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SUMMARY

I. Title

Construction of genome and metabolome database of polar copepods and its
applications for an investment of their adaptation and defense mechanism in

response to environmental stresses

II. Purpose of R&D
The purpose of this study is to identify genomes and proteome of the
Antarctic copepod and to analyze the modulation of the genomes and metabolites

according to environmental changes.

ITII. Contents and Extent of R&D

Identify the genome and metabolome of the Antarctic copepod and measure
changes in genome and metabolome according to environmental changes.

- Identification of genomes and proteomes.

- Changes in transcriptome expression according to environmental changes.

- Analysis of proteome modulation and metabolite production pathway by UV

exposure.

IV. R&D Results
- Genomic and proteomic information was obtained from the Antarctic
copepod. The changes in genomes and proteome according to
environmental changes, were analyzed.
- Using the obtained genome and proteome information, the mechanism of
adaptation of the Antarctic copepod caused by environmental changes was

identified at the molecular level.

V. Application Plans of R&D Results
This project can provide basic information on the analysis of the ecological
impact on the Antarctic copepod and give an insight into how environmental

changes affected the Antarctic copepod at the individual and molecular level.
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o IR Q7ZF Tigriopus kingsejongensiss &-83Fo] X 3k7 2 S-o o]
&3 12 ARE Rt =4 dAHE mE A AZ2E s
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A=} A HiE AT W&
1 . . . _
1Zpd% A 8.2 ol A 2 T kingsejongensis® RNA seq. Database -3
(2017) A R EHa S ) 31
i = slag =1

A Aw s | FTRAQE #83tel colnelel 2 DB %u

SARANSN G | IARAASAN G T8 pAgade] TA F A
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(2018) | &M & A marker S 88 A = e oA marker B4
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. SA L5 Tigriopus kingsejongensis® mitochondrial DNA 7)A€ 4]

= A 27/ Tigriopus kingsejongensis®] mitochondrial genome A ¢ 7] A
gS B3I (Hwang et al, 2019). AA] d7]A<de] Zdol= F 14,940bp
ot Al wide &g A Z2> Tigriopus &l &ot= T
japonicus 2 T, californicus®t = FAAFe] wjdo] thE& AL st
(¥  3). 7T  kingsejongensis® mitochondrial @7]A<Ed= 13719
protein-conding A=}, 2709 2] E4 RNA, 2 22709 &4k RNAZF &4 3
Aok 13709 protein-coding # Aol I LS T japonicus 2

californicus®t Z}z} 5342, 52.17%9 FAIEES HPouy ofnwat Hd
64.38, 63.86%° fTAEE Ho © =4 deud. olgd dAZAH
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a9 3. 27+ 9% 9 mitochondrial @714 42 A%

2. S A 75 Tigriopus kingsejongensis®] RNA sequencing Database 7=
(1) RNA sequencing
o Random sequencing: ¥ <19 A += Illumina Hiseq 2000 o]&3le] =42
Zvy5 T kingsejongensis ¢ WitE LAFHA AHE AojWlltl Ilumina
Hiseq 20005 ©]&3 d7IA<E 42 A&distal Yo]4le A sequencing=
T3 oH, de novo assembly #43} bioinformatics &< ©]&3}le] A
DA ARE FH3GY. 4@ assembly #A4 S T dofx dd
HAA AHE w= NIHY National Center for Biotechnology Information
(NCBI) databaseZ ©]-&3}o], & 38250712 contigsEs R3S, o] data
£ Ensemble genome dataE ©]-83}9] gene annotation & G333+ & g
FAA  data® T=3FAuE. o] datas NCBI9] BLAST web pageol A
nucleotide H]x FAo] 71531, local blast® %3] database W< t&
contig/singletone® HlaL Aol TJlFelEE e MU data W<
contig/singletone®] frame %33} amino acid match A X, e-value, +4
5ol 450 Wr)Eoe] o o]E Fa| Z contig/singletone ¥ H AHHE
3 o] dolr ] A ALEs.
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(2) FA &7 T kingsejongensis AA W& 44 GO (Gene Ontology) 4]
olllumina Hiseq 20009} L#° assembly HAHS S w3 T

kingsejongensis WAFAANE V|eEE BF3IL B AF9 HFH o g
Eo] fFda g4 9w dbZS 98] Gene Ontology (GO) #41& A3 o
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3l ‘Cellular component’o]™, 7} Al & D FHA ] JAE 48}
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GO Distribution by Level (2)
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¥ 1. 5487279 genome scaffold A X

Scaffold information

Number of scaffolds 937
Length of scaffolds (bp) 338,997,028
N50 (bp) 1,473,880
Largest scaffold (bp) 9,103,457

Gap (%) 0.16

GC content (%) 47.3

R 2. FA47e A R

Categories Statistics
Number of genes 25,470

Total coding sequence length (bp) 35,739,996
Average gene length (bp) 3,814
Largest gene length (bp) 114,816
Average CDS length (bp) 1,403

Average intron length (bp) 847

GC content (%) 53.04
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(1) RNA sequencing data baseE &3 A ZF-AA- AA

o FAQZFFoAY RNA sequencing DBZ 5t %5 database ol A
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like receptor (TLR)S 'T=stAtt (¥ 7). TLRY &4+ AHadEds A

A NF-kBel @43tz

olojZltt, oo nuclear factor kB (NF-kB)<}t

lipopolysaccharide-induced TNF-a factor (LITAF)E W&#atgow, & #4

Aol domaing ¥4 3%t}

. LBP
I.'t ‘
.-'f Extracellular
J; y
l;
Cytoplasm
/ MyD88 TRIF MyD88-independent pathway B P
i ] i 7 IxB - ~==» Proteasome
p38a 2 o %
MyDES dependent pathway g (8
\ P p ~
\ A i Nucleus
\ i
\ LITAF IkB - > IkB
\ .
\ NF-xB NF-xB
\ H
P
LITAF
e * Gene activation
v * Cytokines
’ s (INF-a, Ils)
AT * Inflammation
e .
* Enzymes
+ Immunoreceptor

29 6. Immune system 7] 2] tjEZ 2l o

Gene ORF size (a.a) 5" RACE 3" RACE Matched species E-value
Toll receptorl 667 726 0 Halyomorpha halys 2-97
Toll receptor? 602 803 0 Anaoplophora glabripennis le-36
Toll receptor3 240 513 0 Anoplophora glabripennis 0.0
Toll receptord 281 468 528 Aethina tumida 6e-53
Toll receptors 810 636 0 Portunus trituberculatus Te-109
Toll receptor 1070 0 53 Cimex lectularius Te-102
Toll receptor? 918 224 193 Trachymyrmex cornetzi 0.0
Toll receptor8 233 1085 0 Trichogramma pretiosum 0.0
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s

a9 9. = 712 2 T kingsejongenesis CYPs 4 =}
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(4) A 27+ DNA repair &d f-24xpe] 2=
o 3HWE FAQZF T kingsejongensis®] RNA sequencing database®l A
DNA repair %%% TR 22708 FRSATH 87 R 54 AW
57 DNA repair #& Fxd=pe] =3 oo #HuH
MU & v':_'—’\ = %’3}04 AW 2 oAl AT & H oolof] #AHAHE A
=& g dede ZidEn (¥ 10).

Total length
(amino acids)
Non-homalogous end-joining I 7] BN
(NHEJ) 300
503

SRACE 3'RACE Matchedspecies  E-value

343
28
587

Homologous recombination I
@R)

347
847
936

0
0
>
0
0
v
0

Siglestrand breakage 0

(SSBjrepair/base excision ¥

repair (BER) 60 1

1078 0

305 0

0
0
0
0
0
0
]
]
0

761
230
T-DDBI 1138

Nucleotide excision repari

TR

Conserved DNA damage
respose

9 10. DNA repair schematic pathways 24 %= 2 42} v

o

(5) A L7} chitin biosynthetic pathway #& 2 2p2] dha
o Chitine #4FE H|E3 AR s=9 iFIE A= =2 biopolymer
ZX chitin®] A %2 EI= AXTE FH WHIE Y3 molting
o o gxd
sequencing database®] A chitin biosynthetic pathway
5 SHsA a4F7e A4 AWt yed F
biosynthetic pathway & FH 2} =3} o]o] I H
sl o dd AT &R ofye}l o]} FHE AeA w
A olalE = ds FoE JldEn (29 1

.

o FU

o 1

metamorphosisel] 23k

<

—’E' _m
¢

i,
do
r
>
M

—

—

=

[ _ - Gene Total length S'RACE 3RACE Matched species  E-value
\ ! (amino acids)

s | Ry UDP-N.acetylglwomanive T Chitinsynthase 1 855 759 ] Tigriopusjaponicus 00
) |‘::4 . wr Ti-Chitin synthase 2 40 0 0 Tigriopusjaponicus 00
ectyloted i OO IBUEONImING  Neacetyucosamie- 1-pwphate T Caitin synthase 2-1 1265 341 0 Tigriopus japonicus 00
! NAGK | T v The Chitinsynthasa 22 483 509 3 Nariopusjaponicas 00
: Neacetyl bosphite T3 Chitinsynthase 3 S8 0 0 Tigriopus japonicus. 0.0
i T GYPYAT Th-Chitinsynthase 3 854 0 ] Dgriopus japonicus 00
Chitosan ucosinine.6-phosphate T-Chitin synthase 6 1198 130 0 Tigriopus japonicus 00
T-Chitinsynthase 7 S8 04 0 Tigriopus japonicus. 0.0
T-Chittn synthase § 437 23 0 Negriopus japonicus 00
The Chitinsynthasa9 150 b 0 Ngriopusjaponicus 00
The Chitinsynthasa 10 536 2087 0 Tgriopus japonicus 00

29 11. Chitin biosynthetic schematic pathway =A% 2 42 2=

6) SALZFo] A - FHAe T
o AAAL #&H F- A A<l elongation of very long chain fatty acid (Elovi) 2
fatty acid desaturase (Fad) +3dAt 177015 &R3AT (W 12). Elovl
9 FadfAAs AWAke] g4 5 5944 BX g S7HA71E 4

_’Ié_



Aol B2 A HAF pools EXREA ] AWAle qA4AHS A=Y FL&
@ f:f; 2 AR,
Diet Outer membrane
H Cytoplasm
Glucose - BA

Krebs evele . Mitochondria

Acetyl-CoA
y ACC '
| !

Citrate = Citrate = Acetyl-CoA

> (c200) ™ (€220

Malonyl-CoA

- —
| LA GLA - DGLA » ARA

ACLY KAS I(18: ')n 6) (IS 3n- 6) (20;311—6) ! (20411—6)!16 fatty mds
: T e DilA
Nucl a s .
e - * @0:5n3) > (226n-3)
${ELO|
. . ot YT ETE
EeR SREBP™ CRREBP'D [ ACLY ACC KAS T {543n3) 2.3 fatty acids

I I I

a9 12, 872t 7iHksk A A gALEE {F- A %] schematic pathway 22 %=

@]

T

Az ol A IS dEete] EAAlEEE £ Ay (2™ 13),
7€ BaEA &o R FAAEC] TALJCT}E Fatty acid desaturase
A2} Fol A= A5/6 desaturase”t ZLAl 7 9] family® Y= AS &9l
st 7 AAJT (456 desaturase a~e®t B. Elovi ol X< Elovilie]l 8.7l
A A EFA DAEAT. Elovie HFsEs 7|22 THEH THZAI N &4
ot B AR A2 FHFEEAAN 2R Elovi FdA7F Bas o §)
th oo AF Ao 7|E HFFFAA Elovi9 100 Hil¥ A A=
T U2 Elovle] &#Edtda, SA84FE &8st 2ua7Fef v
sto] A2 FAA familys F=dvkes HolA on|7t A mpA e
Elovil/7 747 vrdst #4&5 FAdste s AT & de=d,
A FHFEEAAA FEHAA YeUE 5

.

¢

ol

o &
e

o ore o1 T

)

_’|7_



ax [j-Elavll/ 7zl
Te-Elevll Tzl
Th-Elovll/Tal

-Elotil 722
- Tl-Elovll b
Tj-Elovll Th

SETc-Elovil e

, —B-Elovll/7 BGIEMGANID422

1 B-Elovll/ 7 BGIEMGAND424

E'NEImIl ! BGIBMGARND19]
]

#lc-Elovll/Tdl

c-Elovl1/7d2

a-Elovll 7 BGIEMGADIDO12
E:u-EIcml BGIEMGADIOD4S
a-Elevil 7 BGIEMGAXDS 1368
a-Elovl1/7 BGIBMGAL1 1874
m-Elovl 17 BGIEMGAQL 0021
Ba-Elovll/T BGIEMGAD10218
m-Elovil/7 BGIEMGAQIDD1D

i

—Em—ﬂmlll_uEGIE‘\[G ADLOR23

T TEledlia
A T Elovill

L Ti- Elovll1h
Pr-Elovill

—EiEloviisn .

5 (—Ei-Elovld §
—RicElovt3 /s L

a-Elovl3 /5 BGIEMGACL2702
Hz-Elov]3
E}El{f\-‘li

a9 13 AR B FAde AR

SA a7 Fol A wEe AAUA B fAA4T 2e & Hak T

japonicus, T. californicus 2 W& 9 Paracyclopina nana<} W] 13} th
(X 3). 1 23, FAZ77F M 2 7 425 A1 e Ao

2 Uersth ol 82 Tigriopus %
AE A= YET
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%3 FAedFe e aziel AduAnd 44 A5 v

Species

T kingsejongensis 1. japonicus 1. californicus P. nana
A4 desaturase 1 1 1
A5/6 desaturase a 1
A5/6 desaturase b
A5/6 desaturase c
A5/6 desaturase d
A5/6 desaturase e
A5/6 desaturase f
A9 desaturase

Gene

DO = = =

Total
Elovil/7 a
Elovil/7 b
Elovil/7 ¢
Elovil/7 d
Elovi3/6
Elovi4
FElovill a
Eloviil b

[ o | S o S S S Gy Sy
DO | = —

— = = = D00 = = e e

= DN = = = 00|

N = = e e
—
—
[

Total

(6) FA L7572 G protein coupled receptor 7 #Fe] Bkt
o GPCRZ AU o7 Aro] ¢&A7F EAgd ¢4EA Jor, A
o] BE AYA wbgS Fujsita AT (I 14).

Biogenic amines Amino acids and ions Lipids

MNoradrenaline, dopamine, Glutamate, calcium, LPA, SIP, prostaglandins, leukotrienes
5-HT. histamine, GABA .
acetylcholine Peptides and proteins
\ //'——_ Chemckines, angiotensin. thrombin, bombesin, endothelin, bradykinin
. Syt

f————___ Others
. Light, odorants, nuclectides

Biological responses
Proliferation, cell survival,
differentiation, migration,

ECM degradation, angiogenesis,
metastasis, cancer

. = =
o ; /ﬁ
Bl s N 2 Gene expression
Gety, Gt Goy, * S
Gl .. Ga, a2

Effector / I
Adenylyl cyclase  Adenylyl cyclase PLCB PlIS-RhoGEF ﬂ i )
Axin Phosphodiesterases  Lbe LARG etk g Transcriptiontsy
T{cAMP) Phospholipases Tica®) PDZ-RhoGEF /i ffactors  JAD
PKA LeAMP) PKC AKAP-Lbc \

Rho Rho 0

I3 14. G protein coupled receptor®] 7]% ol thalk o A]
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o THRE GPCRE class 19 £3jolsE Aoz vEwta Uz EFTd =
o £z GPCRe] £A43# &+=d|, o= t& ABEZF AF9 wf-$
ARSE Astoltt (R 4).

E 4. A 8779 G protein coupled receptor 2o 7 2 Il

Class Gene name No.
Class 1 G protein coupled receptor, rhodopsin-like 196
Class 2 GPCR, family 2, secretin-like 28
GPCR, family 2, extracellular hormone receptor 1
domain
Class 3 GPCR, family 3 13
GPCR, family 3, metabotropic glutamate receptor 1
Chemoreceptor 7TM chemoreceptor 7
SRW 7TM GPCR, serpentine receptor class w (Srw) 11
SRX 7TM GPCR, serpentine receptor class x (Srx) 2
Frizzled Frizzled/Smothened, transmembrane domain 2
Total 271
4. BA2EH 2 =&2E SALAF] FAA 2 st
(1) S 2Edzz &) F=d e dadwst B4 A9y
o FAAAWEE AT FUA] FAPLL BAL s FALAF T
kingsejongensiss 74 ~Ed 2o w=FAZ1 H total RNAE FE3lL

real-time RT-PCR% Az H FEEE total
RNAE FZ3t3 =49 total RNAE A3t ¢cDNAE superscript reverse
transcriptase 1S 01%3}04 A e 3 real-time RT-PCRE F33t} (1
d 15). H<F dolHeo 4 : == —2 == 7

v
Og{:l',
e
v}
2
g

L
_0|L
el
=

[e) -ANC =]
- 2 t H]—H‘] —O——i O]—tq 5ig C 840 ¢ 350 C %50 C
OVA testiE L 505 s s = GEE) [
one-way AN i i : LB
\% (SN T L~ H S
Student’s t-testE A}-&3}o]
A BAS FRa, z
£
1840 C for 400
52 840 Clor 035

3 550 C for 0:30
4 720 C for 0:30
B

5. for
MeltCurve 650 to 950 C.increment 05 C,
for_0:05 + Plate Read
END

a9 15. Real-time RT-PCR9] protocol
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S ~EY Tt 5287 1= AR £ZA Ao ule ke BAs
i olE FIl FA LR/ B AGotes 7AS dolra Sx]3 W)
2 oedde mE dFS A8 AT

=% Cytochrome P450 (CYP)E =X 27Z5 7. kingsejongensisol <1 3070 2]
CYP fFAAES ugo=z =4 f/F S99 791%3}7] -‘?43}04 :LZ]E-”%E
water accommodated fraction (WAF)el x=&A171 ¥ SdWsSE
(Han et al, 2017). 33 7] AFolA] WAFoI A EOV‘—, o2 &
32 WYY 2 7% Tigriopus japonicus® CYP F3AE & #& 1
o &3} T kingsejongenesis CYP A4S HAAsIct (29 16)

m

L

T} CXFrar

o
ﬁi'ﬂ 2 § -ig %‘, IE"F-. %%‘h
Lo J it - W
& ET "
& " E
3024 family =

a9 16. Tigriopus CYPs9 AT %=
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o A% Ay WAFY A7HA st (40, 60, 80%) EFolA 24A13kell CYP3024A3

stltk (28 17).

. 40% WAF
/™ 60% WAF
d B 80% WAF

r 1
S S =4 S < <
S =] o < (o]

—

uoIssaIdxd VNYW SFFZ0EdAD dAne[dy

Exposure time (h)

a9 17. Tk-CYP3024A3°] WAF

—

Aol "vA7E 2

)

o
-
o
el
ojn

vt o 2 CYP3024A3°]

=
=

B
E

glet 7t e

%0

PN
T

84

Q1 biomarker® A}

o Tg 2

Sk

%

WAF

1

=tk

AAE

7] BB

=

A},

= deg=t 7l

molecular chaperone?! heat shock

9%
A @ 2o A
& HEes

AT (HsplO, HspZ0,

Faf

k<
R

g

=
=

F44

protein (Hsp)
Hspd0, Hsp70, Hsp90). ©

17] $15ke] 2

443

lof]
HolE gelstdtt (Han et al,

]

Ela|

2018; 18 18).
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o}

oo Wale] e FALAF At AR 7%

4°C 0 (14°C) 30 60 90

120 (min)

Hspl0 e
Hep20 i —
Hsp40
Hsp70
Hsp90

b) 24 °C
0 (14°C) 30 60 90

Hspl0
Hsp20
Hsp40
Hsp70
Hsp90

Gilucose

L Mitochondrid ACLY
Krebs eycle Citrate —= Acetyl-CoA —————— Palmitic acid

[_. —I (C16:0)
I—‘ Acetyl-CoA | Malonyl-CoA
I—~ Citrate

ACC KAS

Cytoplasmn
ACLY ACC KAS
PN NTNINT NS -

EcR: Ecdysone receptor. SREBP: Sterol regulatory element binding protein.
ChREBP: Carbohydrate regulatory element binding protein, ACLY: ATP-citrate lyase,

Outer menmbrane

ACC: Acetyl-CoA carboxvlase, KAS. B-ketoacyl-acyl-carrier-protein synthase

a9 19. Ak A 71

O
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1
T

7}3f

AWzt =

ARl et vt

1
T

ol A

o}

120 (min)
120 (min)

90
90

60

60

30
30

0 (14°C)
0 (14°C)

= AR (™ 20).

1

kel
=

13

ChREBP
SREBP
ACLY
ACC

KAS

a) 4 °C

b) 24 °C
ChREBP
SREBP
ACLY
ACC
KAS

o

3

1o

7

=K

0
o
ofp
ojn
B
file)

o
]

0
ey
~

2 (24%)0l

l
=

< (4%)

1

A eztng 2

L

=

g
Elovi 7A7ke] e W

°

A2l biomarker® AF&E 4 gloglg 7|tjH ).

ot

B
o
o
o
il

3}

ol
=

=FA F Fad

(¥ 2D).

B

o
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60 min 90 min 120 min
4°C 14°C 240C 4°C 14°C 24°C 4oC 14°C 24°C
D4 = .
Dia
D5/6b
Ds/ée
D5/6dl
D5/6d2
Di6e
Ds/ef
D9
Elovil/7al
Elovil/7a2
Elovil/7b
Elovil/7d
Elovi3/6
Elovi4
Elovilila
Elovillb
I8 21, = e XAAE FHAY TAws)
(@) Aol el wEE FAaAF FAA 24 23
o A AWt AAALF #AA FHALe] W] Watst=x] #zelr] $ls)
of o)A wEANZ F Elovi R Fad %379 H@FE 43k 9]
A (12 kJ/mH)e &S FA Q7T AZAAlel ZA JFS v IvE AL
g8 & Aok AdgAt BE FHAe) BHEe YL Al we 3
FAS FrolE = QIolth (g 22)
Ultraviolet
Control 1h 3h
D4 1.00 0.71
Di/6a 1.00 0.72
D5/6b 1.00
Dis/6e 1.00
D3/6dl 1.00
D5/6d2 1.00
D3/6e 1.00
Ds5/6f 1.00
D9 1.00 | 069
Elovil/7al 1.00 0.68
Elovil/7a2 1.00 I
Elovil/7h 1.00
Elovil/7d 1.00
Elovi3/6 1.00
Elovid 1.00
Elovilla 1.00
Elovillb 1.00
a9 22. A Ao wEE FHaztie AARA G| el
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5. A7 F Tigriopus kingsejongensis®] @ A A marker 574

(1) SAFEHS714 T2 WA A marker A4

O

M)

A48 F7487t9 RNA-seq AH%F NCBI NR BlastolA] hit® 23,9187
o] FH1A ARAAM protein DBE F+%3F3th o] % ITRAQ (Isobaric tags

for relative and absolute quantitation) WHS F3] @A A markerE 74
SHATH Ad W AEgR dwly 5 did 7], FAHA 59
9AE A LC-MS/MS WHo=z owzas 3ty EIRARCE

bioinformatics analysis pipelineS &3te] &85

Transcriptome result

(optional)
transeripts gtf ( This Canonical

GTF file containg protein entries
Cufflinks’ assembled

isoforms )

Protein Ixtraction

Customized

-
]
]
!
Junctions.bed (A T’Tmc “:
UCSCBED track of abase !
junctions reported by !
TopHat) Genome |
annotation | Protein
1
ST L5 Identification
PiseiiBieeion # vef{The Variant Call
¢ Format ﬁle' from Pathway Analysis
. \_ﬁ Protein
Peptide Labeling Quantification
Differentially
Pepide Fractionation Replicate Analysis Expressed Proteins
S
- ¥ v
LCMS/MS GO Enrichment Pathway Enrichment Cluster Anlysis
Analysis Analysis

a9 23, @A A WE pipelined 2 A%

NS 2wt o g eElon AdAy F 2801170 fEtel= 5507
el dud S Xéé‘Poi‘EP (28 24 % & 5).

NCHT1012_combine_repl

FITFTSNCHT 1012_cmbi

I 24 SEA A witkelo]1H Jle

_rep2
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¥ 6. A L7 Tigriopus kingsejongensis® @& FA /)&

Sample name Peptide  Unique peptide Protein

T kingesjongensis 1 16,209 15,679 3,718
T kingesjongensis 2 21,146 20,574 4,635
Total 28,011 27,320 5,507

GLYCDLESIS / SLUCONEDGRNESIS

prote i birdit
nuclelc acid binr

o garTier a2
catlytic actiyity s 1443

binding 1151
ciivily

S Ghermen 1P

)

i
S P

cin P

e e 1108

cell Jurction
R s o N
single-organism process I 10
=i 5 24
thythmic pocess
125 ponse (o shimulus smm— 395
reprodiuctive ot 104

2D Ghimendd

....................... o
loe:
|mimuns system
harmone:
developmeal pit
eallular ’;I = 1313
celluiar comporent organization or biogenssis 361
et g
biclagical =g w485
~ Blalagical
biologica adtesio
. beFavi
8 g = g > [T w0
e
i ity

Number of Proteins

. |} Biological Cellular Molecular
Categories [ prosess .mmpcnent Funetion |

L
s Canetin Laborniones

a9 25. FA94F SuAAe] BF 9 hAA] oA

(2) Ao Aol g SA a4 RFe @uidA Wal 24

o g d A ATARE vEoR o], FARLFE 12 kJ/m® o AA
o 0, 6, 12, 24, 48413t &<t =EAIZ § 33 A 85 2oy} v st
of @l Ae] WstE #Fe. 2 23 UVel =% F 48A1F 5 =&
H Fol 7HE B2 go duide] W] WEtE = A &I & UM
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700
600
500
400
300

200

«» 1 1 =1 B
@ |
Oh 6h

12 h 24h 45h

=

B Up-regulated = Down-regulated

ag 26. A =FH SA RN WstE diH ] A4

w2d FALAFY BudA F 9L AL BF
= 71

] Y 1
E7] ffste], RAES I8 ST (2™ 27).

7h OAIZE =F

Ribosome o .

Protein processing in endoplasmic reticu |LIIT|-|.

Pvalue

Propanoate metabolism+ @ 0.05

0.04

One carbon pool by folate - & 0.03

§= 0.02

o] Glyoxylate and dicarboxylate metabolism 4 [ ] 0.01
e

= 0.00
=

Citrate cycle (TCA cycle)4 @ Piteiniimber

@ 0
Carbon memhnlism—i. . 20

Asthima A ®

Antigen processing and presentation o &

0,25 0,50 0.75 1.00
RichFactor
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(1) 621

L

Viral myvocard itis 4 i
WValine, leucine and isoleucine degradation -
[ =

Toxoplasmosis < @

Ribosome 4

Propanoate I‘ﬂfti.lbL:?IIhl'n' & P\-’ﬂloLIES
One carbon pool by folate 4 ® 0.04
Meuasles - i
Longevity regulating pathway - multiple species - (=] ggi
. Legionellosis 1 » e
E Hypertrophic eardiomyopathy (HCM ) 4 . 0.0
= Histidine metabolism 4 @ .00
& Glyoxylate and dicarboxyvlate metabolism 4 [ ]
A SR 2 ProteinNumber
Glveine, serine and threonine metabolism-+ ® 0
Dilated cardiomyopathy - .' 5
Cardiac muscle contraction{ (@) . 20
Carbon membnlisnﬂ. . 3
Arginine and proline metabolism+ @
Antigen processing and presentation - ®
Aminoacvl-tRNA biosynthesis{ @
Adrenergic signaling in card imhym‘y[es-.
0z 0.3 0.4
RichFactor
(Bh 1271 =&
Viral myvocarditis - (]
Toxoplasmosis 1 ]
Thyroid hormone synthesis4 @
Thyroid hormone signaling pathway 4 @
| R1hlnsume 1 ‘ PvaIOuES
Platinum drug resistance - ® 0.04
Parkinson's disease - $ 0.03
Oxidative phosphorylation 1 @ O.D'-’
&, Mon-alcoholic fatty liver disease (NAFLD) - ] T
E Measles - ® Dol
ﬁ“ Legionellosis 4 ® B0g
- Influenza A1 @ ProteinNumber
Huntington's disease - . ® 0
Glyoxylate and dicarboxylate metabolism 4 2 2
Estrogen signaling pathway - o . -
Citrate cvele (TCA cvele) o & . 3
cGMP-PKG signaling pathway 4 @
Cardiac muscle contraction - .
Alzheimer's disease 4 .
Adrenergic signaling in cardiomyocvies 4 .
0.10 0.15 020 025
RichFactor
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(@h 24413t =3

_30_

Viral myocard itis 1 .'
Valine, leucine and isoleucine degradation i)
Ribosome - .
Pvruvate metabolism & Pvalue
Propanoate metabolism 4 @® 0.035
Nitrogen metabolism - 0.04
Measles - [ 0.03
Legionellosis 4 @ 0.02
w,  Glyoxvylate and dicarboxylate metabolism - @ 0.01
§ Fatty acid metabolism4 @ 0.00
% Falty acid elongation 1 @
P Fatty acid degradation 4 @ ProteinNumber
Citrate cycle (TCA cyele) 4 @& @ 10
Cardiae muscle contraction - . @
Carbon metabolism 4 . . a0
Butanoate metabolism - & . 40
B iosynthesis of amino acids .
Antigen processing and presentation - L1
Alanine, aspartate and glutamate metabolism 4 &
Adrenergic signaling in cardiomyocytes 4 .
020 025 0@ 03 04
RichFactor
(vh) 48A17F =2
Valine, leucine and isoleucine degradation - ]
Sulfur metabolism - L
Ribosome - &
Pyruvate metabolism - ® Bvalue
Froteasome 4 & 0.05
Propanoate metabolism - o 0.04
Parkinson's disease @ 0.03
Metabolic pathways 0.02
- Histidine metabolism & 0.01
§ Glyoxvlate and dicarboxylate metabolism - 0.00
ﬁ Glveolysis / Gluconeogenesis 4 @ .
P Glutathione metabolisim 4 7] ProteinNumber
Galactose metabolism - & . 50
Fatty acid degradation - [ . 100
Citrate cyele (TCA eycle) A ® . 150
Carbon metabolism - & . 200
B utanoate metabolism - @
Biosynthesis of amino acids 4 [ ]
beta-Alanine metabolism -
Arginine and proline metabolism 4 L J
0.3 04 05 06
RichFactor
29 27. A9 Aol wEH FHazFA FolHow dFE W pathway A%



O

A2 12 kJ/m22] Ae)de] =E8l X 0OAAFE Al &sle] 6, 12, 24, 48
AZE =E3E FA 87 R, olE FEste] txud vastdth #3359
pathway+= 550770 ¢] ©@9 A A& pathwayd = E739S o FoHoz o
g e G e A5 WEFW O™ RichFactor= 179 pathway
g 7o ®E AR = 2 RichFactor®] ko] =olxith gz 99 =
715 FolshAl 9FS w2 dde] WESFE AXY Wit 7t E

AR felie] 2 Ao wASL

_ﬁ
2 2

()]

L
R
_Q_
=1
o
hy

AR, A9 wFR A7kl BoA5E T folHe Mt Aol
MAATO) B Aew GedT 047 O, 6, 12, 24, 8412 71 207)
).

o RE A7t FeolstA W3kelk pathways Ribosome % glyoxylate and

dicarboxylate metabolism pathway 2&F% 3, 1 % ribosomed} #HH o
WA o] wede] 7 @ol Wstsldth Ribosomes mRNA®9F A3 &
mRNA® AEo] we dids dAsts g F2 Fqgrh gapa, =
e ==H SALZFe A% dHEwd Hlasile W guE o] g o]
A FEFE WS AojHn AFE F Ak 53], 9 ribosome
‘iﬂiﬂ FAdo] At Aow yeuly] wEo] @A A

-

pathway It
o F4E A

=

50
40
30
20
10 I
24h

B Down-regulated w0 Up-regulared

(i
rﬂ

A7t F{e] W AA  F ribosome
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o oA thALS} ¥ pathwayE©] A2l w=EF¥ SA 87 oAl wWo] W
st Ao 2 YERth (citrate cycle, carbon metabolism, biosynthesis of

amino acids pathway %).

ol AH ANE Eslo] FXQ74F Tigriopus kingsejongensisdl &7 &=
G AR E 2add 48 Ao, SH8ZFel F BEH A=
EAEt = dAZI &S digh 712240 ARE AAT 7 AUTE HEg S
A =EE7] A UVl tigh g dA 3o Ao J&s Hrhg vk
Aol Al TS5 AFAEZA &8d 7HA7F wrha ddET
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