — L. albus
(@)

P. lividus

(8)

S. neurmayeri

P. magellanicus

50 25 0 (MYA)

Figure 3-4-4. The maximum likelihood (ML) tree (1) and the molecular
clock—enforced tree (2) of the 12SrDNA-tRNA(gln) sequences from the Antarctic (S
neumayeri), the South American (L. albus and P. magellanicus), the Mediterranean
(P. lividus) and three strongylocentrotid sea urchins. The phylogeny is reconstructed
by PAUPx* program (version 4.0b10; Swofford, 1998). The branch support values are
from ML, MP, and ME (LogDet distances) bootstrap analyses with 1000 repetitions
and from BI credibility values. The scale bar represents the divergence time
calibrated by the use of separation between Strongylocentrotidae and Parechinidae as
the reference time point (35-50 MYA; Smith, 1938).
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(A)

TCTACAAACCACAAGGACATTGGAACACTTTATTTGATTTTTGGAGCCTGAGCTGGCATG
GTAGGCACAGCTATGAGTGTGATTATCCGTGCCGAATTGGCACAGCCTGGTTCTCTACTA
AAAGACGATCAGATATACAAAGTGGTCGTTACCGCACATGCGCTAGTCATGATTTTCTTC
ATGGTAATGCCAATAATGATTGGTGGATTTGGGAATTGACTCATTCCACTGATGATCGGT
GCACCAGATATGGCCTTCCCCCGTATGAAAAATATGAGCTTTTGACTTATTCCTCCTTCC
TTTATATTACTTTTAGCCTCTGCAGGAGTAGAAAGGGGAGCAGGTACTGGCTGAACTATT
TACCCCCCTCTCTCTAGTAAAATAGCACACGCCGGAGGGTCCGTTGATTTAGCGATCTTC
TCCCTACACCTTGCCGGTGCCTCTTCTATCTTGGCCTCAATTAAATTTATAACAACAATT
ATTAATATGCGGACACCAGGAATGTCTTTTGATCGTCTTCCTTTATTTGTCTGGGCCGCC
TTTGTTACCGCGTTCTTACTGCTCCTTTCTCTCCCAGTCTTAGCAGGAGCAATCACAATG
CTTCTTACAGACCGTAAAATAAATACAACTTTCTTCGATCCAGCAGGGGGAGGTGACCCA
ATTCTATTTCAACACTTATTCTGATTTTCTGGTCACCCAGAAGTATACATTCTCATCTTG
CCGGGATTTGGTATGATCTCACACGTTATAGCTCACTACTCTGGTAAGCGGGAGCCTTTT
GGGTACCTGGGAATGGTTTACGCCATGATTGCAATTGGGGTTTTGGGATTCCTTGTCTGA
GCCCACCATATGTTTACAGTAGGAATGGATGTTGATACACGAGCATACTTCACTGCCGCC
ACGATGATCATTGCTGTTCCAACAGGAATTAAGGTTTTCAGATGAATGGCAACGCTCCAA
GGGTCTAATCTACAATGGGAAACTCCCTTACTATGGGCCTTAGGATTTGTTTTTTTATTC
ACGTTAGGAGGACTCACAGGTATTGTTCTTGCCAATTCCTCCATTGACGTTGTTCTTCAT
GATACCTACTACGTAGTGGCTCACTTTCACTACGTTCTTTCAATGG

(B)

AAACCAGGATTAGATACCCTGTTATACTTAGAAGTGAACAACCTTAAGCACCAGAGAACT
ACGAACCTAAAGTTTAAAACTCAAAGGACTTGGCGGTTTTCCAAACCTCCCTGGAGGAGC
TTGCCATTGAATCGATAACCCACGAAACACCTCACCAACTTTTGTAACAACAGCTTGTAT
ACCATCGTCGTAAGTCTACTTCTTGAGAAAGTTGACTTTAAGGGAGAGCCTTAGACGTCA
GATCAAGGTGCAGCCTATAGGTTGGGAATAGGTGAGCTACAATGTTTGAACAAACCAGTG
AAAGAAGGGATGAAATACCCCTCGGAAATTGGATTCAGCAGTAAGCCCCATTAAGAAAAT
GGGGCTGAAAAGAGCTCTGGAATGCGTACACATCGCCCGTCACTCTCGCCTAGTTAAGAT
TACGCAAGGGGAGAAAAGTCGTAACACAATAGGCACACCGGAAGGTGTGCCTGGGAAAAT
GCCCCTATAGTTGAAACACAACAAGAGCTTTTCACGCTCTAAGTTTGAGTTAAAGTCTCA
ATAGGAGCTAAAGGCCTTGAAAGCTCAACAAATAGAGCGTTTGGTCTTGTAACCAGGAGA
GAGGGTTAAACTCCCTCTCAAGGCTTTAGAGTCTCCCATCACAGCTTCCTACCCCTCTCT
CCTTCGTCGTTCGGGTTCCCTGGTATTACCTCTTTTGCATATGGGGGGGGGGGGGGGGGA
CTCTAAATTATATATAATAAACGATCTATCAAGGGATAGTTTAATAAAAAACCGCAGCTT
TGGGAGTTGCAAATGTAAGTGTGAACCTTATTCTCTTGAACTTAAGGAGATGGGGATTGA
ACCCACAACAAAGAAGTCAAAGCTCCTCGTTTTTCC

Figure 3-4-5. COI (A) and 12SrDNA-tRNA(gln) (B) sequences of S. droebachiensis
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(A)

S.intermedius

57
75 S.purpuratus
8 S pallidug
95 S.drobachiensis
e H.pulcherimus
—|_— S.nudus
92 S.franciscanus
P.lividus
Alixula
0.0z
(B)
S. pallidus
—Jo»
8. droebachi
©) S. inter d;
®) — S. purpuratus
sy H. pulcherrimus
Y S. nardus
|(E)
S._franciscanits
(P. fividus)
t i t i
15 10 5 0 (Myr)

Figure 3-4-6. Molecular phylogenies of

A minimum evolutionary tree of 12SrDNA;

the Arctic and other related sea urchins: (A)

(B) A molecular clock-enforced tree

among the species showing their divergence times.
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Molecular Function
vitamin hinding
tructural constituent of it
# o T electron ransporier
unidentified protein activit,
) i ¥ L7E%
transferase activity . e
2944 carrier activity
mucleotide hinding fon hinding
139% Tipid binding E30%
217%
nucleic acid hinding
259%

Cellular Component {Gene Ontology)

intracellular organelle
16.37%
membrane

v 22.69%
intracellular

36.53%

membrane-bound
organelle 15.99%

ribonucleoprotein complex SR SO . B
1.71% organelle
392%

Figure 3-4-7. Composition of the Arctic sea urchin ESTs with regards to their

molecular functions (A) and their cellular localizations (B)
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fikb =
2.1kb —p»

11 O-COISLR? / Hexall16S-F

2: cviBF / Hexall165-R

Figure 3-4-8. Long-range PCR products of the antarctic hexapod, Cryptopygus
antarcticus. lane 1 and 3, O-COILF O-NDA4LF; lane 2 and 4, O-COILR™ O-ND4LR.
(HexaU16S-F and HexaUl6S-R primers are reversed)

P
A

Figure 3-4-9. A putative gene arrangement in the mitochondrial genome of

Cryptopygus antarcticus. (the directions of 16S primers are reversed.)
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60
AATTACTATCTAATCTATTCACTAATCTCTACATCATTAATTGTACCTTTTTATCTAATA
AATATAAATAGATTCACCGAAATCTCTAAAAAATTTAGAAAAAAAATTTTTAAACTTAGA
CTAATTTTTAGTGTTATATCACTAGGAGGACTCCCTCCTTTATTAGGATTTTCGGCCAAA
TTCTTAGCAATTAAATTGAGATTATATTTTTTCCCCATTTACGTTATTTTAGTTTTAATT
TTGTCGTCCTTAATTTCTTTATTTTATTATTTTAAAATAATTTATAGAAGACTATTTCTA
AATACATATGACTTTAAAATAATTAAACCAAAAAACTTTATACTAGTAAATATTTTTCTT
TATATCTCAATAGCCGGTAATCTAATTATCCCTTATGTAGTTTTATTAACTTAAAATTTT
AAGTTAATAAAACTAAAAGCCTTCAAAGCTTAAATTAAGAGTTTAACCCCTTAAATTTTA
AGTCTTAGGTTGTACCACTTTAAGATCTGCAATCAAATTTCATAATTTTGAATATAAGAC
CTAAGTATACTGGAAATAAAATTTTAACAAGAGAGGAAACCTCGTAATTAAATTTACAGT
TTAAGGCCTAAAATCAGCCACCTTGCTTTAATGAATCGTTGACTTTATTCAACAAATCAC
AAAGACATCGGAACTATGTATCTCATTTTTGGTGTTTGATCGGCCATAGTAGGAACAGCA
TTTAGAATATTAATCCGCTTAGAGTTAGGACAACCTGGGTCATTTATTGGGGACGACCAA
ATTTACAACGTAATAGTGGCTGCGCATGCTTTCGTAATAATTTTCTTCATAGTTATGCCA
ATTATAATTGGAGGGTTTGGTAATTGACTAATCCCTTTAATAATTGGAGCCCCCGATATA
GCTTTCCCCGAATAAATAATATAAGTTTTTGACTTCTACCCCCRTCTCTTATTTTACTAC
TATCAGGAGGRTTAGTTGAAAGAGGAGCCGGGACTGGGTGGACAGTTTAYCCCCCTCTTT
CTGCCGGTATTGCTCACGCTGGGGCRTCAGTAGATCTTTCAATTTTTAGTCTACATCTAG
CCGGGGCGTCTTCAATTCTAGGTGCCGTAAATTTTATTACTACWATTATTAACATACGTT
CGTCKGGTATAACATGAGAYCGCACACCATTAYTTGTATGGTCTGTATTTTTAACCGCAA
TTTTACTTTTACTTTCTCTCCCAGTATTAGCAGGGGCTRTTACCATACTTCTCACCGATC
GTAACTTAAATACATCTTTTTTCGACCCCGCAGGAGGGGGTGACCCTATTTTGTACCAAC
ATTTATTTTGATTTTTTGGGCACCCAGAAGTTTATATTCTAATTTTACCAGGATTTGGRA
TRGTGTCGCACATCATTACTTTCGAAAGAGGTAAAAAACAAACATTTGGTCAATTAGGAA
TGATTTATGCAATAATAGCAATTGGACTTCTAGGATTTATTGTATGAGCCCATCATATAT
TTACAGTAGGAATAGATGTAGATACACGAGCTTACTTTACAGCCGCGACTATAATCATTG
CGGTACCCACAGGAGTAAAAATTTTTAGATGGGTAGCTACTTTACAAGGTAGTGCCTTAG
TTATAACACCAGCTTTAATATGAGCCATAGGATTTGTTTTCTTATTCACAGTAGGAGGAT
TAACAGGAATCATTTTGGCTAATTCATCTATTGATATTGTACTTCATGACACTTATTATG
TAGTAGCCCACTTCCACTATGTTTTATCTATGGGGGCAGTATTCGCTATTATAGGAGGGT
TAATCCACTGGTTTCCTTTATTTACAGGGGTAAATCTAAATCCCAAATGACTTAAAATTC
AATTTATAACAATATTTATTGGGGTTAATATAACCTTTTTCCCCCAACATTTTTTAGGTT
TAAATGGTATACCTCGTCGATACTCCGATTACCCAGATGCATACACTACATGAAATGTTG
TATCCTCATTAGGAAGATACACATCTGTTGTAGCTGTTCTTATATTTAGATTTATTATTT
GAGAGTCTATGACTTCAAGCCGCCCTGCCTTATCTAATTTTATTTATTCTCCGTCTATTG
AATGACTTCAAAACACACCCCCATCAGAACATTCATACTCTGAATTAACTCTAATTTCTA

Figure 3-4-10. Sequences of the mitochondrial genome of Cryptopygus antarcticus:

about 13kb is determined.
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2220
ATTTCTAAAATGGCAGATTAGTGCAATGAGTTTAAGCTTCGTAAATGAATAACTTATTCT
TTTAGAAATCCCCACATGAGCTTCTTTAGGGTTCCAAAACGCAGCTTCTCCTCTTCTAGA
GCAATTAATTTTTTTTTCATGATCACACACTAACTATTTTGATTCTAATAATTACAATTG
TATCTTTTAACTTAGTGTCGACAGTGTTTAACCTAAATATTGATCAATATATAATAGAGT
CCCAAGACTTAGAGTTATTTTGAACTATTGTCCCTAGATTTATTTTAATTTTTATTGGGC
TTCCTTCAATTCGCCTCCTATATTTAATAGATGAAGTATACAAACCTGATATTACTATTA
AAACAATTGGCCACCAATGGTATTGATCATATGAATACTCAGACTTTTGTAATGTAGAAT
TTGATGCTTATATAATCCCAAGAAACGAAATAAACCCAAACATATTTCGCTTACTGGATG
TAGACAATCGCACAGTAATTCCGATAAACTCCCAAATTCGAACTTTAATTTCTGCTGCGG
ATGTTTTACATTCATGGACTGTGCCAAGAATAGGTGTAAAAGCAGATGCTGTCCCGGGAC
GTCTTAACCAAGTAAACTTCTACAGAAACCGACCTGGATTATTTTTTGGCCAATGTTCAG
AAATTTGTGGGGCTAACCATAGATTCATACCAATTGTTATTGAAAGAGTTACTACTAAAA
ATTTTATTTCATGGGTTAAAAAGATAATTTACATTAAATGGCTGAAAGTAAGCGCCGGTC
TCTTAAACCGCAAGATATCACTTTCACACGTGATTTTAATGATAAAAATTAGTTAATACA
TAACATAGTTTTGTCAAAACTAAATAACTTATTAAAGTATTTTTTTATCCCTCAAATAGC
CCCATTAAGATGATTAATTCTATTTTTTATATTTTCTATTTTATTTCTTTTTAGAATAGC
TAAAATATTTTTTTCTAAAATAAATCTTTCATTTACTTATACACCCGCTAATAAAACAGA
AACCAAATCTCTCCTAACCTGAAAATGATAACTAATTTATTTTCGGTTTTTGACCCATCT
TCTTCTTTAAGAATACCTATAAATTGAGTAAGAGCCCTAATCTTTATTTTAGTAGTTATC
CCCACATTTTGGGTAACCCCTACCAAAGCTGCTACTGGGTTAAACACCATGTCAGAAAAA
TTACACTACGAATTTAAGACCCTTTTAGGAAATACATCTTTTCAAGGGAGAACACTTCCT
TTTATTGCCTTATTTATATTTATTTTAATTAATAATTTTATAGGACTATTTCCTTATATC
TTTACAGCATCTAGACATATAATTTTAACACTAACATTAAGAATACCTCTTTGATTAACA
TTCATAATATTTGGGTGAATTAATCAAACAAAGCACATATTTGCCCATTTAGTTCCACAA
AGCACCCCAGGTGCATTAATACCATTTATAGTTTTAATTGAGTCAATTAGAAATGTAATT
CGACCTCTAACTTTGGCAGTTCGTCTTATAGCAAATATAGTTGCCGGACATCTATTAATA
ACTCTATTAGGAAATCAAACTGCGTCTGCCTCAGGAATTATTTTAGCAGGACTTCTAGCA
ACTCAAATCATACTATTAACTCTAGAATCAGCGGTAGCCGTTATTCAATCATACGTATTT
GCCGTTCTTTCAACTTTATATGCTAGAGAAGTAACATCACACTAATGATAATTAAAAGAA
ATCATTCATTCCACCTAGTAGATCAAAGCCCGTGACCTCTTACTGGGGCAACTGCCGCCT
TAACAATAGCTACAGGAATTGTAAAATGATTTCAAGAATTCGACAATAAGCTATTTTTAT
TTGGCTTGTTAATTTTATTAATTACTTGTGTACAATGGTGACGAGACATCAGACGTGAAG
GAGCCTTTCAAGGTCTTCACACATCTATTGTAATAATAGGACTTCGATGAGGTATAATTC
TATTTATTACGTCTGAGATTTTATTTTTTTTTTCATTTTTCTGATCATTTTTCCATAGAA
GACTATCCCCTTCAATAGAAATCGGACTACAATGACCACCCAGAGGAATTTTACCATTTA

(Figure 3-4-10. Continued)
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4320
ATCCATTTCAAGTACCTCTTTTAAATACAATTATTCTTCTATCGTCAGGAGTAACAGTTA
CATGAGCCCATCATAGTCTTATAGAAAATAACCACTCTCAAACAACAATAGGCCTACTAA
TAACAGTAATTCTAGGATTTTATTTTACCTCCCTCCAAGCTTTAGAATATTGAGAAGCTT
CTTTTACAATTTCAGACTCAGCATACGGCTCAACATTTTTTATGGCAACTGGGTTTCATG
GTATTCACGTAATCATCGGAACTACATTTTTGCTAGTGTGTCTCACACGTCACATCTCGC
ATCAATTTTCTAAAAACCACCATTTCGGGTTTGAAGCGGCTGCGTGATACTGACATTTTG
TAGATGTGGTATGACTATTTTTATATATAAGAATTTATTGATGAGGGAGATAGAATAAGC
TTTATTTACCCCTAGTAATTATAGTATATTGTATATTTGACTTCCAATCAAAAGGATCCG
GTAGGATAATTATAATTACCACTACTATTATCACATCTCTAGGACTACCCCTAGCTTTAA
TTATATTAAATACAACAATCTCCAAAAAATCTCTCATAGAACGAGAAAAACCGTCAGCAT
TTGAATGCGGGTTTGACCCTAAAAGATCAGCTCGATTAGCATTTTCTCTTCGATTCTATT
TAATCGCAGTAATTTTTTTAATCTTCGACGTTGAAATTACCCTAATTATACCTATCCCAG
TTATTATATTATTAAATAACACTCTAGTAGTAATCAGAATGGCTTGTTTTTTTATATTTA
TTTTAATTACTGGCCTATACCACGAATGAAACCAAGGAGCTCTTGAATGAAAATAGAATT
GTAGTTAAATATAACATCTGGGTTGCATTCAGAAAGTACTATAAAGTCTATTTTTAATAA
GAAGTGAAACATTGCAGTCAGTTTCGGCCTGGAGGTTGGAATTTTATTCCCTTATTTTAA
GAGAAGCCAAATTGTAGGCTTACCACTGTTAATGGTAGATAGGAGACTTACCCTTTTAAT
GAGAAAAGAGGTTCAAATTTAAGCTGCTAACTTATAATTTTAGCGGTTAAACCCCGTTAT
TTTCTTTAGTTATTTTAGTTTAGACAAAACCACACATTTTCAATGTGTAAACGGGACAAA
CCCCTTATAATTTTTGAGTTATTATATCTAAAACTCTGGGATATTTATCTAAAGACAAGA
GTCATCCCCATATCTTCAATATGATGCTCTTTTTGAGCTATTTAAATTAAGGGAGTAAAA
AAACTAGACTAATTAAAATAAAAATTAAGAATAAATAAAATTTAAGATTAGAAATTCTTA
AAATATCTAAACTCAACGCTGAAGACCCTATCTTATTAATTGCCCCCTGACCTCCTGCGT
ATTCCATTCAACCCTGATCAGCGTATTTTAAAATAAAAGACCCCAATTTTAATAATGGTA
TAAATATGATACTAGATAGAAACGGAAGAAACCATATAGAACCTATATAATTAAATAAAA
TTTTACAATTTGAGCCTAACACCGGTGATTTATTTTCCATTACAAAAAAAATCAACCAAG
AAAAAAATATTAATCCCACTAAAATTATAGTTTTTAAAAATATGGGAAGATTAATTAAAT
AAACTGGAAATATATTAACACTTATTCATCCACCTGCAAATAAAGATATTATAAGCAAAA
GGCTTATTGGGCTAATTATACCAACGTGCTCAGCCAAATTTAGTAAACCTCGGGAACCTA
TATTATTAAAAAAAATAAAATATACTAAGCGAACAGAATATGTGAGAGTAAATATAGTAG
CACCAAACACCACTAATAATATAAAAAAATTAGACCCGCCCATAAAAAACAATTCTAAAA
TTATATCCCTTGAGTAAAATCCTGATAAAAAGGGAAACCCACATAAAGCTAAAGAAGCTC
TTATAAAATAAAAGGAAGTAACAGGACAAGAAATATTTAAACACCCTATAAATCGAATAT
CTTGGGTATCCCCTATAGAACGAATATAAACTCCCGCGCATAAAAACAATAGCGATTTAA
ATATAGCATGGGTCATTAAATGAAAAAAGGAAAACTCGTAAAACCCTAGTCTCAATGTTA

(Figure 3-4-10. Continued)
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6420
TTATTATTAAACCTAATTGACTAAGGGTGGATAAAGCAATAATTTTTTTTAAGTCGTTTT
CTAAATTAGCCCCAAGGCCAGACATGAATATAGTTAAGACCCCAATACAAAATAAAAATC
TGTTACACCCTATTATATAATTAAATCGAATTAAAAGATACATGCCGGCAGTAACTAACG
TAGAAGAATGAACTAAAGCTGAAACTGGAGTAGGGGCCGCTATAGCTGCTGGGAGCCAAG
CAGAAAAGGGTATTTGGGCTCTTTTAGTTATAGCCGCTAAAACTACTAATCCTATTAATA
TCAAATTTTCGTTTGGGTTAAAAATAAACTGGAAATAATAAAAATTTCATCTTCCGTAAT
TTAATAACCACGCGATCCCTAATAAAATTGCTACGCCTCCGATTCGGTTAGAAAGAATAG
TAATTATACCTGCGTTAGCAGATTTATTATTTTGGTAATAAATAACTAAACAATAAGAAA
CTAACCCTAACCCATCCCAACCTAATAAGATTCTAATTAAGTTGGGGCTAAGAATTAAAA
AAACTATTGATAAAACAAATAAATAAACTAACAAGATAAACCGCACAAAAAATTTATCTC
CCTCTATATAAAAAGTTCTATAGAATATAACCATAGAAGAAATTAATAAAACTAAGCCTA
TAAATATTAAACTCATTCAATCAAAAATTAAAGTTATAATAATAGAAACTGAACCAAAAT
CTATAATTTCTCATTCCACAAATAAAACTTTTGTTATAAAATAGTGGGAATAGCTATAAT
AAATTCTCATAAGACCAAAAACACTAAGTATAAACCCCACATAATATGTAATAGATAAAA
ATAATTTAATTATCAAGAGGATATAACCATCTATAGCTCCACAAACTAAAATTTTAATTT
AAACTACCTAGATTAAAATACTATAAATAAAGAAGGATTTAAAATAATAAAATTTAATGG
AATAATATGAAGAGCTAAAACATGTAATTCTCGGTAATTAGAAGACCCAACTCCGTAACT
AGTAAAATAAATCCTCCCGTGCTGAGAATACGAAAATATAAAAATTGTAAACACCGCCCC
TAAAAAAGATCCAATGGGGAATACTAAGACTATCAATAAATCAAATCTTATAATTCTCCC
CATTAAAAAAATTTCAGCTAAAAGATTTATAGTGGGAGGAGCTGCCATATTAGAAGCTCT
TAATATAAAAATTATTAAACTAAGGGTAGGTATAATTAATAAAAGTCCTTTGTTAATATA
AAAACTTCGTCTACCAAGTCGCTCATAATATATATTAACGATACAAAATAAACCTGATGA
AGAAACACCATGACCGATTATTATAATTAATCTCCCTTCATAACCCCAATTAAATAATGT
TGAACCCCCACAAATTACCATGCCCATATGTGCTACTGAAGAATAAGCAACTAAAGCTTT
AAAATCATTCAAGCGACAACAGATGAAACCCACATAAATTATACCAAAAAGTCTTAATCC
GATAAAATAAGAATTAAAAATTCTGTAATAAAAATAAATAATAGAATAAAATCGTATTAA
CCCATACCCCCCTAACTTAAGTAAAACCCCAGCCAAAATCATTGAACCCGCTACCGGGGC
CTCAACATGAGCCTTAGGTAACCATAAATGTGTAAAATAYATAGGAAGTTTAACTAAAAA
AGCTCTTATTACTATTAAGCAAAAATAAAATTTAAAATTAACTAAATTAGMTGACGTATG
GRTAAATATTAACCCAAATCTCAAATCTGAGTAGCAATAATAAACATAAATAATAGAAAC
CAAAAGAGGTAAAGAGGCTGTTAAAGTATAAAATATAAAATAAACCCCGGCCTGAAGACG
TTCGGGTTGGTAACCCCACCCTATAATAATAAGYAATGTGGGGATAAGAGAGACCTCGAA
AAAAAAATAAAATAAAAGATARTCACCKACGTAAAAAGTAATTAAAAGAACCGTTATAAG
ACCTACTACCAAGAATAAAAATAACCCAACTCTTTCCCTATTTTTTGCAATTTTATAACT
AGAAGAAATTATTAATAAACTAATTCAAATACTTAAAAACACTAATCTTCTTCTTATAGA

(Figure 3-4-10. Continued)
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8520
ATCAGAATARGTGTTTAATTCGCCAATATAATAAAACTCTCTGAAATTGAATACACATAA
GATCATTAAAYTAAGTATCAAGCCMCCAACGAAGTATATAATACTCCTAGAGCCCAAAAA
TAACATATAGAAAAGACTAAATAAAGAGTTAAAAATAAAAATAAATATCATTAATAATTA
AAACAAACTAAATCTTTTAAAATAATCACCTCCGTGRGTACGTCTTATTATAACTAAAAT
TGATAATCCTAAAGCCCCCTCGCAAGCAGTAAACGTAATATAAATCAAAGAAAAAAATAT
ATCTAAATTGGTCAATAAGAGTAAAAGTAAAAGATATACACCTAAACTAATAAATTCAAG
ACTCAATAAGACAGAAAGAAGATGTTCACGCTTGGAACAAAAAATTCATAGGCCTGAAGA
AAAAATAAAAAATCTTATTATTATAGAAAGAGAAAAAATAAGTTTATATAGTTTAAAAAA
AACATTAGTTTTGTAAACTAAAATTTGGTGAGCCATAAAAACTTCAAGAATAAACAAATT
TATCTTAAACTTCCAAAGCCCAAATTTTTAACTTAAACTAATTCTTGATATTAAATTAGT
ATTTATCTCGTCAGTTTTTAGTAGTATAATAATTATATCAAGCTCACATCCGGTAGCTAT
CATGGCGTACATTCTCATACAAACAATTATTGTATGTTTAATAGCCTGGCTATTTTTAAA
AACAAGTTAGTTTTCATTTATTTTATTCTTAGTATTTTTAGGGGGGCTTATGGTCCTATT
TATTTATATTACTAGATTAGCGTCTAATGAAATAATTAAATTAAACTTAAATAATATGCT
TATAACCCTTTTTACTACAGTGGGCCTAGTAATAATTGTAATAAAATATTTAAACCACCA
AATAGATCTAAAAATAGATTTACTAAACCAAACCAAAACATTTTTTAATATATATTCTTT
TGAATCTTTAACTATAACCGGGCTAGCTATAATTTATCTTCTTTTAACATTAATCGTAGT
AGTAAAAATTTCTAATAAATTTAATGCCCCTATTAAAAATTTAATTTTTGAGTAAAAATA
AGTTGTAAAACAATTAATAATTAGAAAACCCCCTCAGTATAACATATAATTAATTGTAAT
GATAAGAATACGAAAAACACACCCCCTGATTAAAATTGCTAATAATGCTTTAGTAGACCT
GCCCGCCCCTATTAATATCCCAGCGTGGTGAAATTTCGGGTCAATTTTAGGTTTATGCTT
AGTAACACAAATCCTAACTGGTTTATTTTCAGCTATGCACTACACCGCTGATGTAAGACT
AGCCTTCAACAGAGTAGCCCATATCACCCGTGATGTAAATTACGGGTGACTCCTACGAGT
AATTCATGCTAACAGAGCTTCTTTTTGTCGCCCTATATTTACATGTTGGGCGGGGGATAT
ATTATGCCTCATATATATACACCAATACTTGAATAGTGGGCGTATTAATTTTATTTTTAG
TTATAGCAACTGCGTTCATAGGGTACGTACTTATTTGGGGACAAATATCATTTTGAGCGG
CTACTGTTATTACTAATCTTTTGTCTGCTATTCCTTATTTAGGTAATATGCTAGTACAAT
GAATTTGAGGGGGATTTGCGGTGGATAACGCCACACTAACCCGGTTTTTTACTTTCCATT
TCGTTCTACCTTTTATTATTGCAGGTATAGTTATAGTACACTTACTATTCCTACACCAAA
CGGGGTCTAATAACCCCTTGGGAATTAAATCTAATGTAGATAAAATCCCATTCCACCCAT
ATTTTTCATTTAAGGATCTATTTGGTTTTACTTTAATTATATGATCTTTAATGTCATTAG
CTTTAATTAGACCGTATCTATTAGGAGACACAGAAAATTTCATCCCCGCCAACCCCCTAG
TTACACCAGTACATATTCAACCAGAATGATACTTCTTATTCGCGTATGCTATTTTACGCT
CAATCCCTAATAAACTAGGGGGAGCTGCCGCTCTTGTAGTGTCAATCGCTATTTTATTTA
TTTTACCATTTTCGACTAAATGTAATCTCCAAGGAACACAATTTTACCCTATGAGACAAT

(Figure 3-4-10. Continued)
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10620
TTATTTTTTGGGCTTTAATTAATATTGTGATTCTTCTTACATGAATCGGGGCACGACCAG
CCGAAGACCCGTATATTTTAGTCGGGCAAATTTTAACAATTGTATACTTTATATATTTTG
CGTTAAACCCCCTTATAATAAATATATGAGACAAGATTAACCGCTAATTAATTAATTAGC
TTAGTGATTAAGCACTTACCTTGAAAGCAAGCTACAAGAGTTTAATTCTCTTATTAATTT
ATCTCCAAAAGGTTGTGATTTAAAGGGTACTTCCCTCCCATATAGTGTATAATTATACAG
TGTTACCCGCACAAGCAACAGTTTAATTCCTAAATTAAACCTGACAATTTTAATAGCAAA
CTAGGTAAAAATAGAAACCAAAAAATTAAATATAATAAAATTTAAAGATACCGGCAAAAA
ACTTTTTCAAGCCAAGTATATTAATTTATCATAACGAAACCGGGGTAAAGTACCCCGAAC
CCAAATAAATCAATAACAAAAAAAAGAGCCTATTAAATTAATTAAAATTAAATTAAAAGA
ACCCCCCATAAATATAACAGAAACCAAATATCTCATAAAAATAATTCTACCATACTCGGC
TAAAAATAAAARAAGCAAACCCTCCTCTTCCATATTCAATATTAAACCCAGAGACTAACTC
AGACTCCTCCTCAGAAAAATCAAATGGCGTACGATTAGTTTCTGCTAAAATAGATCTAAC
CCAACATAAAAAAATTGGAAATAAAATTAAAAAAAACCAAATATAAGTTTGTCCTAATCC
CATCAATATGATTTTATAACCCCCCACTAAGAAAATAACAGATAAAAAAATTAATGCCAT
TCTCACCTCATAAGAAATAGTCTGGGCAACTCCGCGAGTTGCCCCCAGTAGGGCATAATT
TCTATTAGAGGACCAACCTCTCGATATTAATGTATAAACGCCGAATCTTGTGCAACAAAA
AAAAAATAGGCCCCCAAAAATATAGTTAACTAAATTTCTTCTTAAAGGAAAGACAGATCA
AAGAAGAATAACTATAAAAAGAGAAATTACTGGAGAAAAATAATAAGGGATAATATTAGA
AAAAAGGGGGATAGTCTGCTCCTTAATAAATAATTTAATTGCATCCCCGAAAGACTGAAC
TACCCCCACTAATCCCACCTTATTAGGACCCTTACGAATTTGGATATAACCAAGAATTTT
ACGCTCAAATAAAACTATAAAAGCCACTCTAATTAGAACCCCCACCACTAAAATTAGGTA
AGATAAAAATAAGCTAATAATTTCTTTTAACACTGTTAAATGAAAGAAATTTCATATAAA
GATTCTAAATCAATTGCACTAATCTGCCAATTTAACAGATAAAAATTTTAAAATTTAATT
GGTCCTTTCGTACTAAATTATAACCCAAATCTTTAAGATAGAAACCAACCTGGCTCACGC
CGATTTGAACTCAAATCATGTAAAAATTTTATAGTCGAACAGACTATCTAATAGAAAATC
TACCCCCTAAAGAATTTTTAATTCAACATCGAGGTCGCAAACTAAAATGTCGATAAGAAC
TCTTAATTTTAATAACGCTGTTATCCCTAAGGTAGTTTTTTATAAAATTTCAAATTAAAG
TTAATTAATAATATTAAAAAAAAATAAACAGAAGTTTTTTATATTCTTTCGTTGCTCCAA
CAAAATTTAAATTTAAAAATTAATACTATAACAAATTATAATCGTATAAAATAAATAAAA
CTCTATAGGGTCTTATCGTCTTTAAAGTAAACAGAGCATTTTCACTCTAAATTCAAATTC
ATTAATTAAATTTAAAAAAACTAAACTACGTAAAACCATTCATACAATTCCCTAATTAAG
AGACTAATGATTATGCTACCTTTGCACGGTCATAATACCGCGGCCCTTTATATATACAGT
GGGCAGGCCTTACTTTAAATGAATCCTTAAAGAAATGTTTTTGTTAAACAGACGAAATTT
GTATTGTCGAATTTTTAAAATTAAAATTTTTAATACAAAAAATAAAAAAAAATTAAACTA
CTAATAAAATTATTAAAAAAATTTTTTTGTTGGTAAAAAATTCTAGAATTTAAATTAAAC
AAAAAATAAATTACAAATTAAATTTATTAAATATAACTTTATAAAAAAGGCTGATTTAAA
GCCTATAAGTAAAAAAATAAAATTTTTAATTTTGAATAAAATA (12763)

(Figure 3-4-10. Continued)
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(A)

100 Crchesella villosa 165 ribosomal RMA ..

455{ | Orcheselia villosa 165 ribosomal RNA 2
A Tetrodontophora Bielanensis 165 RMA

Sminthurinus himaculatus 165 ribosoma

Cryptopygus 11848 163 rRNA
100 Falsomia candida 165 ribosomal RNA ge.

Xenylla grisea 165 ribosomal RNA gene..

Gomphiocephalus hodgsani mitochondrio..

42
) Morulina verrucosa 163 ribosomal RMA ...
i Neanura muscorum 165 ribosomal RNA ge..:
—_—
0.05

(B)

Yertagopus brevicaudus voucher
Desoria tshernovi voucher RTTWM AT FO

Isotomurus sp.

Stachanaorema tolerans voucher
Cryptopygus antarticus coi

Folgomia bisetosa voucher R2M E3 TWHE. .
Sminthurides malmgreni voucher AYEE5356
Archisotoma polaris voucher R2R A3 BF...
Entomobrya comparata voucher AYBE5343
Gomphiocephalus hodgsoni NC 005438
Hypogastrura concolor voucher R21P A2
Tetrodontophora hielanensis AF272824
Onychiurus groenlandicus voucher AYEB
Onychiurus orientalis complete COI
Morulina mackenziana voucher AYBE5313

Podura aguatica NC 006075

’— Pseudosinella biunguiculata haplotype...

100 \_|: Lepidocyrtus lanuginosus haplotype AF...
89 Seira steimetzi AF398104

50

Figure 3-4-11. Phylogenetic trees of the collembola specie, Cryptopygus antarcticus
based on 518-bp 16SrDNA (A) and 667-bp COI (B) genes.

- 219 -
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FES FHAGATQNA ARPY L Ao] o] $F NRE FnHD, 44
e Ay o5 249 AN AAron Fsar

2Bt B BYA 1A Aol AAtoz 22 100444 Tt

b #4854 24

(1) Genomic DNA #& 9 AA

Zy o]Fo A A3 dod 20uE AFEES] lysis buffer[10mM Tris-HCl pH7.5, 125mM
NaCl, 10mM EDTA, 05% SDS, 5M Urea, 0.1mg/m{ proteinase K|& Z7}slo] 7 M=
Z £33 % binding buffere} isopropanolg AFE3le] genomic DNAE 23191,
Accuprep® Genomic DNA Extraction Kit(Bioneer Co., Korea)?] column o] 43}e]
AstArk. #2 - FA% genomic DNAE H7]9% o2 218 ¥, NanoDrop® ND-1000
Spectrophotometer(NanoDrop Technologies, USA)E Al&3le] TEE A3t -80Tel

BasAr.

(2) RAPD(Random Amplified Polymorphic DNA) 4]
27 - AAE genomic DNA 20ngS PCR buffer[10mM Tris-HCI(pH8.3), 50mM
KCl, 20mM MgCl,], dNTP mix, random primer 10pM, 7aKaRa EX Tag™ DNA

polymerase(TaKaRa Co., Japan) 1U2 #H7lsto] HF F97t 25u7F S| 25 E&AS =
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At T 94TCoNA 587F vlE] WA F 94TA 18, 40CoA 18, 72TCelA 2% &9t
403] W2 A17l 3(PTC-200, MJ Research, USA), Z252 15% agarose gel 7]
FToR Rty on, vy S vERY = DNA ©ES 24359t

(3) LPL(lipoprotein lipase) A #-2] F% 2 PCR-RFLP +4

LPL A7 EAde FFAIRE ol&dton, 5 LPL 345 F%st7] 93
primer= Oku %(2002)°] W3%3 Pagrus major LPL AAfAAHGenBank accession
No. AB054063) @71 €8S Edi2 AzZstAtt. LPL 479 exon 2¥ d9E& F%3
7] 9sted  Rsb/LPL-1451U (5'-AGG AGA TAC TAC GTA TCA CG-3)%
Rsb/LPL-2541L (5'-TAT CTG CAC TTT ATG ACT C-3’) primerE A}-&3} 3t}

ZZ 0SS genomic DNA 50ng, PCR buffer[10mM Tris-HCI(pH9.0), 40mM KCI,
1.5mM MgCly]l, dNTPs 200uM, Z+z+e] primer 20pM % 7ag DNA polymerase(Bioneer
Co, Korea) 05US #7lsta #HF 25u7F =S DidE Hr7isigon, 94T A 5
F v WAL T 94T A 30%, 55CelA] 30%, 72ClA 1#&2o2 353 AT
(PTC-200, MJ Research, USA). TZAt&EL2 1.0% agarose gel 77|95

RFLP(restriction endonuclease length polymorphism) #4418 PCR SZ4t% 3ol =
}EA Mspl, Alul 2 Hsp2TE 3U H7bete] AAFS 10u2 233 F, 37ClA
3AIZE BES AT ZF Algta Aol 93] okl PCR SEAHE2 2.5% metaphor agarose

gel A7|dEo 7 FAANFL BA5)

RAPD #4 ZA3}oA &2l3d DNA tdHS agarose gel2FE 3434, Power
Gel Extraction Kit(DyneBio, Korea)S ©]&3F9] DNAZE elutiond ¥ pGEM T-easy
vector system(Promega, USA)& A&3le] 249 S AAsAY AZ ® cloneoZ &
B plasmid DNAZ 3|43 % BigDye Terminator Cycle Sequencing Kit(Applied
Biosystems, USA)E ©]&3lo] @714 ZANES Ak W&ol 8 e ¢
& AA F, ABI 377 DNA Sequencer(Applied Biosystems, USA)E A}&3}o] d7]A
45 ZAAs}ANSeH, Chromas 230 (Technelysium Pty Ltd, Australia) %
DNAstar(DNASTAR, Inc., USA) L2138 o] g3l d7|¥elE nHla EA 383t}
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ERCE R RS -2

(1) BEAE
A FGA 2l AT A A BedEen A5H 67199 9 18
M et 7 10AAH Fete] 2%2A, 3 x

Sttt

(2) Total RNA &2 2 AA

B 2524, 1 24, A%z @ aFdx2dE 242 100mgH skl AA A
22 olg3te] 39t TRIzol® Reagent(Invitrogen, USA) 1ml& H7pste] 4&
oA 5E3F WA HEA 943 4ol = vS, chloroform 0.2m EEU Ao 3%
FFATTE A4 E(12,000xg, 4C, 15%) stk AF Aol isopropyl alcohols X
7bebe] Ao 1087 Forl YA #8(12,000xg, 4T, 10%)3te] RNA pellet?t

Pt 75% AeEE A Feo RNA pellets AZ2AZ §F, B g Zo] A o]
&3kl

(3) mRNA 2 % AAl

Total RNAZ¥E  oligo(dT)-latex bead® At€3t=  NucleoTrap®mRNA
Purification Kits(Clontech, USA)& ©] &3] mRNAE 3|53ttt Bg &2
Al 3143 total RNA 250ug°] RMO buffer 300uE Yol &33lal, oligo(dT)-latex
beadE 40ul o] 68TCelA 523 7FEs §, F2olA 2&8nt FEE #Fo FH
A 1087 wrS Al AT A s o] pelletdt 3 dar RM2 buffer 6000 = 3 7o) il
%, RM3 buffer 50042 beadE 2% §H&3to] A3t 68C =2 v ©l9] & eluting
buffer 80ut 7ate] 68°ColA 723 7k . dAdE st o 35ug°] mRNAE 3
T8kt

(4) Subtracted cDNA library #| 2} & 2]
@ Subtracted cDNA library Azt
67MEs 2 18/M¥Ed B 53237 5olx< cDNA library:= PCR-selected

cDNA subtraction kit(Clontech, USA)S& A}-83}¢] Figure 3-5-19] WHo = A2 sk
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gk 22 28x7 7 9@ ¥ mRNA 2ug°] cDNA A primer(10pM) 15 #H 7}
ko] 70T AA 283 WESAIA dFo 2837 Tk 5x first-strand buffer 240,
ANTPmix(ZH10mM) 1.6, AMV reverse transcriptase(20U/ul) 10S 23 0] 42Tl A
90 7F RESAIZL ) A goll ol & 7td ¢cDNA F4S AAAHIL, FA€E g 7t
cDNA¢l 5x second-strand buffer 16x¢, dNTP mix(Z10mM) 1.6x¢, 20x second strand
enzyme cocktail 4.0ul 2 BHEFE HUlete] HF 807t FEsE Z2AHE ], 16TAA 2
Al wSAIZl . T4 DNA polymerase 20(6U)E #7Fske] 16Tl 3083 & oF,
20x EDTA/glycogen 4uE #7lste] +
cDNAE Phe/Chl/Iso (25:24:1)2 FE3le] A2 pellets Hira 50ulol =<0 F, A7)
E3to] PolyA" RNA® FAES vl - &A]5te] A gl o] &3ttt

st 3 F 71 cDNA(ds ¢cDNA) %4 @S blunt-end2 WHE 7] 9al, ds cDNA 435
ol 10x Rsal restriction buffer 5ut¢} Rsal (10U/ul) 15u0% 7Fske] 37Tl A 90
7t g A7) & Phe/Chl/Iso (25:24:1)2 FE89a, A5 dS 343ty AdAz F, 4
T 55 wel ok 5 3 A S Rsal o2 Aw® cDNA 209 adaptor 1(10uM)3}
adaptor 2R(10uM) Z+ZF 2404, T4 DNA ligase(400U/ul) 1p0E A 7138ke] 16ColA a3
Wl =9k wh2A]7] 31 EDTA/glycogen mix 1ulE % 7}sle] adaptor-ligated tester cDNA

et cDNAZ #Astdd. g4E ¥ g

Z TEAh

Subtractive hybridization< 29A|Z A A9l o™, WA 132 hybridization Table
3-5-17F o] FH|ste] 98T AlA 90&3t WAL - 68TAlA 823 Tk wh&AHTh
12} hybridization WF-g-°] #u driver ¢cDNA 140, 4x hybridization buffer 1p0, 4=
25 H7Fste] 98T olA 90% &<t WHS-AlZl $ hybridization sample # 13} # 2(Table
3-5-D)8 &3t 68ColA a=w 5k vk
Atk wkS$o] Euk 2% hybridization mixture: dilution buffer 2000Z H7}8ke], 68T
o] A 7EZF BFEAIA AFo] AR TE 22} hybridizationo] B4 2+2He] subtraction A
EE 12 2 23 PCRE 33t om, 13 PCRS Table 3-5-29F 22 2422 94T
A 10%, 66CAAlA 30%, 72ColA 0% ZHo &z 273 WAl AT Table 3-5-37 %
2 7o & 27 PCRE S35t en, 12 PCR 4AHES 10w) 84ste] 23 PCR +d4&
£ 3t template® A3} 1, Table 3-5-33 72 Ao & 94TA 10%, 68CA 30

oo

A 71 Ao 2 22 hybridizations A A8k

Z, T2Co A 5% 7oz 123 WgAlA PCRS Fdstth 22 PCR7A 4351
AL FE cDNA (subtracted cDNA)E #7149 %F3le] kit W2 unsubtracted control 2
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7} 7} o] unsubtracted cDNAS} Hlw3sl3, HAAFA 0= gubtraction®] ® RS A I
PGEM-T easy vector system(Promega, USA)S ©]-&3&}o] subtracted cDNA library=
T3tk Subtracted cDNA library A|2HA] A}8-3F PCR primer % adpator?] Al &2
Table 3-5-4¢} Zt}.

S oHEE 282H 22 1848d 2524
RNA ~nArsAs~ RNA ~A ,*,. A~
¢cDNA =—— ¢DNA
Adaptor 1 — Adaptor 2
[ e e S —— S —
First Hybridization
A — —_——
b= | = —t= ——
o — \ Second H'xbridizaﬁon / -_—
a,b,c,d + [ ————]
T
A — —— -
p B=—a B=4 SE——11 3
= | =]
1 {= Add primers  <C > 3 — 5
[ E=—= Amplify by PCR -

Figure 3-5-1 Schematic diagram of PCR-selected cDNA subtraction.

Table 3-5-1. Setting up the first hybridization

Hybridization Hybridization

Component
sample # 1 (0) sample # 2 (ul)
Rsal digested driver cDNA 15 15
Adaptor 1 ligated tester 1-1 15 -
Adaptor 2R ligated tester 1-2 - 15
4x hybridization buffer 1.0 1.0
Total volume 4.0 4.0
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Table 3-5-2. Preparation of the primary PCR master mix.

Reagents Amount per reaction (x0)
Each subtracted cDNA 1.0
10x PCR reaction buffer 25
dNTP mix (10mM) 05
PCR primer (10uM) 1.0
50x Advantage cDNA polymerase mix 0.5
sterile H.O 19.5
Total volume 24.0

Table 3-5-3. Preparation of the secondary PCR master mix,

Reagents Amount per reaction (x0)

diluted primary PCR product 1

10x PCR reaction buffer 25
dNTP mix (10mM) 05
Nested PCR primer 1 (10uM) 1.0
Nested PCR primer 2R (10uM) 1.0
50x Advantage cDNA polymease Mix 0.5
Sterile H,O 185
Total volume 24

Table 3-5-4. Sequences of the PCR-selected

adaptors and target PCR primers.

cDNA synthesis primer,

Primers Sequence

c¢DNA synthesis primer 5"~ TTTTGTACAAGCTTyxNIN - 3"

5’ - CTAATACGACTCACTATAGGGC 7CGAGCGGCCGCCCGGGCAGGT - 3
Adaptor 1 3~ GGCCCGTCCA- 57

5’ - CTAATACGACTCACTATAGGGCAGCGTGGTCGCGGCCGAGGT - 37
Adaptor 2R , . i

3 - GCCGGCTCCA- 5

PCR primer 1 5"~ CTAATACGACTCACTATAGGGC - 3"
Nested PCR primer 1 5" - TCGAGCGGCCGCCCGGGCAGGT - 37
Nested PCR primer 2R 5’ - AGCGTGGTCGCGGCCGAGGT - 3°

G3PDH 5" primer

"~ ACCACAGTCCATCAC - 3’

G3PDH 3" primer

5"~ TCCACCACCCTGTTGCTGTA - 3

5
5

M13 Forward (-20) primer 5’ - GTAAAACGACGGCCAG - 37
5"~ GTCCTTTGTCGATACTG - 3~

MI13 Reverse primer
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@ Subtracted cDNA library®] differential screening

A Ze B2 Z28%74 subtracted c¢DNA library® PCR-Selected Differential
Screening Kits(Clontech, USA)< Al&3ste] #2433tk Digoxigenin-dUTP(Roche,
Germany)<S ©o]&3&ko] A3 4719 probe® forward-subtracted(67] ¥ ®-1871€ %)
cDNA library % reverse-subtracted(187|1 23 -671€3) libraryE #2435t} Probe:
7} subtraction @AOA] 4L 22 PCR 4tES AASIY] 16E 98Tl 1027 #
WA Al A DIG High Primelrandom hexamers, ImM dATP, 1mM dCTP, 1mM dGTP,
0.66mM dTTP, 0.35mM alkali-label-digoxigenin-11-dUTP, 1U/ul labeling grade
Klenow enzyme, 5x reaction buffer in 50% (v/v) glycerol]l 443} 4}o] 37ColA 194 3F
WAzl & 0.2M EDTAE 2 9ol &4 AAAHY. Zb subtracted cDNA library =
F¥ 13 colonyE template® &}, nested primer 13} 2RE o] &3}o] cDNAYF F%
A7 1, 0.6N NaOH¢} 1:112 & 3le] DNAE WA A7l F nylon membraneo] 1u0% &
Zth cDNAZF %744 2% nylon membraned 0.5M Tris-HCI(pH7.5)dl 4% FoF Fof
FANAL, 52 o] EV|E AAS e UV-crosslinker (UVP CL-1000, USA)=
cDNAZS nAHA AL cDNA dot blota 47012] probeE AF-&3}o] Bl A 5la, WkE 29
< $18te] Y blots 8% FHIsIA T

Z} blot< hybridization bottle® &7 hybridization buffer(5x SSC, 2% blocking
reagent, 0.1% N-lauroyl sarcosine, 0.02% SDS, formamide 50%)E membrane 100cr%d
20mE ¥ar, 42ColA 3A17F E<t pre-hybridization WSS AAIEch A5
chroma spin-100(Clontech, USA)S o]&3le] AHAlsla, s A FAdH 4719
probe[unsubtracted tester probe(6M), unsubtracted driver probe(18M),
forward-subtracted probe(6M-18M), reverse-subtracted probe(18M-6M)]& 98ColA 10
B2F Adste] WAAZ & 25ng/ml FEE FH7Fete] 42Tl A 18417t hybridization ®F
$& AN &9l Hybridization®] ¥ blot2 maleic acid buffer® 3731, washing
solution(2x SSC - 0.1% SDS, 0.5x SSC - 0.1% SDS, 0.1x SSC - 0.1% SDS)2.Z blot
S AAEAT. AA] E blote maleic acid buffer (0.1M maleic acid, 0.15M NaCl,
pH 7.5)e 13k WA A7l ¥ 1% blocking &Hell Al 1A17F 53k vbEA T §95 o
2lal 1% blocking &% (Roche, Germany) 200m(°] Anti-DIG-AP 105 % 7}3+
antibody oAl 30%3 WHS-AIFATL Antibody €4S W23 washing buffer(0.3%

tween 20/maleic acid buffer)@ 15%3F 23] A& 33, blotdmd detection buffer
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[100mM Tris-HCI (pH 9.5), 100mM NaClJell 2%7F 531t} Detection buffer® 1008 3] Table 3-5-5. Primers for semiquantitative RT-PCR.
23 CDP-Star[25mM disodium 4-chloro-3 (4-metoxyspiro {1,2-dioxetane-3,2'~

. , , Annealing
(5’ ~chloro)tricyclol[3.3.1.13,7]decan}-4-yl)phenyl phosphatelell blotS 5&3F © <+ F, o & Clone name Primer sequence(5 " —3 ") temp(TC) PCR cycle
9] £71&5 AA3te] ChemiGenius 2( Syngene, UK)el 533t =& Al A signals Q14 6MO5A3-40 FW: CAGAGTGAACAGATATGGAAC 59 18
RV: TACGAAGGGGATAGTGCTGA
t}. ImagerE ©]-&38Fe] vl A 3 blot9] signal> NBT/BCIP £ % (Roche, Germany)2 OS5 FW: TCATCCGCAGTGAGGCTGCT - -
o] &3to] A Asto] BAE AT} RV: CTCATCACTGCCTACCACCA
TS A9 FW: CTTACGGATGTCGACATCAC
6MO5A3-58 RV: GACTACCTCATGAAGATCCTG 63 7
@ Differential screening2 2 H 3 FA2+2] semi-quantitative RT-PCR 6M05A3-89 L Wi CACGAAATATTCAGCCTCCG 59 18
RV: CTCGATGGTCTTGATCAGGA
Beto] 7 zRozRE F AAF total RNAE  SuperScript™First-Strand as oy W TGATCGCTGATCACTTCCTG o s
. . - - 2 = = RV: TCTCTTACCATCAGCTTGAC
Synthesis System(Invitrogene, USA)& ©]§3t4 3 719 ¢cDNAZE 33t & RT-PCR
L 6MOSA4-06 FW: TCTGTCCAGGTTTTTGGACG 5 16
S F33}h Total RNA 2ugS 10mM dNTPmixel oligo(dT)s-15 0.5¢gS &3] 6 o RV: ATTAACGGTAGGACTTCTGG
5CelA 5% wgAzl o Aol 1% E FUth 10x RT  buffer[200mM SMOSAL- FW: TCATCOATGGGCTCGATCAT 5
1A 5% & Al s ged 1% B Fack [ 6MO5A4-69 RV: TACTACGAGCAGTTCGCOAA 65 18
Tris—HCl(pH8.4), 50mM KCH, 25mM MgClZ, 0.1M DTTy RNaseOUTTMRecombinant _ FW: GCTCCGACGTGGAGAAAGGA
6MO5A4-71 RV: TTCGTGATGTCCAGGAAGTC 0 18
Ribonuclease InhibitorE #7}8te] 42TColA 287 w3 A 7 % SuperScript™ I
18MO5A1-13 FW: TATCGGTCTCCTCTGTGCAC 55 18
Reverse transcriptase® % 718lo] 42TColA 50%7F vbSA| ATl 70Tl A 1587 934 : ’ RV: TCAGATTCCCACATGTGCAG :
Moo WAL G e e =0y = Asbate] 37COIA 2057 .. FW: TGACTTTGACTTCGCTGGCC
A s AL F oF dFel FATIF RNase HE #7hste] 37ColA 20+ IBMOSAL-22 Lo o o T TTCACACC 57 17
HESAlA 3 7te cDNAZ 3 lth. Dicentrarchus labrax®] GAPDH <714 < o FW: CAAGGACATCTACAACAAGC
18MOSAL-26 RV: GTACGAACACGGCTGGACAG 57 18
(GenBank accession No. AY863148)& 71%& 3}o] A|Z3t primerE ©]&3te] 3 714
18MO5A1-90 FW: ATGGGAGAGAAGCTCAACAT 59 16
cDNAS] 3oy 9 FAda&s Felstdlon, semi-quantitations $lste] 3 7hd ) RV: GCGCTCTTCACCAGCTGCTT )
o = . - FW: TCACACACGTGGAGTCATAT
2k o ] 2k3lslod &z gk o ) =2 A8 F N —5- SA9—|
cDNAHS AzsstAdcnt. A+l cDNAS target primersS AFE3Fo](Table 3-5-5) 18MO05A2-09 RV: GAGATTGAAGACCTGAGGATC 61 18
15-18 cycle ®H-&A121 AHE S agarose gel A7]g-&sto] &AstAar, Z47¢] PCR A=<l 8M0sAz-7s  FW: GGTATGGTGGGAAGATGAGT = 1
RV: TGAGCCTTGAGAGACTGGAG
& band9] intensityS densitometer (Vilber Lourmat, France)S o] &3lo] A ksl &
18MOSA2-84 FW: ATCGTCGGTCACGAGCACTA 59 18
R Rt=N RV: AGGATGCTCTGGAAGCCCTT
18MOSA3-04 FW: ATGGCCTTCGCTGGTTTCCT 63 18

RV: CCTGGTTTTCACTCTTCCTC
FW: ACGACAACGAGTTCGCATAC

GAPDH RV: CTCACACCTTTACTCCATCTC 62 15
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@ Northern blot analysis

Ay By Z8xzozyRE Rz AAI total RNA 30ug(5u0)S RNA sample
buffer(64.5% deionized formamide, 8.35% formaldehyde, 0.64x MOPS) 1510} 4391 65C
ol 15837+ WMAAIZ t}& formaldehyde gel-loading buffer[50% glycerol, 1mM
EDTA(pHS8.0), 0.25% Xylene cyanol FF, 0.25% bromophenol blue) 2ulE ¥l 1.2%
formaldehyde geloll loading3dt%13l, 5x formaldehyde gel-running buffer[0.1M
MOPS(pH7.0), 40mM sodium acetate, 5mM EDTA(PpHS.0)]Z #7149 % sttt A7
Fo] ¥y gelS WS E formaldehydeE F %3] A 73 & capillary transfer o2
nylon membrane®] RNAE %713 UV-crosslinker(UVP CL-1000, USA)E AF&35te] 1
AAIZ1 % high SDS hybridization buffer[5x SSC, 0.1% N-lauroylsarcosine, 7% SDS,
2% blocking reagents, 50% formamide, 50mM sodium phosphate buffer(pH7.0)]& ©] &
3}o] hybridizationS 2 A8 th Probe DNA+ subtracted ¢cDNA library S #43lo] &
13 cDNAE DIG High Primes o]&3to] FAd3skala, 98ColA 1083 7Fdste] & 7F
gdog wWAAZ F 25 ng/mlEEE hybridization ¥HS-ol AF&3FItE WESo]
membrane Southern blot #2404 2ol Fd3A HAI vhd, CDP-star (Roche,

Germany)E AH&319 3L, X-ray filmoll =& A1A signalS 15tal B3],

(5) ACP(Anealing Control Primer)-based PCR %W¥<& ©o]&3% GeneFishing™

DEG(differentially expressed gene) discovery

@ First-strand cDNA Synthesis

22 6/MYE Y 18€L8 5o 2HE g AAS total RNA 3ugs Reverse
Transcription System(Promega, USA)S ©]&3le] 3 7}5 cDNAE 439t} Total
RNA  3pg, 5x reaction buffer 4pl, dNTPmix(Z+ 2mM) 5xl,  10pM
dT-ACP1(5'-CGTGAATGCTGCGACTACGATIIIT(18)-3", Seegene, Korea) 2ul,
RNasin®RNase Inhibitor 0.540, M-MLVRTase(200U/ul) 1u0E #718ke] 42Tell A 143}
308 B¢t ¥k8-A17A GeneFishing™ PCRS Fd38l7] 913 & 7be cDNAZS @4t
FAE & 7k cDNAE 5] 34 ste] Agdo] -20Co] H#AaAT

@ ACP-based GeneFishing™ PCR
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GeneFishing™ DEG Kits(Seegene, Korea)s Al&3F9], ACP-based PCR ¥ (Kim
S, 2004)°] we} dHF zZolE vElE FHUAE screeningstth 7 7tY cDNAE
PCRe 3 WA GAdA FAdstdon, s4% d7te cDNA 50ng, dT-ACP2(10uM) 1
w0, 10uM arbitrary ACP 140, 2x Master Mix 1005 E§3}le] 94TColA 1%, 50Tl A
3%, 72TCoANA 183 vgAIAT F 7 cDNAS §Ade] 2y ofg F WA 99
PCR2 94TCol A 40%, 65ColA 40%, 72TColA 40%2] 7o Z 403 WHg3tac. F%

AHE-S 2% agarose gelol A 719 %3t EtBr2 M 3lsc).

@ DEG(differentially expressed gene)®] 7144 A=A

FENES HUIYFSte] Ld" AolE #ld cDNA Wi=E A FHFEAA
GENCLEAN 1I Kit(Q-BIO gene, USA)S Al&3te] AAIS%3, ABI PRISM
3100-Avant Genetic Analyzer(Applied Biosystems, USA)E ©]&3}o] cDNA ©¥He] o

NG BAsAT

(6) Real-time quantitative PCR 4]

Total RNA 2ugS ol&3te] 3 7be cDNAE 20p0 #7443ttt PCRell A&3
target 429 primer(Table 3-5-6)% poly(A)+ HZo] FE& 1 FZ3 dHo =
717} 70-200bpel ™, Ty #teol 58-60C7F % & A A9t Pre-PCRE primer %
cDNA AelE #9213 % cDNA 5ng, primer(forward+reverse, 10pM) 0.8x(, SYBR
Green Master Mix(Applied Biosystems, USA) 105 H7lste] HZF K371 207}
HEE 2743t 95TelA 30%, 60CTolA 304, 72TCelA 309 2o 403] wH&
AR FAYD ZAE st FY FAA diE 33 wEAIS FPeqdon,
real-time PCR +#41& Applied Biosystem prism 7900 Sequence Detection

System(Applied Biosystems, USA)S o] &3}o] =33} T}
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Table 3-5-6. Primers for real time quantitative PCR.

DEG No. Target gene Primer sequence(5” —3 ")
FW: CAGAGTGAACAGATATGGAAC

DEG 14 Unknown RV: TACGAAGGGGATAGTGCTGA

. ) FW: TCATCCGCAGTGAGGCTGCT
DEG 38 Parvalbumin RV: CTCATCACTGCCTACCACCA
DEG 60 Unknown FW: CTTACGGATGTCGACATCAC

RV: GACTACCTCATGAAGATCCTG

(7) Rapid Amplification cDNA ends(RACE) W' 2 & cDNA cloning

cDNA®] 5781 37 o Za A7 £4357] f13te], BD SMART'VRACE c¢DNA
Amplification Kit(Clontech, USA)& AF&3}4 ¢cDNA ¥ A7|NES X¥st= dH S
Aot RACE &) A& primeres GC §3Fo] 50-70%, Zol& 23-2897], Tm #<
70C olAo] HEZE AAsIoen 52 37 -RACE-Ready cDNAT total RNA 1ugg
57 - CDS primer(5  —(T)»sVN-3") % 3" - CDS primer AG -AAG CAG TGG
TAT CAA CGC AGA GTA C(T)xVN-3' )¢ SMART I A oligo(c’ ~AAG CAG
TGG TAT CAA CGC AGA GTA CGC GGG-3')E o]&3to FAsiALt. 5% 37
-RACE PCR2 108 343k cDNA 25ul, target f+d#2] F7|MES ZAZ A =3
primer 10pM, 10x Universal Primer A(5° -CTA ATA CGA CTC ACT ATA GGG
CAA GCA GTG GTA TCA ACG CAG AGT ACG CGG G-3') 5ul, dNTP mix
10mM, 50xBD polymerase mix& 537} 50ul7t = =E 243Fo], WA 94T A 30
Z, 72CoA 327 53] whgAH L, 94TelA 30%, 70Tl A 30%, 72Tl 329 =1
o2 53] F72 HEEAIZL ol 94Tl A 30%, 68ColA 30%, 72TCelA 379 =12

f

il

253] wkg-A1Zth PCR AHE S 2% agarose gel A7l 5oz 8<l3}¢] i, target W=

3)4=38te] TA cloning 3} %3 th.

i

il
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2. 94F NE A%

7h AddE oF A4S 98 o]FTE DNA AEFE B F33 549 4

(1) o4 DNA N 281r

2

W, e

| zoze wee 4SSl By ARE FUAL, Bodemny
genomic DNAE 27 - 4Alste] A4¢ SEG0ng/)= £33 oM, 4717 A8

ske] ~70Cel] B#A3F T

(2) RAPD(Random Amplified Polymorphic DNA) 4]

FPAow frgotal FAe] G ofFoAa e FEY FHA 54S A
$8te], 10mer® o] Fo|¥ random primerE AR&3le] B3 th. 200702 random
primers #A4lste] FEg P AS YEtE 19709 random primer=F-E 76709 ©h3
GAHS 18t al(Table 3-5-7), AAAEES gl th(Figure 3-5-2 ~ 4) °l% F
OPA-11 primers =717} Z+Z: 619bp, 647bp 2 1,200bp¢l 371¢] DNA ©#H o

=
10702l genotype®] el O™ (Figure 3-5-5), Z} genotyped WZ& #4138 a3t A
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Table 3-5-7. Primers and primer sequences used for the detection of
polymorphisms in red sea bream, Pagrus major.

Primer

Sequence

No. of total bands No. of polymorphic bands

OPA-11
OPA-16
OPB-01
OPB-14
OPC-09
OPD-01
OPE-08
OPG-07
OPG-15
OPG-20
OPH-14
OPI-07
OPI-08
OPI-19
OPI-20
OPJ-01
OPJ-03
OPJ-11
OPJ-14

5'-CAATCGCCGT-3'
5'-AGCCAGCGAA-3'
5" -GTTTCGCTCC-3'
5'-TCCGCTCTGG-3'
5'-CTCACCGTCC-3'
5'-ACCGCGAAGG-3'
5'-TCACCACGGT-3’
5'-GAACCTGCGG-3’
5'-ACTGGGACTC-3'
5'-TCTCCCTCAG-3'
5'-ACCAGGTTGG-3'
5'-CAGCGACAAG-3'
5'-TTTGCCCGGT-3’
5'-AAAGTGCGGG-3'
5 -AATGCGGGAG-3'
5'-CCCGGCATAA-3’
5'-TCTCCGCTTG-3'
5'-ACTCCTGCGA-3’
5'-CACCCGGATG-3’

10
13
11
10
10
12
7

9

12
13
13
14
9

6

10
12
16
10
12

= O e 01 W W W e e W W W WD O

Figure 3-5-2. RAPD profiles for the detection of polymorphisms in red sea bream,
major by using random primers. OPA-16, OPB-01, OPB-14, OPC-09,
PD-01 and OPE-08. M, molecular weight marker digested with EcoR 1 and Hind 1I.

Pagrus

OPE-08
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OPI-07 OPI-08
Figure 3-5-3. RAPD profiles for the detection of polymorphisms in red sea bream,

Pagrus major by using random primers OPG-07, OPGB-15, OPG-20, OPH-14, OPI-07
and OPI-08. M, molecular weight marker digested with EcoR 1 and Hind 1I.

OPJ-14

Figure 3-5-4. RAPD profiles for the detection of polymorphisms in red sea bream, Pagrus
major by using random primers OPI-19, OPI-20, OPJ-01, OPJ-03, OPJ-11 and OPJ-14.
M, molecular weight marker digested with EcoR1 and Hind 1.
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Figure 3-5-5. RAPD patterns of 10 genotypes (ab,c,de,f,g,h,I and j) within the red
sea bream, Pagrus major obtained with primer OPA-11. M, molecular weight marker
digested with EcoR1 and Hind TI.

N

cagtegecgtagtgagggaggtggecgtggtettggtgagagacagaaagagagaategeectecggggggaage 75

76 aagaactaatgagtgagctaaaaaggacaagatggagtgatcctctataaaaagaccagcagtaatcteteccte 150
151 tcctecctetectetectetececttaatgtectaagagatettggetectecgtaaagectgetgectetgeae 225
226 atcaaacagggctgattagagctgcacaccttgecggtgctggagetttggacagggtgcagaccaagttecaagg 300
301 gagactgagtgttag caaagage tcttcaagttagtggacatctetetggactatacacattt 375
376 gaacagctaccactgaatcagcatgcccgacttcagtatccacttaccatatetetaacccaatgecteggaget 450
451 caaataacagcagtgtctttcaaattagggccagtgtgctgetttggattettetgteatgtecagatgatatecag 525
526 toweseccccagaggtgcaageggegettgaatcetaategteatcaacagategtectgttceattecacattageg 600
601 taaatggtcacggcgattyg 619

o -

b

=

-

caatcgccgtgtagacatctgttttatcattttetggaagttgecatcaccaacagetteatcattcacaaagaa 75

76 ctctgtgcactccggcaaacaaagcccatgacacagagegtttagaggagetgactgetgagetttttaacatge 150
151 ctctecacacacctectgetetggeacetgeaggteatettectgtgectgteattgatateagtgaattaggac 225
226 cctgtgagagagcccccatgggtegcaagaggtgtgaacattgecacaaccaaggccagegaaaggacacacegt 300
301 ggtaatgcatggagtgtggtgtttgcctgtgcctgcagetggatgatattecatttgecacacactgtatgaagett 375
376 aatctgtggtatgacatcattattcagtccctettacatttgatgaaagtagagtgacagacaacactactcaaa 450
451 aaactgtaactgtcagattgggaaaaaacagcacgctctgacctttgatagtatetectgtgaccttettggtta 525
526 agtcggtgacaggactccaggtgtecteegtegteagtgetgcagatgtagcaaagacgggtceacattettteceg 600
601 tcaccagctgataggacttctgatgtgtgggcgaaagaccgegatty 647

Figure 3-5-6. Nucleotide sequences of the polymorphic DNA fragments, 619bp and
647bp obtained with primer OPA-11.

.

(3) #¥ LPL FAx 9] t3d A &4 2 24

FEel LPL 424 Wel vdds &dsta A8 A LPL f349] exon 2W %
EgetE 4GS FHEANA ATFELE AHESHY RFLP 2402 3/ (Mspl, Alul 3
HspR2I) 84S 8289 (Figure3-5-7, Table 3-5-9). %3+ PCR A& zZ7]|&=
1,091bpol o™, n 23S 3= G99 hEFHQ genomic 7F E vdE e
AT AR YA+ Figure3-5-83 2ok, Mspl tbdAS 22358 d7] C7F G

2 transversion®] o dgEA e FEo FHxFol EAs e, 2719 ud &

=

m
rlr
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Azt o) 3709 frHAe
W tH(Table 3-5-10). &=t AW o] e Msplell o8 dds
AAS] WMEE 0699 WA, YE FAg
¥ AB| HlEE 06801%lem, BB Wl ghxak Awyg gl di
ZF 0.029F 00301t AR HmsE Fvuw, ok g
B7F 01601l om, A& FAREL2 247k 063, 03701 Atk @k A 5l dE g
Aol M Al vE4E B4 23 339 grixges A 5749 e

C, D, # E) & 12709 #2349 W=zel glo} Fuzte] 83 Abol& veplon, 1,727
W E717F A—G, 23199 9717F CoT 28] 23629 §717F T->CE B transition®]
dojk Fejoldrh 12709 F1AF F ACe BDE dohd oyl av7h $dd e
2 Qlste] PCR-RFLP #j¥lo e Fio] &rbedtdlth. @54k Adgdele= Rl
ol Apeld molARE 574l Wy FAATE AL, 12709 KAl EAEe A
S st olE 59 WEFARY] WEE zhzh 021, 045, 0.29, 0.04, 0.02% &
34 Bel Wlkv 0452 /M mger, di FAHEe A B % C HHFAA
7t 019, 0.36, 0459 M=2 vepgon, dH{FAA D Ex I FAHd M= Y
Al ek okER @A ATl A #d 12709] fdA4E & AC BDe TU# A7)
% ddd gHoR Q3te] PCR-RFLP AR o2 o] Brbsstait
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Figure 3-5-7. PCR-RFLP patterns in inton 1, exon 2 and intron 2 of the red sea
bream LPL gene. (A) Mspl PCR-RFLP analysis. Lane 1 & 2, AB; lane 2, 5 & 8, BB;
lane 4, 6, 7 & 9, AA (B) A/lul PCR-RFLP analysis. Lane 1 & 13, BB; lane 2 & 11,
CD; lane 3 & 8, AC; lane 4 & 9, AB; lane 5 & 10, CC; lane 6 & 14, AA; lane 7 &
12, BC (C) Hsp92 I PCR-RFLP analysis. Lane 1 & 4, AA; lane 2 & 3, AB; lane 5
& 6, BB. M, 100bp Plus DNA ladder.
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Mspl
A 2235) A Hsp9211
u (C>G) u (2532)
(17f8) 6 (ToA)

(A-G)

(1451)  (G—>A)
(2158) (2355)

(2541)

Figure 3-5-8. The diagram outlines the partial genomic structure of the red sea
bream LPL gene including parts of intron 1, exon 2 and intron 2 as amplified by
PCR. The Mspl, Alul and Hsp92Il sites are shown with their positions (numbers
below the diagram).

Table 3-5-8. Frequency of 10 genotypes obtained with primer OPA-11 in
offspring from selected korean, cultured japanese and their reciprocal
intraspecific hybrids of red sea bream, Pagrus major

Frequency of genotypes

Genotype Experimental groups
K* (94**) ]* (72**) KK* (96**) ]]* (64**) K]* (93**) ]K* (96**)
a 0.04 0.01 0.00 0.00 0.00 0.01
b 0.40 0.81 0.45 0.63 0.52 0.76
c 0.03 0.01 011 0.00 0.01 0.01
d 0.03 0.00 0.00 0.00 0.01 0.00
e 0.25 0.00 0.22 0.01 0.06 0.07
f 0.01 0.01 0.01 0.00 0.03 0.00
g 0.20 0.13 0.19 0.28 0.27 0.15
h 0.00 0.03 0.00 0.08 0.10 0.00
i 0.03 0.00 0.01 0.00 0.00 0.00
j 0.01 0.00 0.01 0.00 0.00 0.00

* K: Korean line (KORDI-F4), J: Cultured japanese line (JPN), KK: KORDI-F4 % x KORDI-F4 %
JJ: JPN$£x JPNE, KJ: KORDI-F4¥x JPN$, JK: JPN$x KORDI-F4 %
##% Number of DNA samples
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Table 3-5-9. Allelic fragments in inton 1, exon 2 and intron 2 of
the red sea bream LPL gene.

Restriction
Allele Fragment length (bp)
enzyme
Mspl A 785, 306
B 1091
Alul A 278, 66, 63, 31, 60, 370, 42,181
B 278, 66, 63, 31, 60, 370, 223
C 344, 63, 31, 60, 370, 223
D 344, 63, 31, 60, 370, 42,181
Hsp92 11 A 176, 907,8
B 176, 915

Table 3-5-10. Allele frequencies of Msp1, Aluland Hsp 9210
polymorphisms in inton 1, exon 2 and intron 2 of the LPL gene in four red
sea bream groups.

Mspl Alul Hsp 92 11
Allele Allele
. Allele frequencies .
frequencies frequencies
Groups N A B N A B CcC D N A B
KORDI(F4) 21 0.70 0.30 20 0.20 0.35 0.43 0.02 21 045 0.55
Japan 21 0.71 0.29 19 0.31 011 0.58 0.00 21 021 0.79

K% x K& 27 082 018 27 022 035 037 0.06 26 040 0.60
] x J& 25 0.70 0.30 23 015 0.28 0.57 0.00 25 040 0.60
K% x J& 22 066 0.34 23 0.00 0.37 0.63 0.00 21 057 043
J# x K& 24 075 025 23 013 037 048 0.02 23 059 041
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(1) Subtracted cDNA library #12t 2 differential screening

oftel 4% B 7%

ox
Jo
2

AxE GA6H7] 98t ed® 9 18iEE B2t 45
%28 AFg3}o] subtracted cDNA library A1Z&Fdck. 67093 (6M-18M) 2 1871¥€
(18M-6M) E-o]& <l cDNA libraryE T3 (Figure 3-5-9)3}¢] differential screening3}$l
thH(Figure 3-5-10). 6M-18M % 18M-6M subtracted cDNA libraryE screening &+ 6
ANE® 2 18MEE B IH2AdA Sol¥ow wdHE Aow FAHHE cDNA
clone(6/1 €% Holz d: 11274, 18438 Solx dd:90/H) Sraiow, dd=k 2
°olZ YEUE 49719 ¢DNA clone @71A¥E #As A%, §dzx dde] A7]= oF

300-1,200bp= thFattE cDNA @] A7IAES Ed=

>

5 A S Blastn 7424 3},

troponin, tropomyosin, pyruvate kinase, NADH dehydrogenase -4 #}ol] 3 33} clone

0:

I 7)Eo] WA A ke fHAbe S E3t= cloneo]l A tH(Table 3-5-11 , Table 3-5-12).

M12345678

1,353
872
603

310

Figure 3-5-9. Results of the dark-banded rockfish(S. inermis ) skeletal muscle
subtraction according to the Suppression Subtractive Hybridization. M: X174
DNA/Haell. marker, 1: 18M-6M(subtraction), 2: Unsubtracted(18M), 3:
6M-18M(subtraction),4: Unsubtracted (6M), 5: Subtracted control skeletal muscle
cDNA, 6: Unsubtracted tester control for the control subtraction, 7. PCR control
subtracted cDNA (positive control), 8: Negative control.
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A Unsubtracted tester probe (6M) Unsubtracted driver probe (18M)
Forward-subtracted probe (6M-18M) Reverse-subtracted probe (18M-6M)
® % % ® ®

® ® % % ®
X %%
A3 A 4 ® ®
® %y *®
®
% %
® A ®

Figure 3-5-10. Differential screening results of dark-banded rockfish (S. 7inermis)

skeletal muscle subtracted cDNA libraries.
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Table 3-5-11. Putatively identified cDNA clones from the subtracted cDNA Table 3-5-12. Growth-stage related genes identified in a cDNA library

library of dark-banded rockfish, S. inermis, skeletal muscle. prepared by suppression subtract hybridization using skeletal muscle
Clone Putative identification Species Matched Subtracted S.Inermis

(Assesion no.) opecies (%) cDNA library a Ne Length Accession Best BLASThit Degree of Eoval
A-01 Unknown (CR668999) T, nigroviridis 84 6M-18M one NAme - (hp) no. s ! identity (%) vaiue
A-05 Unknown (CR735062) T. nigroviridis 82 " o unnamed protein product 26/42 (61%) §
A-06 Unknown (AY491978) S. schiegeli 8 ’ BMOSAS0 349 CAGOA268 [1eyrandon nigroviridis] 3e-06
A-07 Unknown (CR652354) T. nigroviridis 90 " unnamed protein product 88/124
A-08 Unknown (AL928875) D. rerio 9 ¢ 6MO5A3-55 390 CAF99065 ['piied Proie Boves (70%) Be-42
A-09 Unknown (CR733592) T nigroviridis 85 " o . . . .
A-13 Unknown (CR668999) T nigroviridis 8 g 6MO5A3-58 470  BAA95143 [yosin lieht chain 1 - bu9 (1) 9e28
A-17 Unknown (CR659501) T. nigroviridis 85 g cragra chajcogramma
A-21 Unknown (CR668999) 1. nigroviridis 93 ! 6MO5A3-61 465  AAH80261 Zgc:91930 [Danio rerio] 75/93 (80%)  2e-32
A-22 Unknown (AY491978) S. schlegeli 98 " ) .
A-23 Unknown (CR668999) T. nigroviridis 83 ” 6MO5SA3-66 239 AAL24504 FCEHAF{;I’; Synthﬂ'sg'lbﬁtﬂ subunit 60/76 (78%) le-23
A2 Unknown (CR675533) T nigroviridis 84 g allichthys mirabilis
A-26 Unknown (CR725263) T nigroviridis 832 ” 6MO5A3-74 371 XP_645802 hYPOthetic?ll DrOt'ein .DDB0216854 15/44 (34%) 44
A-27 Unknown (CR670801) 7. nigroviridis 86 g [Dictyostelium discoideum]
A-28 Unknown (CR668999) T. nigroviridis 85 " 6MOSA3-89 618  CAF97694 unnamed protein product 38/54 (70%) 5e-15
A-29 Unknown (CR668999) T. nigroviridis 83 . [Tetraodon nigroviridis]
A-30 Unknown (CR668999) T nigroviridis 83 " 6MOSA3-94 386 AAHG7675 Hypothetical protein MGC66097 52/68 (76%) 2e-26
A-31 Unknown (CR735062) T nigroviridis 84 . [Danio rerio]
A-34 Troponin (AF304559) S. aurata 89 ” . g - . unnamed protein product 43/44 (97%) 3e-16

6MO05A4-02 457  CAGI12938 [~ : ey
A-35 Tropomyosin (AB045645) P. argentata 94 " [Tetraodon nigroviridis]
A-36 Unknown (CR668999) T, nigroviridis 86 " 6MO5A4-06 455 AAH64309 Hypothetical protein MGC77831 217/38 (71%) 1le-07
A-37 Troponin (AY316303) P. olivaceus 9% . (Danio rerio] o ,
A-38 Pyruvate kinase (AB073361) 1. rubripes 88 ” 6MO5A4-14 302 CAGS80142 upnamgd protein product 15/44 (34%) 4.3
A-44 Unknown (CR668999) T, nigroviridis 84 . [Yarrowia lipolytica CLIBS)
A-46 Unknown (CR670801) T. nigroviridis 91 " 6MO5A4-69 392  AAGI3336 ?(l‘l'cﬁ?a}?eh dlphqspg%_te] kinase B 35/44 (19%)  Te-14
A-48 Unknown (CR668999) T, nigroviridis 83 g atllichthys mirabilis
A-51 Unknown (CR659501) T, nigroviridis 86 " 6MOSA4-71 384 CAF9821¢ unnamed protein L]I"Od'l{Ct 27/52 (51%) 8e-04
A-54 Troponin (AY316303) P. olivaceus 92 " [Tetraodon nigroviridis].
A-58 Unknown (CR668999) T, nigroviridis 83 " 1805A1-13 333 CAF95595 unnamed protein product 50/66 (75%) 9e-22
A-59 Unknown (CR675533) T nigroviridis 82 g [Tetraodon nigroviridis]
A-60 Unknown (CR670801) T nigroviridis 89 ! 1805A1-21 561  NP_571038 desmin [Danio reriol 20/26 (76%) 0081
A-64 Unknown (CR735062) T nigroviridis 83
A-66 Unknown (CR675533) T nigroviridis 81 7 B - muscle-type creatine kinase CKM2 136/145 le-77
A-67 Unknown (CR668999) T. nigroviridis 84 . IBSAL722 609 AAKSHAS [Greochromis mossambicus] (93%)
A-69 Unknown (BT009458) T. aestivum 95 7 . . “ato1n4o heat shock protein 90-alpha 53/58 (91%) 2e-24
1805A1-26 287 CAI21043 ; s

A-70 Unknown (CR716246) T, nigroviridis 83 ’ [Danio rerio
A-T2 Unknown (CR696151) T. nigroviridis 86 " R - ~on Ubiquitin fusion degradation 1-like 76/83 (91%) le-33
A-74 Unknown (AL591593) D. rerio 96 7 1805A1-30 358 AAH76020 [Danio rerio]
A-75  NADH dehydrogenase (AY522586) O. mossambicus 83 " B creatine kinase muscle isoform 2 50/77 (64%) 8e-18
A-T76 Troponin 1 (AF425744) D. rerio 93 " 1805A1-47 806 AAOZA739 [Chaenocephalus aceratus]
A-T77 Unknown (CR735062) T, nigroviridis 83 " B chaperone protein GP96 47/94 (50%) L
A-T8 Unknown (CR735062) T. nigroviridis 83 . 1805A1-53 418 AAPATISS |1y i rerio Ze-12
A-81 Unknown CR735062 T. nigroviridis 84 " calcium-transporting ATPase; fast
A-83 Unknown (AL928695) T, nigroviridis 92 ” 1805A1-84 292 CAA44737 ﬁ};eletal mulscle ]Ca*ATPaS 17/28 (60%) 0.40
A-85 Myosin (AY525077) G. aculeatus 94 ’ ana esculenta e
A-87 Unknown (BX294167) D. rerio 99 . 1805A1-90 310 AAH56290 [Fransducer of ERBEZ la 40743 (93%) 414
A-88 Unknown (CR675533) T. nigroviridis 83 "
A-90 Unknown (CR735062) T. nigroviridis 82 i 1805A2-09 284  BADG9801 cathepsin D1 [Takifugu rubripes] — 18/19 (94%) 0.004
A-92 Unknown (CR680097) T, nigroviridis 87 ”
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Table 3-5-12. (Continued)

Length  Accession Degree of Table 3-5-13. Semiquantitative RT-PCR analysis of selected genes.

. Al _
Clone Name (bp) ho. Best BLASThit’ identityX(%) E-value
PREDICTED: similar to AMP . . ~ - - ) " X )
1805A2-17 757  XP_418010 ﬁgiﬁiﬁiig 1( /(kl\l@f’oﬁggilﬁi . 39/57 (68%) 4e-15 Relative expression levels Relative expression levels
isoform M) [Gallus gallus] Clone name Clone name
oM 18MP | 30MP | 42MP 6MP 18MP | 30MP | 42MP
1805A2-22 510  AAQU4582 voltage-dependent anion channel 2 ?2{1,/34)1 6e-22
[Danio rerio] °
73/106 6MO05A3-40 +H+ + — - 18MO05A1-13 ++ +H+ ++ +
n ~-=~ creatine kinase [Ictalurus _
1805A2-69 343 AAOZTSH | cparys] (€8%) Te33 6M0SA3SS | ++ | ++ | + | o+ | [sMosat22 |+ [ e+ | e | e
N . 57/101
. Translationally controlled tumor = 2e-24 R ~ _
1805A2-74 332 AAHM9059 o M1 hie rerio] (56%) 6MO5A3-58 ians + + + 18M05A1-26 ++ + +
1805A2-84 319 AARI7084 calreticulin [Oncorhynchus mykiss] 20/27 (74%)  2e-04 6MOSA3-89 | e ) S I Rt I s I
1805A2-86 540  AAQOLL47 cat{"nepsijn [Paralabidochromis 34741 (82%) de-14 6M05A4-02 +H - - - 18M05A2-09 + =+ hans =+
chilotes
5 5 Be— 6M05A4-06 ++ ++ + — 18MO05A2-74 — ++ + +
1805A2-92 275  CAE00502 TPA: desmin [Takifugu rubripes] 42/00 (75%)  5e-14
lactate dehydrogenase-A; 81/151 26-28 6M05A4-69 hans =+ + + 18M05A2-84 + hans + -
1805A3-04 475 AAP44528 NAD-+actate oxidoreductase; (53%)
LDH-A [Chromis xanthochiral 6M05A4-71 T+ — T+ i, 18MO5A3-04 ++ +H+ ++ —
1805A3-00 279  AAU22411 conserved protein YikD [Bacillus  19/64 (29%) 56
licheniformis ATCC 14580] % For each gene, 100% corresponds to its hghest expression level in the different stages analyzed.
Relative expression levels between : 0-20%, 21-50%, 51-80% and 81-100% are indicated as —, +, ++
! Best result obtained by BLASTAX analysis using the ¢cDNA sequence as a query in the nr database at and +++, respectively.
NCBI b Growth stages

? Number of (percentage) amino acid sequence identities to the best BLAST hit in the segement compared

@ Northern hybridization

(2) Subtracted cDNA library 2 5-€] Awst 7154 FAdxte] Hd S RT-PCRZ 849 3ol clone % Z7FEAl0] Q7571 waleko] we §x4
o] t)a) A= northern hybridization®Z & IS A &A A tH(Figure 3-5-11). &d
O Semiquantitative RT-PCR oph& RT-PCR ®A7ZA7sl 27 th2 92901, cDNA clone 6MOSA4-716] 33}
Dot blot hybridization 71" < ©]-&3}4] subtracted cDNA library =€ A3k #3 = AR melte] gAgzle] udare] wrish Aol Adholat & 4 g 187499
2ol HHGAFE By 915 semiquantitative RT-PCR #4& A A8t B2t o= WA o] A, olFo AFAAdAE FdFo] FriE AHS YERAL.
AgEAd wE FASGS A fete], 6-18-30-427H9 ¥ FH A S o] &3t QM BAATE T se] HA QX e SAAZA BB EsPEA 6] o] ol
ke ok Ao Bl skl Table 3-5-132 subtracted cDNA library 248 Ak3sk 497) oF & Folth ok 424 A o] WA Fo] WO GMOSAL-14 clones] EAHE HAE o] 2 of
cDNA clone & @& Zo]7} F83 cloneo] WdUY4S semi-quantitation© & W] L& ) sho}
A8k A3 dot blot analysis® &1d 3G Aol vl clone® EA3I3. 2¥

o
i

clone northern blot #4102 WdIGFS AU S sl7|= b & AFdn= 3

AARAS mek @Y AolE wolt ALl BAA fFAAe AA ANALL B4

I
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6M 18M  30M 42M T Al Fo At BEE A, DEG60S 7+ ZA o AE wEE % dokon DEG4TLS &

6M05A4-71 Lokb S A AR FEE Q)
6MO05A3-61 1.2kb
@ Rapid Amplification cDNA ends(RACE) W 22 ¢DNA cloning
6M05A4-14 1.9kb
DEG9 g71dde <42 5 %2 3 RACES 2A|sle], 22 parvalbumin 4 A+
18MOSA1-53 2.5kb £ cloningdlil ¢cDNA A A71-LES #2493 22 (Fig.3-5-15), &2 parvalmin mRNA
18M05A2-92 1.4kb o] A7]E= 659bpel flar, 110719 ofu wiks a3t & o= F743 ). Parvalbumin
GAPDH 1.5kb & Zgpoley AgtstE Wl E 2 fast-contracting muscled] A ¥ o] MHEE Ao

. . . . . . e 2 9l th(Berchtold et al., 1987).
Figure 3-5-11. Northern blot analysis of differential expressed genes in various

growth stage of dark-banded rockfish (S. inermis) skeletal muscle. The internal
control gene GAPDH was preformed on samples.

GP 2 GP 3 GP 8 GP 1
1.8

(3) ACP-based GeneFishing™ PCRS ©] €3 7|54 #HdA &1

@D ACP-based GeneFishing™ PCR<E o] €3 DEG &1

Arbitrary ACP 1007} E screeingslo] 6701 €# 5] <2l DEG 22719 187/1¥€ 3 5o
Al 4371¢] DEGE 134 thFigure 3-5-12). ZF DEGE #7144& #X3 A
(Table 3-5-14) 57H¢] DEG7} & 719 fHAZ A= e ACPE &Aoo, 253

gol pAR FARsh A3 olFe] WA @ ARSI A,

Sample : H& 28X
1:6M
2:18M

)

@ DEG clone®] WA 2

6571¢] DEG % 67/1€% <5247 180938 &2 A7 #dF o]zt F3le 3
71 ¢l DEG(DEG14,DEG60, parvalbumin)®] %3 %48 real-time quantitative PCR ¥
Moz ol Ay DEGI49 parvalbumin F32E 28 67198 28524 So0]F
1 =78k
Atk DEG60 friztes 67193 25320 zpo]7b g
A gkkAIRE, Belo]l Ao wEl 8 FFHAM = dd o] Al tH(Figure
3-5-13). e 27 Ho|Hl e oFE5 A Hste] 2, A, v FF o)A
dHAEE 5213 A (Figure 3-5-14), DEG14%} DEG37& &% & X3tsto 7

Z7, AFzZH v FzHqME ZF W E o parvalbumin A= 52 F

il
S

© :Obtained DEGs

Figure 3-5-12. Results of ACP-based PCR for identification of differentially expressed
genes (DEGs) from two developmental stages of the dark-banded rockfish
9 BPNRS AAn A, 18AAH o] F] BHEANAE WAl F

ol

2
i
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ot
_0|L|
k
%0,
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Table 3-5-14. Identified skeletal muscle cDNA of dark-banded rock fish that ) ,
. Expression plot Expression plot
were selected in the ACP-based PCR.
DEG No. Specificity GeneBz‘mk Sequence homology search 2 2
Accession No. i 1.8
DEG1 6M AY626067 Lates calcarifer isolate UKM/01 parvalbumin mRNA 1.6
. Dicentrarchus labrax glyceraldehyde-3-phosphate 0.8 1.4
DEG2 18M AY863148 dehvd RNA QDEGH 1.2 -
ehydrogenase m 0.8 1 TDEGE0
DEG3 6M NO EST BPavalll |
DEG4 18M NO EST 0.4 0.6
Oreochromis mossambicus muscle-type creatine kinase 0.2 0.4
DEG5 18M AY034098 : 0.2
CKM2 mRNA 0
DEG6 6M AB045645 Penn?hia argent'ata mRNA fOIt tropomyosin 0 o " 00 W oM m 30M N
Paralichthys olivaceus putative fast skeletal muscle
DEG7 6M AY316303 ]
troponin mRNA . . . s
DEGS 18M CR724420 Tetraodon nigroviridis full-length cDNA Figure 3-5-13. Relative gene expression measured by quantitative RT-PCR
DEGY9 18M NO EST
DEGI10 18M NO EST
DEGII  18M NO EST 6M 18M
DEG14 6M NO EST r v T )
DEGI15 6M NO EST
DEG17 6M AY550962 Sparus aurata parvalbumin-like protein mRNA
DEG18 18M NO EST GAPDH
DEG19 18M NO EST
DEG20 18M NO EST o ' Parvalbumin
DEG23 6M AY550962 Sparus aurata parvalbumin-like protein mRNA
DEGZ5 18M AYA36787 Rhabdosargus sarba inducible heat shock protein 70 DEG60
(hsp70) mRNA
DEG27 18M NO EST DEG47
DEG28 6M NO EST
DEG29 18M NO EST
DEG30 18M NO EST DEG37
Oreochromis mossambicus muscle-type creatine kinase
DEG31 18M AY034098
CKM2 mRNA . . . . .
DEG32 6M NO EST Figure 3-5-14. Tissue-specific expression patterns of DEGs in dark—banded rock
DEG37 18M NO EST fish. M, skeletal muscle; L, liver; K, Kidney, S; spleen.
DEG38 6M AY550962 Sparus aurata parvalbumin-like protein mRNA
DEG40 18M NO EST
DEG41 18M NO EST
DEG42 6M NO EST
Sparus aurata parvalbumin-like protein  mRNA,
DEG45 6M AY550962

complete cds
DEG46 18M AB042040 Pennahia argentata mRNA for myosin light chain 1
Makaira nigricans sarcoplasmic/endoplasmic reticulum

calcium ATPase 1B mRNA

DEG47 18M MNU65229

DEG54 6M AY550962 Sparus aurata parvalbumin-like protein mRNA
DEG56 18M NO EST
DEG60 18M NO EST
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TGGCGGGCCGTCCTCGCCCTCACGCACCCCAAAGAATAAAAAAATGGCCTTCGCTGGTTT 60
M AFAGTF
61 CCTCAGTGGTACTGATATCAAAGCCGCCCTGGCTGGCTGCTCTGCTGCTGACTCCTTCAG 120
L S6GTDTIZKAALAGCSAADSTES
121 CCACAAGACCTTCTTCAAGGCATGCGGCCTGGCCAGCAAGTCCGCCGATGAGTTGAAAAA 180
HKTTFTFI KACGLASTI KT SADETLTZKHK
181 GGCCTTCGCCATCATTGACCAGGACAACAGCGCCTACATTGAGGAGGAGGAGCTCAAACT 240
AFAIIDO QDNSAYTIETETETZETLTZIKIL
241 GTTCCTGCAGAACTTCGCTGCTGGAGCCAGAGCTCTCACCGACAAGGAGACCAAGACTTT 300
FLQNTFAAGARALTU DI XKTETT KTTF
301 CCTCGCCGCTGGAGACAGCGATGGTGATGGCAAGATTGGAGTCGATGAGTTCACTGCACT 360
L AAGDSDGDG G KTIGVDETFTATL
361 TGTAAAGGCATAAATTTCCACTGACCAAGATCCACTTCTTTTCATGGAACGGAGAGCTCC 420
vV K A =
421 TTGCAAGATTCCGTAACCACCAGCTGAAAGAATATTTTTTTATATCTTATTTATGAGTTG 480

481 CCTGCGGATTATTTCTTAACATGGTACACATAATTTTACTGTGAATGTTATCCTCAGATG 540

541 TGTTAAATGTTCTGAATGACTCTTGCAAACTGTATAACACCATATGCACTTTTGAGGAAG 600

601 AGTGAAAACCAGGAATAAATACTCTTTTGGTTTAAAAGTTAAAAAAAAAAAAAAAAAAA 659

Figure 3-5-15. Complete cDNA and predicted amino acid sequencd of dark-banded
rock fish parvalbumin. The start and stop codons are bloded. The open reading
frame contains 330 residues.
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arbitrary oligonucleotide primerel <]&] HA® DNA TEHAES B4 WHoz,
DNA sequence diversity®ll 7]%3}o] genetic heterogeneity A& &3 "WHolt}h
(Welsh ¢} McClelland, 1990). &2 o Z3}:= DNA sequenceo] T3k APAAH  glo]
arbitrary sequence®] single primer S ©]83}¢] genomic DNA ZF¥%o] 75310,
RAPD W& A&stal & v 7HA3A] RAPD markerE € 3l, nucleotide polymorphism
S 18T F At Menard T, 1992). FEo 4G5S vuwEAsty] A A9 HE
W o7 T HF{FAA B2 (candidated gene approach)S A Adtom w32 o] o
e LPL A4S FEFAARZ A48t Lipoprotein lipase(LPL) A543 o

Abell 9le] F 2.3k enzyme(Nilsson-Ehle 5, 1980)2. & AWz 2 3} 5 =9 A Wit &

oo
BN

A3l LPL proteine secretion, glycosylation, catalysis, lipid2} heparin binding
of Fa3t b3t functional domaine 7FAx o™, ©]E functional domain tE
species 7toll & BFE H o] th(Wion %, 1987; Enerback %5, 1989). LPLS o] 2] Z 7] ol A
T, LPL frdae] wde A 5o%e Wyior FE Ao, dF4dH %
g akA o] whel 24 ¥ tH(Enerback 5, 1988; Cooper 5, 1989: Semenkovich %, 1989).
o] 79 LPL &AA el #3 AT zebrafish®} rainbow troutol Al o] Fold om ¢DNA
2 genomic structure®] ¥¥7F W3 A L(Arnault 5, 1996), H o= FE LPL HAA
o] AAgge] R E AT Oku 5, 2002).

AE Ay F478 EA EX A 237019 random primer® 757019 t}d DNA ©#
el AFZRE o] F MAI Wolgo] F Aor AN, Vs FHA
Aol AR ztolE Fol7] 95t o F AR 1070 4o & sfe] AR vk

stk

[‘Jlo

ol

il

=

Y olFe] HEHel B AnE FYE BPoIA BE sebastes & oF

s xvEee AREEe] Aolrt Frede SAstdrh. 2oe &gol

m
3

e

(Scorpaeniformes)2] & 23} (Scopaenidae)oll &3, Ak v Ao F Ao A&
s wEld AEolREA dAelfel G oule] AuelA Fatstar, oF 3-42U3k ofv]

o A delA 2ddAts st veurt AEstes WY SAHe 23 9ev(Shimizu

of ehe A gelTon AASL 27BN 6ALYS Al FAA olF

oA 18R BHEANA WAL A4S WmBEHnA Sk 7154 F3

A gAe 44 2AN] HFUA Soldow BANE FAAE B2, o] #
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AdEe 54 2 /% weug sgon

sebastes %] Th2 AFE WET, AL QK 7Fsd oF % dUdATE F
]_

JFE TE FEN Lo 1ML WAFAR A44SR WMol AsH, o F
ol e Pumsg 42 5L ddAem AL JFow an Ak oFel
538, oo 1A, Heol

o gL ed o8 A, ol FI} o
=

S7betal, W e HolE wa, A ow Aol mEn(RE, 1978). o F

Hd ey 2olE Yeldl= #dAE #R3l:=  differential screening S o] &

Subtractive ¢cDNA hybridization #H 3 ACP(Annealing Control Primer)-base PC

s HEsA

Subtractive ¢cDNA hybridization @& f5F 2 ddAAG T o]E Vel = 4k

ol DNAE Besed 9ol €@ gewmos 9eld drkDuguinst

1990; Hara %5, 1991). mRNA differential display(Liang 5, 1992)¢} arbitrary

PCRell ¢]3 RNA fingerprinting (Welsh %, 1992)2 @& kAto] o2 -4z}
= e sl AN o5 F W2 false positive’t Wil , B2 copy
mRNAY 4 %o 753 Wyolth(Bertioli &, 1995). ¥ APy = s %

A ¥ cDNAZ tE HeH(driver)ol A 213t cDNAZ hybridizationS

Aol @M Ee B4 A, Vleol WAA o2 fAAvE weka, B

- 251 -

il

Zo] Bl 42 1EF pyruvate kinase, NADH dehydrogenase 5 oY A Al

A FRAAEAT B AF27|GARI eEREl s 259 23/t @e] o] Fol

AL, oy A oAb = 2S5 o2 AlmEvh 191€d Sl Id fHdAelE heat

shock protein 90, chaperone protein GP 96, cathepsin, translationally control tumor

protein 59 FHA7E I, o] Aj7leE HWAgHA FHAAE EFoto] <N A

Wste] H&ol Bad fFrxse]l Ldd oz FAHo stedith VTl A A
&l

ge FaRe AAuAe B BAPES BAG Avket AdwA Sold B FA%
3

Beto]l 84 EA%S ¢ 4 Atk Subtraction library 25§ %

B3t Bojdd {FHAELS cloned] AVIMLEE 7|2RE3, sebastesE oF F WE A

FAEE AR Qe EdEEs vadd o oer st v Fo glom, &
kel B4 walma vk wlastnak sk F o) oldel Alsi mRNA Zd A

o]2 Hol= FAAE A= DEG(differentially expressed gene)E 2zHe= W<l
ACP-base PCR& ACP(Annealing Control Primer)E ©]&3lo] 3 #H# PCR(annealing
temperature, Ta=50TC )l A= target &9 primer 71 %S 3= % 3L, H] target 9 Y
L J)15S AdstA st T WA PCR(Ta=65C) Al A& H] target G oIut So]z o
2 annealingdle] BE DNAES 45 F UEF 3t& WHolrh 2 AFoAE olefst
ACPE  °]&3le] DEGE #nrsiglen, of ®yol 7]&e DD-PCR(Differential
Display-PCR)¥ t}&3d2 370 ©]4¢] anchor dT(A anchored dT, G anchored dT, C
anchored dT)E At&3te] cDNAE 370 ©]44°] sub-population®® FAgTH= Aot
% arbitary ACP9} oligo-dT ACT Z#o= PCRE Fdste] @dw ol7h A3t
PCR 2HEdt A5 4= loem 1 PCR AHES agarose gel ol 3 FASHA E2lo]
7hestthe Aolth B AolA = 100712] ACP primerE screeningste] 65712 DEGE

den, VNS EAs e

4,
o

A& AN A3 subtracted cDNA libraryel
Al FRE FARETR AR fAbst AT ddE Aelb F31g 371¢] DEG(DEGI4,
DEG38, DEG60)E 12t o & real time PCR 7|Hoz WdZF AolE A FRlIs o,
DEG14¢} DEG602 7]5°o] &EAA] & fHAel 1, DEG3RS Sparus aurata®
om, L&

parvalbumin-like proteing ¢ 2 3}stE FHAAe} 87%9] identityES ZE3L A
3w E HEEA

A AgEAGAE wdel s o
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g, =24, e

a7 A= 2 B9
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3ol e
= PAV
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a7 7}

=1
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o

As)w, Aozl

=4

A5} 3
e

&
<l

F Tl %38 parvalbumin

(<}
form?l PANa<t PAIIb7}F

—
= iso

2 K35 3T (Berchtold, 1987), Chauvigne(2005) 52 troponin,

2 A th(Focant, 2000).

B
o)
=

H, o127
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Wk transcription®] A ZFEITha Bl
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Qe)7} o
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hedaol A (Sargassum sp.)

dictyone acetate (Cystoseira myrica)

dichotenone A (Dictyota dichotoma) cyclozonarone (Dictyopteris undulata)

0]
= -
Cl
eiseniaiodide B (Eisenia bicyclis) 4'-chloroaurone (Spatoglossum variabile)

(all-Z)-henicosa-1,6,9,12,15,18-hexaene (Fucus vesicuosus)

Figure 3-6-1. Examples of bioactive natural products from brown algae
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00KH-15-BuOH-15%4qM-10%agM-rpd-p

Figure 3-6-2. Proton NMR spectrum of 00KH-12-A.
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Figure 3-6-3.

Carbon NMR spectrum
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of 00KH-12-A.
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Figure 3-6-4. Proton NMR spectrum of 00KH-12-B.
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spectrum of 00KH-12-B.

Figure 3-6-6. Proton COSY spectrum of 00KH-12-B.

- 263 - - 264 -

F1 (ppm)



\JL

U@L i

—_—

00KH-15-BuOH-15%aqM-10%agM-rp6-hsqc

Figure 3-6-7.
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Figure 3-6-8. Gradient HMBC spectrum of 00KH-12-B.
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dictyodendrin A (Dictyodendrilla verongiformis)

NH

H
AN NH
o~ o

NH,

Isoaenarol (Dysidea arenaria)

dehydrocrambine A (Monanchora sp.)

CO,Na

pyrrolosesterterpenoid (Sarcotragus sp.) 0

Figure 3-6-9. Examples of bioactive natural products from sponges.
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03CH-10-BuOH-15%aqM-rfc2-RedSd

Figure 3-6-10. Proton NMR spectrum of 03CH-10-A.
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Figure 3-6-11. Carbon NMR spectrum of 03CH-10-A.
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Figure 3-6-12. Proton COSY spectrum of 03CH-10-A.
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Figure 3-6-13. Gradient HSQC spectrum of 03CH-10-A.

- 276 -

100 90 80 70 60 50 40 30 20
F1 (ppm)

110



wdd 2 e v 5 9 L
L 1 L ] L L - L L L L
——— ——y JEE S s
A‘J T " A \5\11\5\ JQJ,\JE\.
[ j \ ﬁ [
, [
d-gdi-Tdu-T231-WbR%ST-HONG-0T~HOED
(wdd) 14
02 0e 112 08 09 0z 0e 06 00T 0TT 02T 08T 0pT 08T 097
Il L 14 L 1 1 1 P 1 i P Y PR " "
: Fet f
— - r L
STt
Lot
-
-6
g
- [ Sr——
= — s - rt ﬁF‘
o
=
[y L
- - . WI
- - Fe =
(wdd)
- o
T 18l T

2quY-pSPaY-2244-KbRXST-HONG-0T-HOE0

Figure 3-6-15. Proton NMR spectrum of 03CH-10-B.

Figure 3-6-14. Gradient HMBC spectrum of 03CH-10-A.
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Figure 3-6-16. Carbon NMR spectrum of 03CH-10-B.

- 279 -

ppm

20

40

120

IR

03CH-10-BuOH-15%agM-rfcl-rpl-rp3-cosy

Figure 3-6-17. Proton COSY spectrum of 03CH-10-B.
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Figure 3-6-18. Gradient HSQC spectrum of 03CH-10-B.
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Figure 3-6-19. Gradient HMBC spectrum of 03CH-10-B.
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(3) AHE= 99]J-69 HA=E

=1
=

M
1o

m{w

h AEe A, FrlEEe] 51

AHEEEANEHRST 99]-6)2 1999 AF%= < wvirhe] 44 20-30 melA SCUBA tf
ool okl AFEHATE ARE ANF e dAGNA =efolofo] 25 o] &t WEA|
i, A A7A g8k 25T AdA BT ARE 253 R4 dFd & o
3-4 cmo 27|12 ZAA #g 3Yr T4 Az T.‘i Al A 0?‘21‘4 Azd ’\]E*‘i
718 24 MeOH®F M.C.& #2408 AMgale] f7|&4d&

FAE 11619 gelAth o #&ES H09 n-BuOHZ WA v 6& =, n—BuOHoﬂ il
= EFEES A%EY 15% aqueous MeOH®} n-Hexaneg ©]-83Fo] A &u]3Fd ). 15%
aqueous MeOH% 2 10.16 go]il n-Hexane% -2 9.86 gol i th.

) :lo =

() FzrEad9E o] &3 HAAEe EAAl

15% aqueous MeOH% 9] 1/2& F3lo] ODS silical F2A1Zl §F reversed- phase
vacuum flash chromatography & sttt €% £vle MeOHY B9 &N (v/v)o2A]
50%, 40%, 30%, 20%, 10% aqueous MeOH=ZY-E] AJZ+sle] 100% MeOH, 100%
Acetone, 100% EtOAcE #2402 o] &3ttt ZE 8ol tste] Candida albicans
o thate] AeldAES HAAME T Ao = AoE yERH 10% aqueous MeOH=E
E&3 B diste] AL AAARE 9 &g AASAT Fe nAEHB82 g)
S 2% #H3d}e] 20% aqueous MeOHeol =91 5 SPARTAN filterE AF&3lo] &84 &
2SS AAsATYL. e &98 Cl8 reversed-phase HPLC(20% aqueous MeOH,
YMC-ODS-A column 1 cm x 25 cm, Shodex RI detector, 2.0 ml/min)& 3t HAIAE
99]-6-A<} 99]-6-BE &zl sttt

(th) 99J-6-A¢} 99]-6-B¢] 72 ZAA

E4 9J-6-Av =] FAY uAR LHAT as)dd @A 3 13C NMRel
9Jste] o] ZHo] E2p4 CyHuBrNOZ AA = At

o]l dAAl HHE niEro® sto] Edo Jjgd Fxi= 1H COSY, gradient
HSQC % gradient HMBC 59 NMR A&l oale] wexirh. &AxA A3 o] 33}t
52 Hamacanthin AZ Y3 # ) Specific rotations £33+ ZtF % Age 7]F£9
Hug g & dA3FH tH(Table 3-6-1).

13C NMR Al2d S A8 A3 o] sh3taES 1779 Ex3 gdAas ¥ ASS
gt th. 6 1581014 amide B-A9 § 54.19F § 468914 C-5 C-6 A2 gBLE T
Q5. 1H NMR¥} 13C NMRS *33te] 1H-1H COSY, HSQC, HMBC, ROESY H|
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olE]& 6-bromoindolyl-3-yl¢] F&# FZE 712 &2 <l bromoindole Hlo]E 2} v gto
24 F9 2 = Ak Amide groupel ZFFACIE H olefinic ¥47F § 158.20014 &
olE 9 ar, 36-disubstituted-5,16-dihydro-1(2H)-pyrazinone?] +Z%+= 1H NMR¥ 13C
NMR, 1H-1H COSY % ROESY H¢JlH=Z 38|45l COSY ~#HEHA § 8789
NH 4+ 6§ 4989 methine =4 2 § 4987 & 4.082] methylene 4% AZH3ta
9SS ettt Long-range C-H correlation®® H-1(NH, § 8.78)¢ C-2(C=0, §
158.1)7F A= o] i, H-5(6 4.08)2F C-3(C=N-, § 1582)7} dAF JS T<2lste,
disubstituted dihydropyrazinone T+x& s|Ad 4 ook =3 H-1%2 H-57} C-37(6
113.8)¢} Long-range correlationdltil 9lar, H-6(8 4.98)7F C-372 C-27(§ 123.9)¢} A1
9E Wila, H-2(6 840)7F C-3(6 1582)¢F Alz2d& Uik a¥EA A
dihydropyrazinone ring¥ 27§12 6-bromoindol-3-yl %7} C-39} C-60 A= A
o o 2 9o}

Z7 99]-6-Be =@ FAY uAz EoEHdu. negAE FEA s 13C NMRo
olste] o] HH ] EAAL CyHuBrNO= AA =t 99]-6-A°] NMR Hlo]E 2} H] L
3}o] 3} =S 7S dihydropyrazinonediylbisindolel S <& 4= vt &3 A A3}

ol
o] 8§ %-2 Hamacanthin B2 983tk 99]-6-A¢} th2 2 1H NMRolA RAA =
H-59% H-6) stetol$ kst A% seol tate Aot 1H COSY 9= A 6
8.782] NH(H-1) +47F § 347 % § 3.619 methylene =49 AEH st i, § 5259
methine 4% AZYstn Lo #FEATY. HMBC 2d oz H-5(6 5.25)7F C-3,
C-27 2 C-3a7¢} A4S e AL st £33 6 3619 methylene 4% C-2
I C-37 Alz2dS WAt} o] A3 2 dihydropyrazinone ringS #<1g 4= Q% C-5
o AZAHASS AT F AATH

99]-6-A: Yellow powder; [a]24D 84°(c 0.1, MeOH); IR v max 3225 br, 2925, 1672,
1585, 1437 cm-1 ; UV v max(MeOH) 219(£76500), 280(20600), 325(13300) nm; 1H and
13C NMR spectra, see Table 3-6-1 ; HRFABMS m/z 486.9605 [M+H] (calcd for
C20H15Br2N40, m/z 486.9605)

99]-6-B: Yellow powder; [a]24D 172°(c 0.1, MeOH); IR v max 3250 br, 2925, 1672,
1585, 1437 cm-1 ; UV v max(MeOH) 219(e76500), 280(20600), 325(13300) nm; 1H
NMR (CDCI3/10% CD30D) & 3.47(1H, ddd, J=12.9 and 9.5 and 1.0 Hz, H-6), 3.61(1H,
ddd, J=129 and 4.8 and 15 Hz, H-6), 525(1H, dd, J=9.5 and 4.8 Hz and 1.0, H-5),
7.13(1H, dd, J=8.6 and 1.6 Hz, H-5”), 7.28(1H, s, H-27), 7.17(1H, dd, J=8.7 and 1.6 Hz,
H-5), 7.65(1H, d, J=8.6 Hz, H-4”), 7.59(1H, d, J=1.6 Hz, H-77), 7.63(1H, d, J=1.6 Hz,
H-7), 841(1H, s, H-2/), 830(1H, d, J=8.7 Hz, H-4’); 13C NMR (CDCI3/10% CD30D)
§ 44.2(t, C-6), 53.6(d, C-5), 111.0(s, C-3), 114.1(d, C-7), 114.2(d, C-77), 114.8(s, C-3
7), 1139(s, C-67), 114.8(s, C-6/), 120.8(d, C-47), 121.4(d, C-57), 1236(d, C-27),
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123.3(d, C-5), 124.1(d, C-4"), 125.0(s, C-3a”), 125.0(s, C-3a’), 132.7(d, C-2/), 136.9(s,
C-7a), 137.2(s, C-Ta”), 157.0(s, C-3), 157.2(s, C-2); HRFABMS m/z 486.9606 [M+H]
(caled for C20H15Br2N40, m/z 486.9606)

'H-"H correlation —

NH
o N / —
13C-H correlation
Br \ Br
N
N
H

Figure 3-6-22. 1H-1H and 13C-1H correlation of 99]-6-A.
Figure 3-6-20. The structure of 99J-6-A.

H
O, N
Br
Br \
A
NH
N
H

Figure 3-6-21. The structure of 99]-6-B.
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Table 3-6-1. 13C-and 1H-NMR Data for 99]-6-A and 99J-6-B in DMSO-d6.

99J-6-A 99J-6-B
Position
130 q 130 I
1 8.78(d.1.0) 8.49(t.1.5)
2 158.1 s 1572 s
3 158.2 s 1570 s
5 541 t 4.08(dd, 16.2, 5.1) 536 d 5.25(dd, 9.5, 4.8)
4.10(dd, 16.2, 8.5)
6 46.8 d | 4.98(ddd, 85, 5.1 1.0) | 432 t 3.47(ddd, 129, 9.5, 1.0)
3.61(ddd, 12.9, 4.8, 1.5)
1’ 11.59(d, 2.7) 1162 s
2! 1333 d 8.40(d, 2.7) 1327 d 8.41(s)
3’ 111.7 s 1110 s
3a’ 1257 s 1250 s
4’ 124.8 s 8.28(d, 85) 1241 d 8.30(d, 8.7)
5’ 1239 d 7.21(dd, 85, 2.0) 1233 d 7.17(dd, 8.7, 1.6)
6’ 114.7 s 114.8 s
7 1149 d 7.62(d, 2.0) 1141 d 7.63(d, 1.6)
Ta' 1377 s 1369 s
1” 11.15(d, 2.3) 11.12(s)
2" 1252 d 7.31(d, 2.3) 1236 d 7.28(s)
3" 1138 s 1148 s
3a” 1253 s 1250 s
4" 1214 d 7.67(d, 85) 120.8 d 7.65(d, 8.6)
5" 1222 d 7.14(dd, 85, 2.0) 1214 d 7.13(dd, 86, 1.6)
6" 1154 s 1139 s
7 114.8 d 7.56(d, 2.0) 1142 d 7.59(d, 1.6)
7a" 1379 s 1372 s

2

(8}) 99]-6-ABS FAFTA e Az

Candida albicansE& Hda|Ao] =2 & &4 F2l® E2 & paper discol &FAA
A plate Yol &#E 1 30CE ZHZ incubatorel]l W2 F 24A17F Fo #EE o] A
A ® clear zoned A FS ZAH3ATE 99]-6-A9t Bi= Z+ZF Candida albicansell tha] 25

gl Al 13 mm, 25 mme] clear zones &4} T}.
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Figure 3-6-23. Proton NMR spectrum of 99]-6-A
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Figure 3-6-24. Carbon NMR spectrum of 99]-6-A
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Figure 3-6-25. Proton COSY spectrum of 99]-6-A

- 290 -

s e A

B

;;

|

A

|

“

PVt s

AS00-50.1-HbVXO1-9-086



= . - R =Fd
= - 3 s = s 3
5 | ~ .
5 1 B il
2 [ ——— 2 . o I
= = i
' S +
. . |
Z = — .
= S “ o L . e
] ' - E
= .~ ;
s 1+ L 1 5 .
. ‘" . oo ?
- o ° - e .
S T o S i
] " —— ol frym o R
— S—
- " .
= s B
i
= = 2 |
= o8 B —
RS S
3 3K .
2 sk
el % ) I
>
. PR -
] 1 S il
i
. 1 B o | ' =
2 2k —
| J - | R
a- 1 = g2 1
| s ——— i N i T
i i
S S
o | A
o S 1 £ < L of

Figure 3-6-26.
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Gradient HSQC spectrum of 99]-6-A Figure 3-6-27. Gradient HMBC spectrum of 99]-6-A
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Figure 3-6-28. ROESY spectrum of 99J-6-A. Figure 3-6-29. Proton NMR spectrum of 99]-6-B
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3-6-30. Carbon NMR spectrum of 99]-6-B.
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Figure 3-6-31. Proton COSY spectrum of 99]J-6-B.
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Figure 3-6-32. Gradient HSQC spectrum of 99]-6-B.
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Figure 3-6-33. Gradient HMBC spectrum of 99]-6-B.
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(4) WE=E 980K-179 HAE

e

O As9 A, 749 5 2 29

E Ao Alg" vl sH(AEHT 980K-17)L 1998 AELE Ak
25-30 mellA] SCUBA thol®e] 3] A=A o] Aus HAS =
W74 Gt 25T Ax WYs BAHJT AEE dFee] 2-3 cm Zol® Ad
A2 A MeOHGB 2)¢F M.C.6 ¢)E wAadoz 7+ 23] F&E3td fF718dS 949
4 s AdFFele] 4 FFES E3 n-BuOHE £ 8319 NaCly 71Ete] 84
S AATIY. n-BuOH 88 #A4SFad 4L 71522 Al n-Hexane® 15%
aqueous MeOH®| #3 & o] & 5 go H=A E23 3099 go FAHAEEE UF
Ak 15% aqueous MeOH=Z 2] ‘iF 1/56 gel da Yo B zHe=
reversed-phase vacuum flash chromatographyS 2 &3ttt 8% &&= MeOHI =
o] Egtall(v/v) o= A 50%, 40%, 30%, 20%, 10% aqueous MeOHZY-E Al =z+3le] 100%
MeOH, 100% Acetone, 100% EtOAc(ZF #3% 500 mDE A o2 o] &3t} ol
A Aoz zF £ ES 1H NMRZ =43 A3 30% aqueous MeOH(300 mg)ol A
3k o] AFiALE A o] EA7F AR AQ o zhzhe] R Fo| 3t Aspergillus nigerol U3+
PTG APAHRE o] F AR

o

of
-
—
o1
OJ

EEELEEEE R CEE SRR

15% aqueous MeOH #3F<¢ IHFEZS reversed-phase vacuum flash
chromatography & 3t a, &2 &= &AM wel 50%, 40%, 30%, 20%, 10% aqueous
MeOH, 100% MeOH, 100% Acetone, 100% EtOAcE AF-&3FAch Xt &Ao] A= A
o2 velhd 30% aqueous MeOHZT S #4573 of2, &% 9 40% aqueous MeOHol
=9l %o SepakoZ oJ#}3 & LEFES 40% aqueous MeOHS £l &uj2 3to] C18
reversed-phased HPLC(50% aqueous MeOH, YMC ODS-A 10 cm x 25 cm, RI
detector, 2.0 ml/min)2 #2]3t4] 980K-17-A¢} 980K-17-BE FA e 1A ez o
ATk

(t}) 980K-17-A%} 980K-17-Be] +x ZAA

980K-17-A%} 980K-17-B& W Ale] Fdge] 1A Fe|2 dojxrt. us|ddFEr
13C NMRell ¢&te] o] Ed9 #4242 CsHyNOL 2 AA R

oz 79 1D, 2D NMR 24 S¢ #3487 A ki
Halaminol CZ 313 A th.

IH NMRellA = 7o Z&8

[
1o
ol
o
o
[oF]
a1
=
1
[oF]
[o2]
o
O
3
_>I‘_4
T
sg
o

X

(o2
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amino alcohololl 9] down field £ & o]F %oz Aot} § 1.23% § 0.889] 4 methyl

S27b Yebgth 13C NMR 2=ERS § 12529 6 1341904 % 71¢] CH alkeneo]
e o, Aol Ao o] 23 F N9 methine B4 § 71.79F § 51.994 e
8702 methylene®} F 7H<] methyl Al2d-2 § 11.8% § 14.4914 el COSY 229
Edo A= § 2209 methylene 47} § 5.399] alkene 49} § 3.74¢] carbinol 4249}
Al2EE Wtk 284 980K-17-Ax C-50l o5 ZA%S 7HS & & AdTh

=4 980K-17-BE #Ae] FAPuARZ FEJct. aaddFEA 2 13C NMRO
osle] o] B9l A2 CISH3INOSZ ZAAF AT 980K-17-A2] NMR do] € <}
Hluste] olFAde] ARt thE A& st @ XA 23 Halaminol AR ¥9]
A,

980K-17-A: colorless oil; [al24D 1.9°(c 0.025, M.C.); 1H and 13C NMR, see Table
3-6-2; HREIMS m/z 2282329 [M+H] (calcd for C14H30NO, m/z 228.2322)

930K-17-B: colorless oil; [a]24D 1.9°(c 0.025, M.C.); 1H and 13C NMR, see Table
3-6-2; HREIMS m/z 228.2329 [M+H] (caled for C14H30NO, m/z 228.2322)

NH,

OH

Figure 3-6-34. The structure of 980K-17-A.
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NH, Table 3-6-2. 13C-and 1H-NMR Data
for 980K-17-A and 980K-17-B in

)
]

% 8
OH L
80 | . — [ 70
70 I . ~ [ 60
60 I y Ny L 50
%0 1=
Figure 3-6-35. The structure of 980K-17-B. %% n - 20
20 K 40
19 0
0 4
NH,
980K-17-A 980K-17-B
Position
/\ / IISC lH 1I§C lH
\v 1 118 q 1.23(d, 7) 17.7 1.20(d, 7)
o 2 519 q 3.29(dq, 3, 7) 51.4 3.22(dq, 3, 7)
3 717 q 3.74(dt, 3, 7) 74 3.8(dt, 3, 7)
'H-'H correlation —» 4 23t 2.20(dd, 6, 7) 12838 5.48(dd, 6, 7)
5 1252 d| 541, 7, 11) 136.8 5.82(td, 7, 11)
NH, 6 1341d  559(td, 7, 11) 34.0 1.26(td, 7, 11)
7 285 t 2.08(q, 7) 30.0 1.26(q, 7)
"N 8 307 t 1.29-1.37 29.8 1.29-151
kv 9 306 t 1.20-1.37 29.8 1.29-151
10 305 t 1.20-1.37 29.7 1.29-151
OH 11 305 t 1.29-1.37 29.4 1.29-151
12 331t 127 33 1.29
13 237 t 1.29 24 1.23
14 144 q 0.88(t, 7) 12.1 0.96(t, 7)
Figure 3-6-36. 1H-1H correlation of 980K-17-A,B.
(2}) 980K-17-ABe] &x1#&4d A3 A7}

A

arn
@21

= paper disc A& A 980K-17-A%} 980K-17-BE Aspergillus nigerol W&l 73k
TEAS YA rl. 980K-17-A%} BE 50 ugl 2 Aspergillus nigerdl e 23
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Figure 3-6-37. Proton NMR spectrum of 980K-17-A.
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Figure 3-6-38. Carbon NMR spectrum of 980K-17-A.
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Figure 3-6-39. Proton COSY spectrum of 980K-17-A.
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Figure 3-6-40. Gradient HSQC spectrum of 980K-17-A.
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Figure 3-6-41. CIGAR spectrum of 980K-17-A.
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Figure 3-6-42. Proton NMR spectrum of 980K-17-B. Figure 3-6-43. Carbon NMR spectrum of 980K-17-B.
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Proton COSY spectrum of 980K-17-B.
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Figure 3-6-45
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Figure 3-6-46. CIGAR spectrum of 980K-17-B.
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(5) 3™ 05CH-99] A=

. EEH RS h=
L 1B AEARE Adae b B4 420 08 95 4hw aTAm &
[e]

3ol oga PBoCAA AT, St 24 Hatol avla
£ 3 Fx 249S Wreksih (Table 3-6-3)
Table 3-6-3. Results of antimicrobial tests.
Strain | 0BCH |05CH |05CH |05CH | 05CH | 05CH | 05CH | 05CH | 05CH | 05CH | 05CH
1 | 3| 5 ] 9 |21 |23 |3 |3[3]|4)]42s
Aspergillus | g5 | 17 | 9 | 8 | - | 20| - | - | - | 85|90
C. albicans - - - - - - - - - - -
Aspergilluis | g5 | 175 [ 80 | 90 | - | 23 | - | 85 | 100 | 80 | 83
Bacillus cereus | 9.0 | 155 | 120 | 85 - 9.0 - - - 10.0 | 85
7 ol IR T I I I IR N I
S cerevisiae | 90 | 140 | 130 | 130 | 100 | - | - | - | - | - | 120
Cigrobagter 1 90 | 90 | 170 | 100 | - | - | - | - | - | - | -
Bl NG T I I I N I I N I
mobasleria o 1140 180 | 170 [ 90 | - | - | - | - | - | 95| 80
Pseudomonas | go |~ | 80 | 95 | - | - | 90| - | - | 80| -
E. coli + - + + + + + - + + -

woln A @l F

D W
H1 A dF BaHoldd Al 05CH-9%
2=
e

a3l
=

of tiate] FHEAES Al FEdh FE Az

FAAZX 8o FRES AAsIL ZEA A2 F methanol?} dichloromethanes =240 2
o] &3le] f7IEAS FE3 449 &ulE FTLAIZ Fol oF 1652g9 FEFES AN
+. FEES 7 nbutanol®] B S o] &3te] | Vet &4 BEES AAGA
o}, et dxske] & n-butanol® 41gE THA] n-hexane® 15% aqueous methanol®
Egow Ao wep #Este] z2tzh 128g3 21.7g8 EFES AT o]0 °F 9g¢

15% aqueous methanol &2 UtA] normal-phased vacuum flash chromatography3slte] =
Ao wet EEstth. €88l dichloromethane¥ methanol®] &3-8w(10%, 15%,
20%, 30%, 40%, 50% DCM/MeOH)®¢} 100% methanols AF&3F% 3L, 7} &4 320,
470, 500, 1570, 680, 580, 1840 mge] A|EE AT 1H NMR 2¥ Ay} ol £8 &
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20%, 30%, 40% DCM/MeOH < jelA] Fo] 23 & Hole FHFgEo] EAstE A4S &
A = AT o5 F 30% DCM/MeOH #39 E3H&ES 40% =/MeOH £3+8 o

(

reverse-phased HPLC (ODS-A)3%}e] 05CH9-A 3}3t

=
xFEE2TH 29 33HE 05CH09-ACd Histe] &
13C NMR A#@Z2 #2458 05CH09-AE 2=EF719

r&‘l ONE
l~>1:

= 6100 ppm ©]3Fe] downfieldoll 9 x3te] tha=9) °]?€§Lﬂ} 1 E FAsta dE
FdEdS A = JdArt. 28 1H NMR 2823 §6 ppm ©]38He] downfield
o @A oA A FAa AZzwRbe] YER EFbst xRt FHE dS5Ss A

)

g ATk ol A9 2-D NMR 23 5 COSY ZA¥olA F 7MY UﬂE‘E*”V} Sl
Al doS & F AR, downfielde] 7.46, 6.78 ppm Al &7} 73t correlationS
Atk olojxl HSQC A @A &ael 4 Atolo] Az gk ARE
COSY A3 AellA e = AAd A4 63.05 272 ppme] F F4
ppmdll ATE Hol= dhte] who] dZAEo] g%, 62,93, 2.22 ppme]
£ 349 ppmell AEE Hole g dZAHo] O“”L} SH HAE Exeo &
Ade " JRE AFs= HMBC AF o= Pr'kv’* Tx dig ARE AL F U/UTh
olelgt ARE Efélo}oi s}3& 03CH09-ASl Hi# T+x25 & & F AUk
03CH09-A°] Fx& v&3 23z ]Ei o] 2~ &*Pzéﬂ &zl
Halenaquinol(Sutherland et al 2001, Nakamura et al 2003)S.& ¥

Q.
‘ OH
7

(6] OH

-

o

s}9= 05CHO09-AE ol&sto] 72-24 dAATE Fds798 33

gt =
S A=At thEFe] halenaquinolS ©] &3t FEAlE WEV] Ao

Eo Fx
Ak %<1 halenaquinones thi 2R 3}7] 18] hydroquinone iL2]E benzoquinone
a2 A7 E eSS Es g

O. O.
/ Phi(OAc), /
MeOH
O O

05CH-9-A 05CH-9-A-1
(halenaquinol) (halenaquinone)
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3lgE 05CH-9-A (halenaquinol) 23 mgS 10ml round bottomed flaskel %3 5ml
MeOHel =<1 t}& (diacetoxyiodo)benzene (Andrew, 1988) 15mgS Yl oA 144]
% wdrsgrk. TLCE  RE&e] FRE 3 v FF3ta s AAEE
05CH-9-A-1 (halenaquinone) 18mg< AUt F T A&y 4& vdxF F13 o
o Ao ALg7lel FENkeS Mg oy fFEAE dil F2-24 Aol diste] o

F‘_,

TE Ty A Folt,
T2 oS 93}to] halenaqunone?l proton¥ carbon NMRS #5319l 2™ o]% carbon
NMR-2 W&o Agg s 4 AdE W TAS AFsta Ak 34dE 05CH-9-A

o] carbon NMRo|A Holx Byl §186.8¥ 1864ppme F AZ7F AM=ZE F 79
ketone 719 EAE B Fa 9o
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Figure 3-6-47. Proton NMR spectrum of 05CH-9-A.
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Figure 3-6-48. Carbon NMR spectrum of 05CH-9-A.
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Figure 3-6-49. Proton COSY spectrum of 05CH-9-A.
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Figure 3-6-51. Gradient HMBC spectrum of 05CH-9-A.
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Figure 3-6-52. Proton NMR spectrum of 05CH-9-A-1.
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Figure 3-6-53. Carbon NMR spectrum of 05CH-9-A-1.
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1. A8 2 Wy
7}. Porosira pseudodenticulata ¢ 3

Al8E 2000 129 9= AF7A 5 LolA HE A7) 20 pmel AEESHIE A
EZ APttt o] AlmE dFxo R o]FAA A FxfdAdTd HE SAAFE A

Sl FA el A w g T oIt

. Porosira pseudodenticulata®] 338 &

AEEdase] oA 2 ovAE @7 &) Fedvda FAAAAN G L o] 43t
*E‘/\]ﬁ}i’it}. ANBE TAS MEE ARE SfolE SFs fd dAFE dojx=d H
A¥ 228 B3 F8E % BX-51 (OLYMPUS, @8] 7¢ #4047 2)0
21400 1OOOHH4 ez 17 2 s stk mE AR vATE B oouAE o

[e]

7] Slske] ARE 4~58 BPL @

9 dAFH AZ(Critical point drying)E A&
71Z% A &% specimen mountso] 1%

O_u

3to] gold-palladium®. 2 & (BIO-RAD, SEM
Coating System, P5100) & FA}d#t& w7 (Philips, SEM 515; gh=raf S+ B4 =
AATFa)e2 174 3 45

t}. Porosira pseudodenticulata®) A&7 EA A3

WA QT A7) Y& AFAES ddwoll 1 L 40g8 &A1 A 43
fale mA JdES ZAH37] ¥l VAPRO 5520 (Wescor)S AH&3Fth E=a) 40l

7I7k2- w9 1000 mmolkg (34 pswoZ ZE7] 9E AdFs 9 ?}-EHE% 1010
mmol/kg & & 3}tk

WAE F 202 7 AR 33 FAS ArsAn wWAE =
(Corning)ell 40 ml® ®Fsdeom z+zh 2k (Si0y), ZAFY (NaNOs), A4+
(NoHoPOy), 18] 3 H]EF¥I(Vitaminp+Biotin) e F=7w& a]o}cﬁ A 2= ek A
2 46, 310, 575, 839 umol®] FAZ Frel ®¥gE FHx, AAAL 0.02, 3, 6, 10 mmol
o =AM wixEto g dAkd -2 04, 40, 79, 118 umolZ & vl S FATh v el =
500 ml 42 Zeb=AolA diw W dstd A8 5 mls st ¥ 43 54
AR Ao S22 & 10-AU (Turner Designs)2 74319

e
=7
HE

2}. Porosira pseudodenticulata®l A} 29494 x &4 &9l
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2. 4% 4 E9
7}. Porosira pseudodenticulata®l d 13 &4

gofgdrd FE SAATLE de FA AR @A LE Porosira

pseudodenticulataZ 233}

At} (Figure 3-7-1).
P. pseudodenticulata’= &%, &2 T Mool Ao o Mz AAH o] A}
E9H9 A4S 72 Yk F4WE 9¥oln AAL 36 - 80 umolH, FAF
(pervalvar axis)< 10 -30 umolt} (Scott and Marchant 2005). 10 um el ™5

(areolae)> 10 - 12707F daL, 9o =% Jd&57|= 2 dol7F &} (Tomas 1997).
Figure 3-7-2. ¥ P. pseudodenticulata®l 735-H (Figure 3-7-2. (a)), W% H (Figure
3-7-2. (b), &9 (Figure 3-7-2. (c)& FTAF AA} dAv|7Hd oz HJs Al7lo|t},

P. pseudodenticulata= -s+=2 Davis 71A, &5 W9 3, duAds o=
(44-69°S / 0-6°30 " E), Ross Sea?] Terra nova Bay, ‘F= F¥ 3o &3 3}1 2
&4 A} (Scott and Marchant 2005).
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fl

\}. Porosira pseudodenticulata®] i3 AZE 49

2000 129 AIFIA HF O PolA  AEEZFAE UE=RZ AR Porosira
pseudodenticulata (Hust)©= @A SAAF2 AZofFadol A vt Foloh d=ol A4
sk o] WAl el g 71EAl A A4S dolunA v MALdES
R

WA RV FE o)&ste dFAE] $EE ZEste] A ¥S W o=
om gt JAsiES Hol=X Lolr ot} (Table 3-7-1). Table 3-7-1¢] FX&2 33| 1
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AANF 71 52 22239 F7FE Bl 109 Fol, F4td ol ?J%EH—/F A}A] o
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Lol oFo] z+7h 21.8%, 17.0%, 17.4% S7tet= RS & F AR (Figure 3-7-3),
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At o] H7FE wiAel A 34.1%, 34.2% 1E]lal 372% o 224
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=2 Jdyste] Hr7belg S W FEE23Fe o] #AisE dAAS B F dAs=d (Figure Table 3-7-1. Chlorophyll a concentrations adding different amounts of each nutrient.
3-7-5), ol AFdFoAA wiFAl 1 AAY FAkd FEZAA P pseudodenticulata’t
zx%_gjxx}-a‘slp—y@—/\o] .93 oL:.l-—/\o‘ 31} 2k o] /‘\l-oni%o 0 14
Moz 44 Fa & gl 3] & ool o] 1 Fol B4t 1 day | 5 days | 10 days | 15 days | 20 days | 25 days
o #Aa eolow wolt, ¢tow AAF I AP 10-AUS o] &3 Zeed o
- - - _ - o o | 93.76 923.33 1223.94 | 1189.35 | 1146.73 | 1155.38
2743 delHE FAste] did dEDel N P. pseudodenticulata®l 3¢ ES 57 . 4 > >
s 78 o). Si 310 93.76 710.63 1007.13 | 1003.42 983.86 926.00
575 93.76 798.55 1074.25 | 1046.66 994.77 983.66
(umol) 209
. . - - 93.76 754.70 1070.13 997.25 921.68 933.00
). Porosira pseudodenticulata®) $A} 2¥Y¥=x 24 <l 339 2
0.02 93.76 815.02 922.71 895.12 846.32 871.23

N 93.76 844.67 | 117823 | 1117.90 | 1063.13 | 1010.01

93.76 803.08 | 1111.31 | 1050.57 | 960.18 935.27

F= WA WA RFQ  Porosira pseudodenticulata’t At AR 3

=4
(Antifreeze like ice-binding molecules, IBMs)S THEojW=%] #<Qlslr] 9&to] 3373+ (mmol) 6
=

3CoA Wokst H AESe QAR oS3t Helsa wFe] [BMse] 10 9376 | 77693 | 1117.08 | 1062.31 | 100095 | 979.74
Ag #AeAh 2 A 0] T2 &9 IBMsE dA43te Aoz AU (Figure 04 9376 | 731.63 | 74440 | 76705 | 777.34 | 767.05
3-7-6).9b02 A Moz 4854 AHeE BMs7t ol® Zolq o o] Folelx P 40 93.76 | 886.88 | 112943 | 1107.81 | 1086.61 | 989.83
WE ] ol Fabo]of BT} (o) 79 93.76 | 90027 | 113149 | 1117.70 | 107055 | 1011.25

118 93.76 | 87020 | 118441 | 113252 | 107405 | 103843

Limited" 93.76 713.10 | 102442 | 104646 | 1019.89 | 894.71
Enriched’ 93.76 841.79 | 110143 | 1156.20 | 1165.67 | 1143.02

Vitamin®

* days : Measuring dates.
t Limited - Vitamin in artificial sea water

¥ Enriched - Unknown-adding vitamin to artificial sea water
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(a)

Figure 3-7-1. Optical microscopic picture of P. pseudodenticulata.

(c)

Figure 3-7-2. Scanning electron micrographs (SEM) of Porosira pseudodenticulata

(Hust.). (a) upper view, (b) inner view, (c) side view
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ab7] flaiA = STkl o] A Aol Rk ket A9, 2005).

0

AFPH TG BAASY, AAAFY B &S ol §F WY TR wEskst A4
FHQl AgoR mF/EAY] BHEOR WA/ASFAHC] Abssn FERYC] RHA
Fevhebe] ool 1 AT Aslolh B AFYF TN YUHOR B8F F 9
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S FAE el Hrte] AAUTHAP R AYMAS 7] A ATAE A7
A, EHAA A A, HA AT dxet A, S 9 AA BRI §44
A ol ZAREA Hojof gt} wEtA & Ao A ST MBT) AWt
(BT)e] #A(AAR)E 1, AP &8t A% A3 ZAL MBT(ZS BT)e] =7H%4 3
AL BAT F A 2 AARFS A A

AFAEFsE “HF AE AFAel s AFAA K& AE L AuaE FFEI
el kA - T o] E(V]&)S EZ A (the processing of materials)®] % &
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AoZ o E W DNAY Ax3, stolBgEnl/ddSEA4 &
2 okl A Age o]gd u, YWY WMFo o5 TFAHLA

b EgATE B SN oo @ Ao 2 FRe ol weh gek A & ek

Marine Biology
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Figure 3-8-1. Elements of Marine Biotechnology

Table 3-8-1& 2 Uhebe] PR F ATFE FAE ATA Aden de A
W getel golg A Ao AALH(the World Banlol 8% “NEETL ¢
@ AgEstl B A7 ArRwolrh BYd 9AL FHHW AP T FMBT)

< ABEBDY BHAVeS tgow Add EAse B2 % ABAVE MR de

o =
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Table 3-8-1. Definition of Marine Biotechnology.

syl 3o A & A

Hale] S-g MBS 7)2MbRe] Aol A A David L. Nebert, A§sistqnt Direc_tor for
AAE W] Ag 088 o3 goF Eo| Algolu Research and Administration, Institute of

obs Marine Science University of
F5l 7ol M o] EA} ATy ARS X3 . :
G 2] A} A7l A Alaska-Fairbanks, Alaska

r°“
ox
OE/
ofl
o

% 7] A (marine organisme] 9T+E ¢ 5t Bert Ely, Director Institute for Biological
o] Abgolu} Arggste] HopollA 585 943 3% fr|Research and Technology, University of
71A4|1e] A South Carolina, S.C.

QB W OlEE ojate] dai= AFE AN Robert S. Jones, Director Marine Science
Q

= A Institute, University of Texas at Austin
o] A A BE =9 x2S A =7 ’ d
9l3to] At A k= 14] 88k Texas

AFE fatd froldt 2H2& Aakslr] $1% 8% f+71|Kent S. Price, Associate Dean, College of
Ao z2 Marine Studies, Lewes, Delaware

el 4 AR Vs g AEse] 28 (3 L .

oF $7]HZ e éoi‘ﬂ E_;}q g%q{%@-’; st Norman ~ R. Wainwright, ~ Director  of
= mn olal sjoF $7)Ae] AR dTE 7] ﬁ[ﬁfse;’irchh, ﬁSSOCIateS of Cape Cod, Inc.,
Zo| ALES T assachusetts

W gl AAED ANas AEas] 9 ok ,éL}\J/Lb t Chandlf)isekatran,t l;/[icroAbiol?gg
of 9= Rpeloih oS TAIEaL Qe Aol & |Laboratory, epartment o pplie
;& FROl olzte sk = 92 28 Chemistry, Cochin University of Science
=° and Technology, Kochi 682022, India

r

Saipin Chaiyanan, Department of
ajF AEste] A% BHE AdF - A4 ARE-S |Microbiology, Faculty of Science, King
A Y F1Ae] i A FHS 93 WS 7l [Mongkut's Institute of Technology Thonburi,
o
=

I 3
317 913 st} 7)) &9 Bangmod, Rasburrana Bangkok 10140,
Thailand
1579 JWM(betterment)S $3ke] 2%, Wo] @i |N.B.  Bhosle, National Institute  of
statAlEe Aaks 8] s % kTr/lxﬂ #53} Oceanography, Dona Paula, Goa-403 004,
= Fdete] i India

M.S. Andhale, Department of Microbiology,

Ag%?%? Azl el g o U5 g Government Institute of Science
Adgses =1 5 A wE o] A4S A A Nipatniranjan A'bad Caves Road’
Wsl] Ha8k 2 ow ) ,
3Fe) Aew 5 3 Aurangabad 431 004, India

Twee Hormchong, Director Institute of
~|Marine Science, Burpha  University,
B Bangsaen, Chonburi 20131, Thailand

15 Shanta Achuthankutty, National Institute of
ste] 3ok i}?;o{] o dg IOiif;anography, Dona Paula, Goa 403 004,
ndia

83 AquAas A7) Yste] Molgle di%k f71|S.T. Chang, Department of Biology, The
A, 25 AE H]_._-J BBS 385h= 3845 |Chinese University of Hong Kong, Shatin,
sto] 2g N.T., Hong Kong
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Table 3-8-1. (continued)

sl ete] A AR & EA
Ae ZA717) Qe AR BE 714, o]2]d A |Patricio Bernal Pence, Executive Director,

oA, Bl=} Aol A= o] Al O] o< AgkE] a1 AbInstituto  de  Fomento  Pesquero, Jose
o] ©A DNAZ} 22 =(manipulated) 7]%ol9 4 |Domingo  Canas 2277, Casilla 1287,
g0} 211 gl Santiago, Chile

M.L. Lizarraga—Partida, Centro de

o . - o Investigation Cientifica y de Education
OFAl o D’g} 18 %}7:] A ALzl st Foks . 2 g
Ty oy # 3 gt Hesb] AR S Superior de Ensenada, Av. Espinoza No.843,

o| A5 S A AW AL
R B B Apartado  Postal 2732, Ensenada, Baja
California, Mexico
Y e Y AseHE BESH BAl A5,
g wAb gk E%I'O}Oi) 3% g%ﬁ—} 18] 3L|Gideon Abu, Department of Microbiology,
|7] Tl Bxel Fg & A Wo| Al AlekBox 274, University of Port Harcourt,

o

H
Al 3093 oy, odke] ek whEAMY, 12 |Nigeria
I SRRl e ol 28-S Hb‘} 7l

1240] BAZ glefel s (542D Aol dhet 2]

.40

5 IBHJ X*%l’]' ek S 915k Wb EAke] ] AJ|S.O.  Emejuaiwe, Imo State  University,

T Y B A7 =R o o83 4 9+ AJP.M.B.2000, Okigwe, Imo State, Nigeria
AnpAE *l%ﬂ g (A2 Aele] s} A

Aot e Aol ot 7lest guate 53

k= A, TR Sl AR g2t 7)) Mgt

£ A7k 4 1ﬂi TR TE AE V1S 5h .

T M ;] 3] 7}; 297 g z}"J Chen  Dou, Institute  of — Oceanology,

93 w29l §L_&_4 %3} 2] 2 Fue] A= Al écademla Sinica, 7 Nan—Hal Ro?q, Qingdao,

2apA AAE ARle] 2o GES Fuely] 98 Shandong, Peoples Republic of China

G e a8 oladel dsden s w4

FAlsh= A

AYT WE FUIAREE fEE EES G2 Y, . .

13"] R %s_{ 2oz —E;Z}S’Jr AES] sjopsf Marine  Biotechnology - Investment  Act  of
m 7"/111101] gat Ae 1993-H.R. 1916

X

5 ! the World Bank
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Table 3-8-2. Development of Biotechnology.
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Ay v 78} SH-(eH A - B 7] 28ko] AY)53d Watson®t  Crickol
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AWt 71 Pleakd o 71WE, 712714, A47)73@ Cohen¥t Boyer7b 3
(Biotechnology) [& o2 & v L3

W Fea

: SR AREeAIel Azelesd vse A 4
(Biotechnology |y o1 5 514 3 strlele go) A8
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7t4e] stgH o RN AL A Aol FTIELA R o] BRI A o] ofo] wAYSEAl Hrt.

Figure 3-8-2. Increase in social welfare due to development of marine

biotechnology.

AA ] 22 IT Ao ol A ditgle] AAGAE AT 2 d 3t
i1 Qit} Table 3-8-32 109719951 ~20054) AMlA Atgdd 3 FES B
AFE FAoZ A WFlEZY A7F 9% AGES Holv v Ay EE
AR A F 20%9] w2 AAS Heolal 9l Table 3-8-4% A A A F a4t
del 4Fe =g Aoz 2010ddE AATFEI 150008 FrE 4G A
olm, 5W1H2005 ~2010) H¥r AFELS 10%5 F3T Ao Histi 3l
o,

Table 3-8-3 Growth rate by industries(1995~2005).

(k9]
BT W A HItERY 2~ Al 2 A A} 2} 3+-3-7]
22.1 9.4 9.1 6.9 3.5 1.4

Z& : DRI

Table 3-8-4. Forecast of growth rate in biotechnology industry.
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Figure 3-8-3. Per capita GDP in the world.
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Figure 3-8-4. Economic Impacts of biotechnology industry in the
United States (1999).
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Table 3-8-5. R&D budget of federal government in the United States(2000~2002).

of 2000 2001 2002
Life sciences 17,964,701 21,118,070 22,204,285
Biological(excluding environmental) 10,740,022 NA NA
Environmental biology 740,025 NA NA
Agricultural 894,956 NA NA
Medical 4,463,771 NA NA
9] A 1,125,927 NA NA
Psychology 1,626,660 1,870,795 2,075,313
Biological aspects 7,807 NA NA
Social aspects 56,401 NA NA
9 A 1,562,452 NA NA
Physical sciences 4,787,950 5,162,941 5,144,764
Environmental sciences 3,328,771 3,660,562 3,644,175
Mathematics & computer sciences 2,205,594 2,458,276 2,617,871
Engineering 6,346,381 7,090,594 7,031,485
Social sciences 1,050,312 1,216,180 1,271,044
a9 33k 1,160,181 1,258,562 1,337,971
= A 38,470,550 43,835,980 45,326,908

"

A& 1 NSF(2002)
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Figure 3-8-6. Framework for bio—-venture cluster in Boston area.
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Table 3-8-7. Research fund for scientific researches in Japan

T4 5 B oxAE A 1d o)y ARF A @4 24 By wd (290 : o)
Ad FPE g3 FEO 3§ 9]
49 #oE A% 252 2 A4 20024 0fl &t 20034 0f At 20044 0fl A 20054 0fl A
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v nSIES CIERVE] (HE ohyl [ESIERTE] (M CHl
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Table 3-8-9. Number of employees and R&D investment by sector of
biotechnology in the United Kingdom

Eof DEAHHHAA HF) | R&D FA(HRFE)
agbio 1,900(35%) 99
biodiagnostics 2,450(23%) 120
environment 770(31%) 23
human healthcare 13,600(28%) 2,250
service provider 6,400(39%) 252
technology service provider 730(17%) 54
Al 25,850 2,798
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Table 3-8-11. Budget of master plan for biotechnology support.
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Table 3-8-12. Actual budget of MOMAF for marine biotechnology.
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Figure 3-8-7. Technology development strategy of new marine
products with added functions.
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1. Bacillus alveayuensis sp. nov., a thermophilic bacterium isolated from deep-sea
sediments of the Ayu Trough

2. Photobacterium frigidiphilum sp. nov., a psychrophilic, lipolytic bacterium isolated
from deep-sea sediments of Edison Seamount

3. Dissemination of Transferable AmpC-type Beta-lactamase (CMY-10) in a Korean
Hospital

4. Phylogenetic Analysis of Harmful Algal Blooming (HAB)-causing Dinoflagellates
Along the Korean Coasts Based on SSU rRNA gene

5. Monitoring of microorganisms added into oil-contaminated microenvironments by
terminal-restriction fragment length polymorphism (T-RFLP) analysis

6. Cloning, expression, and characterization of an aminopeptidase P from the
hyperthermophilic Archaeon archaeon 7hermococcus sp. NA1

7. Cloning, expression, and characterization of a DNA ligase from the
hyperthermophilic archaeon 7hermococcus sp. NAL.

8. Overexpression and characterization of a carboxypeptidase from the
hyperthermophilic archaeon 7hermococcus sp. NA1

9. Flavobacterium antarticum sp. nov., a novel psychrotolerant bacterium isolated from
the Antartic

10. Photobacterium aplysiae sp. nov., a lipolytic marine bacterium isolated from eggs
of the sea hare Aplysia kurodai

11. Molecular phylogenies and Divergence times of sea urchin species of
Strongylocentrotidae, Echinoida

12. Molecular phylogeny and divergence time of the Antarctic sea urchin (Sterechinus
neumayeri) in relation to the South American sea urchins

13. New Sesterterpene Sulfates from the Sponge Darwinella australensis

14. New Sesterterpenes from the Antarctic sponge Suberites sp.

15. New Macrolides from the Sponge Chondrosia corticata

16. New Sesterterpenes from the Sponge Smenospongia sp.

17. Cyclic Peptides of the Nocardamine Class from a Marine-Derived Bacterium of
the Genus Streptomyces

18. Chromenes from the Brown Alga Sargassum siliquastrum (no acknowledgement)

19. The 2-aminogluconate isomer of Rhizobium sin-1 lipid A can antagonize TNF-a
production induced by enteric LPS
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20. Reduction of freeze-thaw-induced hemolysis of red blood cells by an algal
ice-binding protein

21. Xanthophylls in Microalgae: From Biosynthesis to Biotechnological Mass
Production and Application

22.  Purification and characterization of an  anionic  isoperoxidase  from
scented—-geranium callus

23. Up-regulation of photoprotection and PSII-repair gene expression by irradiance in

the unicellular green alga Dunaliella salina

1}. SCIE =%

1. Molecular characterization of TEM-type B-lactamases identified in cold-seep
sediments of Edison Seamount (South of Lihir Island, Popua New Guinea)

2. Freezing seawater for the long-term storage of bacterial cells for microscopic
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AQRDEH2D A7) gold ABAN F4 ARWAZA BF THAHA
BelAA L F2ARE BE $83, LIAAAN 478 9% A wADE AN
A4 Fa% QA4 BARAolTh B ATAAE AL FAA A8 27 7}
540 % e AUFBERY AYBNEAL EHHow P, AAsd 1 A
Ae A9 FFo FE-TAN) FRHBAE ATHE 7|2E FPh

m. d770Ee g % B9

1) ¥ FAT LA FoAste T F2 ALY AFHE A=R2RH /7E
2L FE

2) 28 RVIEREC dsto 29, £8, 9IY a=vzady A3E AA A9
g4 EAS £, BA.

3) AAE A= et EFARY FTFA AHH} frlREl gA, A% 7=
g ZA.

4) FRAIBH} TFoE HAEY LGNS HA.

5) 8H AF AAES o= WA A= AYEAY FEAE FA.

V. 7422534 R &8 88 79

Guam W& HIYEATLAAN TAF I3 H Pellina & A8 F2EL WY
2 AYEAHEE FAFT 2H 1F9 MELE pyridoacridined 33Eo] EFH 7=
g FEFHoz wHddey 4349 HFNETA S8 AL HAFUS. °
}FgEL FFY ZATZE E44 I 4AF F2EY, F=AY F4 € 2o o
¥ AL ANAF w AELY AYGH NEE A% A=E4E 289 7}
sS40l W w03 AR,

SUMMARY

o
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In the research of marine natural products for industrial development,
chemical investigation of metabolites, which includes the isolation and
structure determination of bioactive compounds, is one of the most preliminary
and essential parts for advanced and/or applied research.

In this study, a new nitrogenous salt of the pyridoacridine alkaloids was
isolated from the tropical sponge Pellina sp. using various chromatographic
methods. The structures of novel compounds were mostly defined by combined
spectral analyses. The preliminary bioactivity test showed potent activity of
this compound. With the aid of crystallographic analysis, advanced bioassay,
and derivative synthesis, the isolated metabolite will have potential to be

developed as a new lead for industrial development.
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ZRE $4 9,000 me] AsAAME A
1 #jAolo] Baikal 39 22 U529
2] 3] 5| W 7 (Calcacea)
(Demospongiae) 114%
A &H 0w wAH o
2}, personal commun.).

qHETES 1

e

’3lskal Qlth (Table 7-1-1).

&4 el (chemical ecology)® k&
A THPaul, 1987; Pawlik, 1993; Proksch, 2002).
Table 7-1-1614 Lbeby vhsl 7o) aws

58 Aoz wl§ thdste] lipids, polyketides, terpenoids, steroids, amino

w8 o] o] 73

& ool HaHd

linear and cyclic peptides. polycyclic heteroaromatics,

biogenetic products 5 EE A3AAA 7dA v FEH

= (phylum)-"l] "3%01 ol g A thest

oz
oft
=
all
s
e
[z
[l
il
fz
2
AN

t} (Ireland, et al, 1988; Attaway & Zaborsky, 1993).

Table 7-1-1. Phyletic distribution of marine natural products - recent trend.

Organisns Number of Number of )
Metabolites® % Publications” %

Microbes (bacteria and fungi) 694 5.5 174 6.4
"Algae’ (include cyanobacteria) 2,272 18.1 366 13.3
Bryozoans 167 1.3 28 1.0
Coelenterates 2,283 18.2 442 16.2
Echinoderms 729 5.8 123 4.5
Molluscs 909 7.2 193 7.1
Sponges 4,677 37.2 1,222 44.7
Tunicates 845 6.7 184 6.7

Total 12,573 100.0 2,734 100.0

areported in the period of 1977-2000. Compiled from Faulkner, D. J. (2002) and
references cited therein.
breported in the period of 1991-2002.12. Compiled from Chemical Abstracts 1187137

(Shin, personal commun.).

AvbAl AEe] kel @A thek AshetA A gl AuEe ol XS B
ZhashAl s el HAEel AT AFAC g oE-S of7|AlZlvh(Haslam, 1986;
Giner, 1993; Garson, 1993). 3l
HAdel s=Hol AL J =tk & g d=ZA ZEd DSP o toxindd
okadaic acid® dW  Halichondria okadai oA As FEIJY HAAZE
dinoflagellate Prorocentrum lima2l WAl E2d o] 5+ ¥ A th(Faulkner, 1996). T3+ 3

we  ge Ao v FA A E(epiphytes)®lYt  microalgae, eubacteria,

MERE FYAESL 72 HASEE o5 tAEHo]

N
N
ol

o)«
oA
=
o
B

cyanobacteria, fungis< Aol vtEFoz HF3F o= Z(Aplysina cavernicolad] 7

= 27 H3]9] 38%7} bacteria, Bergquist & Wells, 1983) %% & 2o s|He 1-f
g gAMEAAA] FAEE PAE 52 uAZFY dAl BHA7MY Pl ook i
Aol oz 7Hd AF7E wol W diHe AF<l Dysidead o H$E KW terpenoids,

il
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chlorinated diketopiperazines, diphenyl ethers% A§tA 2oz ##Ho] Ad ¢l 7|9=
Mz Aoldt BEAES A BHisa Jded o8 TolA Hid Ad¥ HAELS FA
st B AEA 9dte] FAHE AR FHHI dow FALE HIHI 9]

(Unson & Faulkner, 1993; Faulkner, 1997). 3%t Theonella swinhoei®

macrolides®} cyclic peptidest &5 3didol <5t A=A Ygxu Zz)

2
e,
]
ro,

oft
ox
o,
o
i

o
ox
e

unicellular heterotrophic bacteria®} filamentous heterotrophic bacteria®l <] 3}
Atalo]l Brel ATt (Bewley, et al, 1996). ole]gh e Zetato] A& E4&
AHonREH o5 MAES &y, WEFstd A9H A7 =2 AEAe o
g AlETE HZo HAAL Fa AFHAE ATNE FAoR wfg e
Atk 2 5o duFor gAYt o] £HT o5 Hd
Aike] olEgow 2l
RN AR AHE A E Rekal ATHHIlL, personal commun.).

JHTEY HAES E49 FHERE Buk ofyet AT S YEUE Hl&E o
el R AFAE datEdol nlste] gesiA ol FAl, FX oA, Fupoly 2
A, EaAHA, AAATA, AAAAA T Aate] oofFor o NLFA AFHNAE
o sHfHe] Edo] tg XFHo] glrh AA AU HAERA 5sE F551
Ardste] ks Aol BAE I AW A Aol WAyF AT xS dF 4
WA Halichondria okadai®t Lissodendryx 40 2% € g9 3¢E 2 halichondrin B,

Luftiriella £ 258 229 29, I%EE4 manoalide, Topsentia 49| &8¢ A29E&4
20
20
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o =
ol
)

of
o
22
o
Lo

X
™
0(3)1_‘14
)
k!

Q135}e] beta-carbolineZl % $1E manzaminesE A9 slalE & A 714

topsentins, Xestospongia exigua=%-¥ #2]¥ %% 2 halenaquinone, Jaspis
B EolgdA, &U4E4 jaspamide, Discodermia dissolutaZ%-8 dolx &t &+
9 H oA =2 discodermolide, Hymeniacidon 49 HEAA = A
debromohymenialdisin, 7heonella %2 FZ W EZ cyclotheonamides 5°] 9 %&A
9 th(de Silva and Scheuer, 1980; Hirata and Uemura, 1986; Bartik, et al, 1987;
Zabriskie, et al, 1986; Crews, et al, 1986; Gunasekera, et al, 1991; Pettit, et al, 1993;
Fusetani, et al, 1990; Faulkner, 1997). o|£¢] FstE Aslsl= 714 & 8919 4=
Aol dFAe] olE S dAsty] AT =] o w=e NCI®H New Zealndl
NIWAE ¥% 2.2 halichondrinsE& A4tsh=  dlW Lissodendryx?] Y& 3E A =3}
o] Agd Ais AF drh. (Suffness & Thompson, 1988; Munro, personal
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acyclovir, AZT % modified nucleosides?] A& &AEZ2] Jito] 1950dt) F-utk
Caribbean Sea?] sjWozZRE FEHH FWY AESAHEZ ara-T(spongothimidine) 2}
ara-U(spongouridine)oll 7] 93t vl AR ol th(Rinehart, 1988). 4713 22& ¥3
e o7 HuG AokE THEAS Zox HAAR 1 A= AGse HEet=
AL A& Lo 2o stdete o]5e] Kol pxet Y g 9 553
A 712 o ekFolvt Ve A A9 el 4H ARE Bo] o] &1

Atk dEZ Verongida®=< 3|HelA Y%= psammapling B 538 bromotyrosineZl
=22 histone deacetylase (HDAc) A3 &A S o] &3k AlejekEo] /utS 93 LA =A
combinatorial chemistry®] AA 2 F843tx2 o+ (Nicholas, et al, 2002;Nicolaou, et al,
2001a, 2001b). AFHF A JHEe] SR ofe} o5 A WA {71474, st

o

=
s, Ag71ske, o - okeh A% - AU 5 oY @uRep] sz W ggATel DA

0

A AR} AFFdS AFstel HFd 7ol E sto] gon oY AT UHAE W=

o& S o] APt (Fautin, 1988; Narahashi, 1988; Paul 1988; Pawlik, 1993;

Taylor, et al, 1988).

AAEES HAEL 5000
2

Fe A S5 YUBHOE Al oA /7 AFA

q— -
A% ATe AAHQ AT AAGL gow Ay DURop] Aol mAE JF ®

3 A sich ool @A AW F SH(biotechnology), +713F8(combinatorial chemistry),
G438 (aquaculture) & TFES SHANA ALH A = W AAE] diF ALk
FAE A 49 i SYHAE B olyE §4S ¥ A HAE e

©
o
2
ro,
o)
il
)
X
et
Sl
o
ftl
)
=)
i
v

AEHeR dAAfe 28 vl APV fFdAE ATE F

-y
Auel BY QTE Ay HEEAY BEFH P FUe A4 ATres
El °
2. 3| Pellina sp.8] BHTAHEA

7b AT WA - AFFEY pyridoacridines

Anthracene®| 7}&dl aiglel] 923 F gtAadar Fo] siyrt dAZ X3E oY

A= 338 (heteroaromatic) & acridineo]@tz REU. YT EY HAAEE=

acridines 7| 2F Ao & & of 7] pyridine®] Bl&o FAHHE 4518 F2 56 F i
g 3= 3gtEo] w2 vy =t o] ES pyridoacridineZ alkaloids@ti &t} ol &
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2 oJEle] oA thArE o] & HFo MEA F2 WAFH =Y vEle EoldiA suE
E3 FAYA (colonial tunicates) e F F7F9 &43] o2 AEFLORREH A5 @
A9 wyk ofyE FRAA FARE AA kol I AFAA vIdel dig ool Hi=

(Faulkner, 2002; Munro et al, 2004).

AFEE Fale pyridoacridinests E3FR =7 w31 A ESA, &, dujolg
2ZAA 5 g AYEAdE Yebdt (Molinski, 1993; Ding et al, 1999). rﬂraw
ol 59 A7 Wi we ATt o]Fojx L JdH 53 FHAEEA) o

g Agvh JpE st dAAA HER obviREE dgEA dRES DNA
intercalation®] Y} nucleic acid intercalation®l FZ 7|QlstE o7} @wouy wEE
topoisomerase IIo] ZAgsle] TAEAHES FI7AIIE Zgo 7|3 vl= =3
(McDonald et al, 1994; Delfourne et al, 2001). AAE3}8% ZFHAA o5 FrUAt
F7F Aol 71908 NMR £419] ojfd o2 AL AANHAA F27} o] o] F=AF
o7F WFu Wol x-A ZAEA AR oJsfAute] s}atA Fxrt e Y=
7h dykAelty ey o594 Hold AedAd A dA el AAT EAkA ot
7] Agdel BAe] wlg- #Ha HAY F&o] =2 T frrIstEy wiel o g
o] ofeto]l HAE Hrh AN Lolste] HAES AP MLES AT FEd Ax=Ed
(lead compounds)® A A7} wj§- &3t} (Delfourne & Bastide, 2003).
o] £ pyridoacridineAl 2] HEHQ EHES AGA AT EoA EEH BHEH
B Auud WA WS E  Amphimedon sp.EHE E2]¥ amphimedined 73k 3o+
&35 YeRYAT (Schmitz et al, 1983). o] 79 %+ 13C-13C coupling constant
o] #Ao® qrHEdon 37kA v ARZ HAFPA HAsd 2F7F Ad 8 steps ©]
st #e AAHS Ao F&E vl§ =Y (521%) (Echavarren & Stille, 1988;
Prager & Tsopelas, 1989). Zgl® &lolA ARAH W Xestospongia sp.oF
Xestospongia cf. carbonaria®z%-€ ®| % neoamphimedine% Ef52 topoisomerase II
o A&S wafste ZadHow DNAS 1#|sts fxdts Aol Ha At (de Guzman
et al, 1999). ¥kdol] FUI AlFolA EaH deoxyamphlmedlne"] A¢e g4
A2 ZFA A DNAS £4& 7| 71E 2o BuE ol (Tasdemir et al, 2001).
Dercitin2 Al afjol A]2]&t= 1™ Dercitus sp.Z5E dojz wepAle] S22 g
%, dnfolg]a, WAZA (iImmunomodulation) 52 ZIE UERN oW o5 FoA
E BEA¥AME d=9U (Gunawardana et al, 1988). ©] 3}3&E9 +x%
2tz o] Mo AAFA oY ol thiazol F&9] Haet 3o A7 v 3
o7 FAFEACE Dercitin® tEo] Aozl 63318 3FFE cyclodercitin® T+F A

NMR #2 FZ4 ez gHsHAdey L3 thiazole FEZ FAHFAT

o,
i,

04
o
P

@ do

i)
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(Gunawardana et al, 1988). A3alollA NHE Steletta sp.ZFEl dercitin®] F=AE<!
nordercitin, dercitamine, dercitamide S°] ¥ F A=W ©olEL2 EF in vitro A FelA
A E e 54S e tHGunawardana et al, 1989). o] £ EF Fojo] AR
vlAlolell Al AFE wEA tunicates} ©1F XA eE AAEE Chelynotus semperiol Al
o€ kuanoniamines A-D¢F frAMg x5 2E3 9l o™ kuanoniamines®to] #3A R
vjae]  ofste] I A4 AV AAHASW o] FHAoA dercitamide™
kuanoniamine C¢} T ¥¢3 EZ o] =W tH(Carroll et al, 1990; Gunawardana et al,
1992). Stelletta sp.2l s L3 A 5oA EelE stellettamine= kuanoniamineZ] Gol <3k
t}. o] ¥l tunicate Cystodytes sp.Z5-E w2l dolZ dehydrokuanoniamine B 2 W]
Az Aot A ANHE Oceanapia sp.ol AE&A HAEE EF kuanoniamine 2 %
A Eolt} (McDonald et al, 1994; Eder, et al, 1998)

Fye) B ol M2t SlW Petrosia sp.EHE AojZ petrosamine?] T-FE= x4l
ARTEEN R A o sFEL Euld wet x4 (THE)A A A+ (H0)
2 e 540l th(Molinski et al, 1983). ol &3 gkl AFPA A
Oceanapia sp. o FZHN O 2XE petrosamine ¥ 22 &l AAH3lE Yelhes
acridine alkaloid7} 2] &o] ®EFAs Aol <3t petrosamine®} AR FE9
alkaloidal salt®o] A<= A3 petrosamine BE W= ich A& A4z o 35
& YAYS Ao Helicobacter pylori® AW FTL&A2 ASD (aspartyl
semialdehyde dehydrogenase)®] #-8-& <Algto] B ¥ At} (Carroll et al, 2005).

Tunicatesol A &2l % polycyclic heteroaromatics & oA WA THAH S Ao H
Bkl ANRE Leptoclinides sp.Z5E ¥El¥ 2-bromoleptoclinidinone®] th(Bloor &
Schmitz, 1987; de Guzman & Schmitz, 1989). 5% 8] 3}gE<Q o] HAE Fx+=
long-range H-C coupling®ll ¢]&}e] AA|=H Ao o] 5o 3}8t4 FAskukg o] st
ascidideminin®] H.&3 FE=AZ FAHATE  Ascididemnine 71yl A] A H
Didemnum sp. 258 #2Fom 73k k28-S vel = o] E42 quinoline-5,3-
quinone & Z5HE 4 steps Yol dgA o] A T3 cH(Kobayashi et al, 1988; Bracher,
1989). o] ¥l % ascididemnin 2 FAHAIES T FHoR FAo] HALH in vivo
A g AAMARE 9IHs] BaH At (Defourne & Bastide 2003). =&k A AW &
A7) Al oJste] o] ggtEe Fg#go] s DNA  intercalation©] U
topoisomerase II2] A&7} o} 2} thiol-dependent reductive DNA cleavage®l 7]<l3d}+=
Aol At (Matsumoto et al, 2000). AFalNA ANFE tunicate Cystodytes delle

iih

o

chiajei2 ¥ ascididemnin¥} A}3  phenanthroline®] &3 4-aminopyridine
moiety7} BE¥ 5% 18 33E cystodamineo] EFHRow wEW gz i 24
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o] H31%3At} (Bontemps et al, 1994). 23t} o] AAELS Ao <9ste] naue +
Z7} oAlE o HEdzigel zlaf|Ale] ¢sle] 11-hydroxy-ascididemnin® 2 4% %l
t} (Kitahara et al, 1998; Delfourne et al, 2000).

Guamol A NP E Trididemnum sp.Z5€ #2]%¥ shermilamine A2l TF+= x-4l
ARFEEA 9dte] s FHEHATT Debromoshermilamine Ay %
Trididemnum sp.Z%E €0]Z shermilamine Bo} U3 E&@o] FFelyo] F o
Z853 dvh(Cooray et al, 1988). o]F HAIe EZAQJ shermilamines C-E %
cycloshermilamine®] Cystodytes violatincus®%5-¥ ¥ A0 BF AEZAS g
W #FAo] €93 shermilamine DE 537} 5E5 Y (Koren-Goldshlager et al,
1998; ibid 2000; Kashman et al, 1999). o] 52| M¥E 549 #o]i= DNA intercalating

go] zolo] 7|t Aoz FAHHAU. o]F FAFS E#<Q shermilamines C-E %

olr

cycloshermilamine®] Cystodytes violatincus®%5-€ 2= A+=d BF AEZAS e
i &Ao] €€ shermilamine DE 5317F 5533t (Koren-Goldshlager et al,
1998; ibid 2000; Kashman et al, 1999). o]E52] A X542 Z}o]i= DNA intercalating ‘&
g o] Aolo] 7]1QdtE Ao FH P} Shermilamine¥ FxH o2 Fdo] e AE9
alkaloidsQ]  segoline A, segoline B, isosegoline A, norsegoline, eilatin,
debromoshermilamine A §°] Sl&o} 3ol HH Y Eudistoma sp.ZHE & = Ach
(Rudi et al; 1988; ibid 1988; Rudi & Kashman, 1989). o]5 ol A4 segoline A%} eilatin
< x4 ARFEREH R Fxrt B e AAEL oj53e E3AE vl
ol ato] Aol ¥ et

18] alkaloids cystodytins A-C
T R ZEe gFSERE vERATh o5 I Fxe= 3 AR FHA B4

o ¢sto] T+ = th(Kobayashi et al, 1988). Varamines A®t B Lissoclinim vareau

ﬁ
o

2.
o

2
a

S
S
3
15}

QA
D

T
E‘,
~.
I}
I
1t
k)
A
e
i
S
ofy

ZRE dojzl ForEdolt}(Molinski & Ireland, 1989). ©o]E9 F+xZAAL R gdole
o 2A = A=

F2o| r]3}e] varamine AE 483} iminoquinonel 2 W 3}A] 7]
o] iminoquinone ©] ¥ diplamine®] 2t ©|E S 2 Diplosoma sp.E5-EH ¥ drh
(Charyulu et al, 1989).

Tunicate Amphicarpa meridiana®%¥ ®d% 551 3l 3tE  meridine¥}
11-hydroxyascididemnin 7Z23g ¢k 2 X 45 2t Aoz Byt
(Schmitz, et al, 1991; McCarthy et al, 1992; Longly, et al, 1993). Meridine& ¥ o]o] 3f
W Corticium sp. 25-EH% 27% v} dH(McCarthy et al, 1992). % 9] meridine®] +

o] 9% hydroxypyridineS W3lA1Z1 25% 9]
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%23 oJoF MEEA utzo JAEE HolFE vl 9tk (Delfourne et al, 2001).
npakold A= ZajolA AHE Cystodytes sp.EHE H2 ¥ arnoamines A9t B
pyridoacridine®l 5Z+& 9] pyrroleo] Astd 3FEZA o]# 3 @A FAH EHAZE HE
Z 2AE o o]t} (Plubrukan & Davidson, 1998). ©] &€ topoisomerase I1Io] th3ak #3j
e 7Nz AESHZES zha lom AFgPder Fx7t FHEUAT (Delfourne et al,
2000). o= ulAlelell A aHFE  tunicate  Eusynstyela latericius®=Y%-E  Ezl®
styelsamines & AXE digte T AR S ZE ZeE HuFgoew
biomimetic &4 0.2 FZ7F dZFH At (Copp et al, 1998; Skyler & Heathcock, 2001).
AAsEY dNTES A v A FE=dA acridine alkaloid7} 2A¥ o &=

Aol Qo HuH AL F&E o]E5L ELA 3 prosobranchH 9 A FEoA oA
9

td

1

Al A2 A= 194030 HvZ (sea anemone) Calliactes parasitica
ZRE B9 AMAEA calliactineo|tt (Lederer et al, 1940). o] &4 Fx+= o}z g
3

A3 Ao AL oy 3 HolH % 583 £ 9 dto] acridine alkaloid® A|A]
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LI LI
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H
R R

dehydrokuanoniamine B (R = NHCOCH=CMe,)

kuanoniamines B(R = NHCOCH,CHMe,),
and a derivative from Oceanapia sp.(R = NH,)

C (R = NHCOE) and D (R = NHCOMe)

Figure 7-1-1. Pyridoacridine alkaloids from marine invertebrates.
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2-bromoleptoclinidinone (R = Br)
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HO B:R= _~~_NHCOMe
I N I

C:R= CHO
R ‘

Rz A~ NH

Figure 7-1-1. Continued.
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MeO ! _ l
MeS N
H

NHCOR

varamines A (R = Et)
and B (R =Me)

arnoamines A (R = H)
and B (R =Me)

calliactine

Y. AAESY 29 % 7=Z2A4

B ATE 93 A8 Pellina sp. (NEHE VIP-14)E= ZATFTATE S ¢
= "=%d Guam® Guam W& Marine Laboratory®] Valerie J. Paul 347} 19994
Guam#l ®] Western Shoal <AtellA A3 AP Aom Fger WEste] Marine
Laboratoryoll A &4 AZx3sle] Rastd S 200130 &F9-43F Ao},

53 A8 dsle] F=, 3, HP20 adsorption chromatography, Sephadex
LH-20 gel-permeation chromatography, ODS HPLC % o] I ZvlE2#dy IHS A
% compound 1S =#Me] FAY A ez . o] =2 dA7A 3
Az wA el AR st @dd FxAA] o|FolAA Radenm H Fo TMed
SR AAE Feolth e FRAAS A TFAQA FEd x-Hd AR
EAE 9 274 FAo] ATt dAZAY Fx24 JPL4FLe o 2ok

Compound 1 &9 FAo] g wol tFiEe] F7]&uo] didt S=rt a4
%ol NMR #4]& DMSO-d6o1 A #atgitt. o] 3gtE2] 13C NMR A=l A 19719] A]
o] velyk=d due] carbonyl B4 (6§ 178.4)9F upfieldol ¢ A8k 3}1}2] methyl &
2 (8378)5 A&s BE €49 chemical shifts7} § 160-990] ¥ xshe 2o & Hol o
249 F¥ FAo| aromatic rings¢le] =#wth 13C NMR ~#HE#3 4¢84 1H
NMR & EHANME § 360 (3H, s)oll Yebd sfufe] Al2ds A3 BE 937t 6
9.3-76 ol uElEtt o]# 3 downfield Ald EF7F J=6-9 Hz9 doublet &
double-doublet®] HElzZ YEeEbd A& compound 1°] WaZF 3stEoldl= ARA S A|A
stE Fa% AR ALGHAL

HSQC ~#HEHA 3§Eo] EAss BE F49 o8 F425 7MW &@23t9
direct H-C correlation®] ™3] =gyltt o] JRE ugre @ 1H COSY ~HEH
g Az § 836, 806, 797, 898 X 4o Farl A dAAd
ortho—disubstituted phenyl 719 &A47} =&jwkcl 28l § 9.26 ¥ 9.01°] YA 3 F <+
2 2§ 8359 766 9 a7t A AAF] gleo] wE AT HMBC A EZ A=
long-range correlationsol ¢J3te] #7]3F ortho-disubstituted phenyl ring< o] %+
A 5T kAo QX7 d 1447 2 122322 A AGH A (Figure 7-1-2).

3 | § 147.2, 136.8, 117591 A3 A 7§¢] quaternary ©A5L2 5 § 9.26 I
9.01° Yetdt =425 T sy Z 259 long-range correlationsS UEF O] o] & o]
3tube] H-C spin systeme o] FiL 9o =ejyth 53] § 14729 &4+ § 9269
29} correlations Ho]F = olE ©A9 vrS chemical shift (§ 9.269] 47} A3

A wao) 9AE HSQC 27 EQelA § 15012 AA)E o5 Atolo] alie] A

BN
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7} 243t AFA F o] Eo] 1.2 3-trisubstituted pyridined] HE¥ETZE o]

il
F2S ==8jiele}. o] pyridine®t #7138k benzene ring¥e] J4dL F FEFZA 91X

>~

¥ o

7669 ¥ F429 3y F& BEF9 long-range correlationse ©]Fo] o]Eo] AR AA
Hol I HAFUY. 53] H-C correlations ZdolA vFFR1 Qe F &2 §
15859k 146.1 (6 8.359 F4&7F H3he w©4)9 WS chemical shiftsi= ©lE& Abole] A
2 F4HE hetero atomo] $x38te] &1te pyridine L#E o] Fi S Yv]|sA T
o] pyridine?] C-3° P33l & 14829 quaternary &49] w2 chemical shift= v
o] o] &40 OH 3& NH2 53 2 electron withdrawing groupe] A& =o] o1& A
o7 FAFULY. Aoz § 3600 YERF methyl 4% pyridine®] C-1 % C-59
sl § 146.1, 1585 ¢ EFAE3 long-range correlations® e o] §USHA
7hes3t A9 A<l pyridinee] Ao HEgwH Aoz AT o] S A A= H
23l S7E NOESY A #olA § 3.602 methyl proton®} § 8359 H-1 Ale]o] jejyt
spatial proximity ©]1t}. ©]9} o] o] pyridines 3-substituted-N-methyl- pyridinium
o dor FAHUT v § 15859 waek § 14829 ®h A #E7|7F HuH
2-substituted-N-methyl-pyridinium¢] 7}sAl®= 9A3 #Ad = ¢ltd (Figure
7-1-2).

N
N
ol
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Figure 7-1-2. Partial structures of compound 1 based on HMBC analysis.
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13C NMR HEHAA dAA7EA A" § 178.4¢} 147601 AX g F
M2 quaternary carbons ©|Ath ©o]EL oW F4oE Ayl "ol oY AdHEZ A
o A9 correlations”7t WYEHA] ol F5o] EAXRANE ko] fAMgE EH3}€] chemical
shiftse] HlaE stivh. 2 A3 A7]E pyridophenyl”] & 71 &2 & WS v &3 3
G5 Eo A HAE = pyridoacridine®] FLdtA § 14769 ©AE pyridoacridine®] %
& aglel YAt AS FEFAT (Figure 7-1-2).

a8y 719 R3¥ pyridoacridinesoll A UERE wEe} o] § 17842 carbonyl
carbong 7FAE 1E= F 7HA FEZE 7hEsta o] wiel 239 pyridiniume] $1%
= WslslA Hol AAZ st mwle] = HR Wolx A Huh AAZ pyridinium®)
7Fs/d 7 ol 9] acridinecl ol HE{ s S Al 43 compound 1] 7Fe sk
z2E AAHoz MR F2A (Figure 7-1-3). ol EF7F 7]Eo] Bart HX g
Aoz uFo] compound 12> AEAZ AZtEC a8y LA RA A3 o5 o8 714
7hedk x5 RSt SFES] AATEE s 2AAS B4 A PHe x4 4

AFEEde] §9% Aow meygth B naAe] Aol tehg uhsh e mazt
x 2

=

ol

b
—in

i
Lo}
<
o
o,
o
2
(e}
u
e
=
(9]
12
lo,
o>
o,
_'Q
>
N
N
o,
ok
2
B
gt
o,
o
»
¢
i)
ol
4
N
Mo
£
2
O
ol
ol
2
-
N
N
N

A" AL ZF7F compound 1914 YEbdnel Zo] pyridoacridineal 2] ¢F tf& F&E

% Aol AAAL FoA Suke] Felvo] TxE Hs FEFUA sAske et
3

5 A Ty 7 A sl S A= 7129 pyridoacridines] Al
xEAgo] ERUA] g wkde 03] # Alxe FTAE FX stk A2 Aol HE A
oo

A o] E AFgslE Aol APFoluh. X-A AAFREA 2% compound 1
g ]
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Figure 7-1-3. Possible structures of compound 1.
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o 2¥TH 122.3 (C), 119.5 (CH), 119.2 (C), 117.5 (C), 99.6 (CH), 37.8 (CH3).

=3

il
o)
fo,
4
M
oy

) A& Ad, 4, 71

S| Pellina sp. (A &EWHZ VJP-14)& 1999¢ 11¢¥ v=# Guam 4 Western

Shoal 1¢te] =4 20-25 mollA] Guam ™8 Marine Laboratory®] Valerie J. Paul 34 A FAET o] vy AEAAY FLssrd Y Fast AL FA 9 A
doll ¢Jste] SCUBAR AZJHUTH o] Alge Ful, M2, spicule®] “¥ % &% 5 ot BEFE 3 A QA2 A HFAES] A ABshEA AuE Aol ofste] Ay
B3ta SR rste] dx] &Il ot TRHH L] AL Peliina sp.2 F T AAE e Ad7E AFE] AFA o] oyt o B TEEok o
ALgon A 1 FEES Guamtl ¥ Marine Laboratory? sl EE ZTE Ao ®HEY Toll W= FEgo] A= wgisin. o3 AAEAFAAE I BH did a4
o] alth EYAARAE S GdEde] HAAE Fyste SRl Ay oof ain] e HAE]
AFE Ame dAdA FA WEro] BEHJoH Fo $4 Ax(x TF 65 S&3t st AL oy F gAY T2 fo EAste Aelth
g), 4l 9o durdel AAY A4S AR F FFor wHAT FEAxE AR FAHAAEAT dolA SHEEL ANEHY dANE, ALSHEH] v & A
tate] MeOH(1 L x 2)9} CHxCl, (1 L x 2)& HEESI] §7184 S FE39. F59 }84 7193 gaEAY] U T EE FWA oA e AEFES tEstal 9
= 3 & EmE A xste] Aozl ARE091 )& 3 CHLCL w85 o] &3t om olE2 BT £ Fo AEwe HgME MY E40] gle AR ANEHY] Bu
H 54 2ElReol=st AL A7 s Ags A dodd T E HESL HAA FaAdTHe M Fad A
dolth. B AFeAe vE fEivete] AAAEL ofUA T HAE] Bl dfE S
(2) A=) EAA o] 1% AHTEEZNE 159 AP AEdS wgstd 334 725 AosiA @
A2 HHEEY HAESTH TS s FHT 2R AREY FFdm o)y
Proton NMR 2~ E oA Zw]ZL peak’t UEIDG =3F (164 @)l dldle g A7 Boh FRlgletan AEHow Fd oS HAFE Aow AzddEn

HP-20 adsorption chromatographyE 3}ttt €& £vle] &A= &, 50% aqueous
MeOH, 50% aqueous acetone, MeOH, acetone2 7} 300 mL & AF&3F9th 50%
Aqueous acetone & (250 mg)oll W&l A Sephadex LH-20 gel-permeation =L Zv}E 1|
(&2 9; hexane: CHxCl: MeOH = 235)% 3ol &&d SAUZ 6719 #3
(fraction;fx) 2.2 YFAth 4 NMR A3 fx-1o] 23 Edo] gfa Zo =¥
1} o] ®Fo| u3te] semi-preparative 94 HPLC (YMC-ODS-A column, 35%
aqueous MeOH, UV detector, 297 nm)E 3l €&A17F 16914 compound 1S 5
stk 24 AAE 94 HPLC (25% aqueous MeOH)Z A o] FojxlE=d &%
EA9 %2 179 mg oAtk

Compound 1: 1H NMR (DMSO-d6) 6§ 9.26 (1H, d, J = 5.7 Hz), 901 (1H, d, J =
5.7 Hz), 898 (1H, d, J = 8.3 Hz), 836 (1H, d, J = 7.3 Hz), 835 (1H, m), 806 (1H, dd,
J =73 68 Hz), 797 (1H, dd, J = 83, 6.8 Hz), 766 (1H, d, J = 6.8 Hz), 3.60 (3H, s);
13C NMR (DMSO-d6) § 1785 (C), 1585 (C), 150.1 (CH), 148.2 (C), 1476 (C), 147.2
(C), 146.1 (CH), 144.7 (C), 1368 (C), 132.0 (CH), 131.1 (CH), 130.1 (CH), 124.2 (CH),
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Figure 7-1-4. 13C NMR spectrum of compound 1.
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Figure 7-1-5. 1H NMR spectrum of compound 1.
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Figure 7-1-6. HSQC spectrum of compound 1.
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Figure 7-1-7. 1H COSY spectrum of compound 1.
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Figure 7-1-8. HMBC spectrum of compound 1 (downfield region).
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T3 F=E2F (2FE)dA Fd A3 mAzF EST DBE 75371930
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A4s#d fFAAE Eol EAFALE AANFE 5L FT FYHL=E 8t
SOD(superoxide dismutase) F+HX(cDNA)E =243 Y. Fe SOD orfZ
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o &3t AA 2 3 g4 EAZAH 7IF FA3EA (CuZn SOD)S v
L= FEE AZF Fe-SOD &Aool w-¢ ¢F3tAth. 1L #<F Al Fresh
weight 14.45g/L, 34.8mg total protein/L, Expressed Fe-SOD 15.7mg
protein/ L8 #&& 4L 4 At FEE F4s gy AANATATGE
2= 9 glycerold H7F o] 3t @AW AP 2 Fe-SOD7} € 2EH X
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V. A7/Ede 284
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29 &x° 282 & AT
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SUMMARY % KEYWORDS

Recently, increased environmental pollution and various stresses resulted
in the generation of the reactive oxygen species. Therefore the demand of
external antioxidant are largely increased. Since, the result of research
suggested that antioxidant and antioxidant proteins are very effective on
protection of aging and disease. Therefore, the research related to
antioxidant has been investigating in worldwide. However, only a few study
has been attempted to begin the research of microalgal antioxidant.
Microalgae are abundant in marine and fresh water habitats, and attractive
for commercial exploitation, because they grow fast, require rich organic
supplements for growth. They can produce natural products such as
pigments, enzymes, unique fatty acids, antioxidant, vitamins, etc.

In this study, 10 species of microalgae were obtained either from culture
collection or donated. They were cleaned and mono-cultured. From these
microalgae, Chlamydomonas reinharditt was investigated to improve
antioxidant activity by insertional mutation. One of mutant showed the
increased amount of antioxidant pigment such as xanthophyll in the cell. In
addition, light stressed Dunaliella salina was subjected to generate EST
(expressed sequence tag). Among the 1000 EST, the group of anti—oxidant
protein genes were analyzed, and the Fe-SOD was cloned and expressed in
E. coli. Activity of the antioxidant recombinant protein was assayed and
compared with the commercial anti-oxidant enzyme. During the pilot
experiment, 34.8mg/L, total protein was yielded and 15.7mg Fe-SOD
recombinant protein/ L was resulted. The stability of Fe-SOD was further
examined. When the recombinant Fe-SOD was treated with 300C for 1hr,
activity of Fe-SOD was decreased by 85% of control, which means
relatively stable, however, the addition of 25% of glycerol can fully recover
the activity of recombinant Fe-SOD. From these results, E. coli expressed
microalgal antioxidant protein shows possibility of application in the field of

cosmetic industry, such as antioxidant cosmetics.

Key wards: microalgae, EST, green algae, antioxidant, Fe-SOD
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Figure 8-1-2. Analysis of pigment content for the transformed Chlamydomonas.
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Y. Dunalliela ESTs data®] ¥4 23}

Figure 8-1-1. The development of transformed e total sequence®] 7|4 o 111270
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Figure 8-1-3. Funtional classification of Dunalliela EST.
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2. Fe-SOD7} @44 45 wEate 7oA FAALTIAAEE dolrne

Northern blot#4] 4 3} o]t}
LL HL
Fe-SOD
a~tubulin
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Stained
RNA

Figure 8-1-4. RNA blot analysis of Fe-SOD. The loading of an equal amount of
total RNA in each lane was verified by a-tublin gene probe. The transcription
level of SOD was enhanced by light stress.
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Figure 8-
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Figure 8-1-5. The expression of recombinant proteins.
1. no insert
2. insert with IPTG induction
3. insert without IPTG induction
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Figure 8-1-6. The activity of recombinant Fe-SOD determined by the

inhibition of auto-oxidation of 1mM pyrogallol.
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Figure 8-1-7. The example of antioxidant activities.
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Figure 8-1-8 The effects of temperature and addition of glycerol on
antioxidation activities.

H : heat stress (H30 : 30C for 30min, 30C for lhr)
G : glycerol addition(1/2G : 50% Glycerol, 1/4 25% Glycerol)
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