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SUMMARY

(3 B 2 o ®)

|. Title: Post-Polar Genomics Project: Functional genomic study for securing of

polar useful genes

[l. Purpose and Necessity of R&D

Development of useful genetic resources from polar organisms

lIl. Contents and Extent of R&D

O High-quality genome data analysis from polar organisms
- High-quality genome data collection from polar higher organisms
- Securing Metagenomic Library of Polar Environmental Specimens

O Characterization of polar organisms through functional genetic analysis
- Functional protein identification by proteome analysis

- Analysis of protein signal transduction and biological function from proteome
data

- Functional verification of target gene using heterologous gene expression
O Development of useful genetic resource candidate
- Development of genome-based useful active protein and peptide
- Production of target gene over-expressed transformants and phenotype analysis

- Development of model transformants with useful target gene oriented from

polar organisms

IV. R&D Results

O High-quality genome data analysis from polar organisms



- High-quality genome data collection from polar higher organisms
- Development of polar genome database

O Investigation of polar-specific environment adaptation mechanism from genome

data analysis
- Analysis of polar organism-specific gene functions and verification of practical
applicability
- Functional protein identification by proteome analysis
O Development of useful genetic resource candidate
- Verification of active mechanisms of useful active proteins

- Exploring the technology of utilizing genetic resources from polar organisms

V. Application Plans of R&D Results

O To lead the area of polar genome research as one of the world’s top research

institute

O Understanding of polar-specific environment adaptation mechanism and

evolutional evidence for polar organisms

O Application study such as transformants development using the genetic

information obtained from polar-specific living mechanisms

O International polar research collaborations with genome and proteome data

through the polar bioinformatic hub-network system
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a9 11, F= 29 (Pleuragramma antarcticum)
- HA, AdEHI 72 high-trophic dEEQ $8&
AAE A7) dpoll =8 A AAF
FTolAT A BERE obF WA UA ot
wel izt sk ele
O "= 299 A4 44 H= B

- De novo genome sequencing platform© = long reade=

short read+ Illumina Hiseq Z ¢ &S AFE

- ey EE, fdA A7 dF,

de novo assembly+

A A A

£3} 439 2T A%

& o) gelul. o) wel A o]

(keystone species) & & wj

A A o A

o)
o
E $7

A E
= <l

A A

oxford nanoporeZ A}

long read assembler¢!

nextdenovo smartdenovo, canu Ml 7FA & Al&sty £ AHE A9E oF
- Assembly7} €5 %™ Maker, Evidence ModelerS< ©] €3] 24} annotationg
3
[ ONT data ] ‘ lllumina data
9 L2
Procedure Program Version Options
3 Preprocessing fastp 0.21.0 Default
- BBDuK 38.87 kmer =31
jellyfish 2.2.10 Ploidy = 1, kmer = 17~21
$ Genome size estimation
GenomeScope2 - Default
_ SMARTdenovo Default
De novo assembly
9 X NextDenovo 231 Seed length = 4k
‘ Purge haplotiy Polishing NextPolish 1.3 Default
. J Purge haplotigs Purge_Haplotigs - Default
> BUSCO BUSCO 5.0.0 eukaryta_odb10 library
19 12. De novo assembly 3}o]Zg}ol
O BF 2ol Ay FAA A% A
- AWy H = oF 100X coverage 59| short read datas &H. F4A A7]1E short
read 715 <F 900 Mb A =2 =5 9] long read A1AAS 3

- Long read+

_26_
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- Z AR assembler Z21# = nextdenovo®t smartdenovo assembly”} 213 = 13
canue A& oA, Next denovo®t SMART denovo 4] A3 §4A4 =77} o9F7F %

o7} e 4ROE fAA SHE AXs} 80 FUHE BAL Fo o =Y o7

b

len:928,981,976bp uniq:42.2%

02:97.1% ab:2.86%
~ keov:36.5 err:0.909% dup:7.87 k:19 p:2
E ] ONT long reads assembly summary
g observed
! = full model
R : unique sequence NextDenovo SMARTdenovo,
H —rrors -
© | -~ kmer-peaks Contigs number 3,722 19,976
& Contigs length (bp) 753,929,091 929,824,338
s 2
g ® Min length (bp) 16,104 1,590
g ] Max length (bp) 5,215,365 8,495,548
r ©
* 2_ ) : Average length (bp) 202,560 46,547
3 N50 (bp) 644,548 168,544
4 i N90 (bp) 69,940 15,811
S \\ GC Ratio (%) #1.19 421
+ ! I}
81 — - L BUSCOs (actinopterygii_odb10) C:86.4%[S:85.1%,D:1.3%],F:2.7%,M:10.9% C:88.0%[S:86.6%,D:1.4%],F:3.8%,M:8.2%
° 50 100 150
Coverage

lllumina genome size estimation 900 Mb gL

19 13, AW F413 Z7] oS3 long read assembly A3 2 9

Photo courtesy of the NOAA Office of Ocean Exploration and Research

09 14, Aol AEAS FEAS

O Aallol®e A FAA sl W

- De novo genome sequencing platform© Z long readt oxford nanoporeE AM£3}1,
short read+ Illumina Hiseq ZH &S AL

- doly EgH, §-A =7 o=, denovo assembly:= long read assembler¢!
nextdenovo smartdenovo, canu Al 7FA & AME3t £ AHE

- Assembly”7} €8 5W Maker, Evidence Modelers< ©] &3] 442 annotations

213

O AslelFe A FAA A% A%

Ael g o A
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- KIOSTZHH A2 MEZo] whole body7b ot 3, A3 FF5AHS 93] COIF
16S fdxA= EAEAH<E stol percent identity 99.05%% IR FY
(Synaphobranchus affinis) & &<lstal FHA 4 213

- Illumina short read WlelEI7bA] G HE FHHE FHA ZA7]l= oF 15GhE o5 ol &

71ZE2 &2 ¢k 100X coverage ¢ Hlo|E|E FH 3 Abe)
- g% AA AZ gHo Wil long read, RNA-seq, Hi-CE %13}

(vh) 5B A FAA Y A=
O FARF 159 F4x A= A
- Champsocephlalus gunnari®l 2 A A= 2HA
EHsEEe &4 =219
- genome assembly o] &tel - 3AM ) long read & Nanopore read $15% contigE
P33l Quality7} E<> illumina data® polishingste A2 #4& X3ttt

AMEE Z2O9 3 oWl e ®1 4 2o

ONT data lllumina data

9 $

8

Final genome

719 15. genome assembly pipeline
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F L FAA AR 2 2 B4 AHEE 28 JE

Procedure Program Version Options
fastp 0.21.0 Default
Preprocessing (lllumina)
BBDuK 38.87 kmer = 31, mcf=0.5
jellyfish 2.2.10 kmer = 19~23
Genome size estimation
GenomeScope2 - Ploidy = 2
SMARTdenovo - Default
De novo assembly
NextDenovo 2.3.1 Default
BWA 0.7.17 mem
—fix snps,indels
Polishing Pilon 1.24 —minqual 20
—minmgq 20
NextPolish 1.3.1 Default
Purge haplotigs Purge Haplotigs - -111-m 51 -h 180
BUSCO BUSCO 5.00 actinopterygii_odb10

O AE7 At oA E2x AA =

- Nanopore read® A% % 56,821,19471 & &EsINoH (& 2), Zdo] 2= 9977k
ol 2~ (Gh)AERE HE9 Zxoli AASAAZA0](09~13Ghb)2 1008 AL ==
kO 2 Assemblyd] =83+ &k (40w o)A ~)S FHEIY T T3+ Nanopore readel
ol AAdE AUHoZ w2 contig? base qualityE HA37] @A illumina

~
sequencing® ZFo] iR oW, & 71Gbel HolHE FHPT (& 3).

3 2. Sequencing statistics of Nanopore reads

Sample Total reads Total base (bp) N50 N90

M_icefish 56,821,194 99,110,669,031 3,085 717

3 3. Sequencing statistics of illumina reads

Adaptor & Quality After Decontamination
Sample Raw data (b
e a (bp) Trimming (bp) i (bp) »
M_icefish | 108,602,292,782 71,764,459,881 66.08% 70,737,357,669 65.13%

O FAA A7 A=

- Illumina reads® K-mer®# (2lmer) & B3lA /A ZA7E dFsoH,
GenomeScope2.02 A3ttt thek 990Mbe] A717F =5 , OlE o]&3ld
AssemblyE & stdoh (F 49 19 16).
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% 4. GenomeScope2.0S ©1 43t Champsocephlalus gunnari® A A7) &=

property min max
Homozygous (aa) 99.43% 99.45%
Heterozygous (ab) 0.55% 0.57%
Genome Haploid Length 989,001,296 bp 990,535,891 bp
Genome Repeat Length 490,518,894 bp 491,280,012 bp
Genome Unique Length 498,482,403 bp 499,255,878 bp
Model Fit 51.33% 96.36%

Read Error Rate 0.10% 0.10%

len:990,535,891bp uniq:50.4%
aa:99.4% ab:0.556%
keov:20.7 err:0.0964% dup:1.07 k:21p:2

- observed

= full model
unique sequence

= efrors

== kmer-peaks

1.5e+07

1.0e+07

Frequency

5.0e+06
!

0.0e+00
|

0 50 100 150

Coverage

19 16, FAA o Sol AFEE k-mer L=

O FAA oJAE2 (initial genome assembly)

- De novo assemblyE= F7}A assembler(SMARTdenovo % NextDenovo) & ©]& 3}
A= Rom, 24zt ot 9F o] polishing ¥ haplotigs Al AT (£ 59 & 6).
NextDenovo”] ¥t assembly 7} contig <=, N50 S9] 8EdA ¥ =& FX5 7K A
o], o]% FHF assembly setoZ@ AN SH, BUSCO validations EsA F
Assembly EF F7F A4S Adgst=d FA7F e Assembly = ISt

(Genome completeness » 90%).
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¥ 5. SMARTdenovoE

o] 43t De novo assembly

Step SMARTdenovo SMART — pilon*2 SMART phouz-
purgeHaplotigs
Contigs number 3,022 3,022 2,388
Contigs length (bp) 987,197,702 987,368,074 971,248,557
Min length (bp) 5,627 5,623 6,498
Max length (bp) 6,075,363 6,077,851 6,077,851
Average length (bp) 326,670 326,727 406,721
N50 (bp) 1,133,087 1,133,678 1,166,086
NSO (bp) 170,696 170,776 196,422
GC Ratio (%) 42.14 42.16 42.14
BUSCO actinopterygil ) C:97.7%[5:96.6%,D:1.1%),

F:0.6%,M:1.7%

X 6. NextDenovoE

o] &3} De novo assembly

NextD — NextPolish-

Step NextDenovo NextD — NextPolish purgeHaplotigs

Contigs number 789 789 712
Contigs length (bp) 970,482,743 970,275,184 965,181,431
Min length (bp) 6,906 6,909 10,589
Max length (bp) 15,938,855 15,935,986 15,935,986
Average length (bp) 1,230,016 1,229,753 1,355,592
N50 (bp) 3,857,535 3,857,672 3,894,822
N90 (bp) 660,190 659,215 699,260
GC Ratio (%) 42.12 42.15 42.15
BUSCO actinopterygii : ng?g%ls;?ff:;%{f_?:j{:

O HI-C 4% #7tste] 44779 L5} 29
- HI-C 242 B4 A4 ARe =S 49 Adsg 1 2% A
o] 98.89%E AtAste= e 2470 ¢ ScaffoldE Flstoh (£ 72 19 17).

A A
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¥ 7. Hi-C scaffold 23

Number of sequences
- Scaffolds{pseudomolecule) No.
- Unscaffolded contigs No.
- Contigs over 100kb No.
- Contigs over 1Mb No.
Total length (bp)
- Total scaffolds length
- Total length of unscaffolded contigs
- Maximum length of unscaffolded contigs
Minimum length
Maximum length
N50/ L50
N90/ L90

N no

640
241

965,181,431

10,589
15,935,986
3,603,660 / 72
627,209 / 310
0

80
24
56
60
25
965,249,031
954,491,458 (98.89 %)
10,757,573
1,308,799
10,589
56,887,322
42,577,980 /11
29,413,002 /21

67,600

Sa22185 Post-Scaffolding Heatmap by length, chunk size = 364283 bp

1 ' ¥ i P P P ¥ ¥ v H i
¥ P ¥ i i i i ¥ ¥ i i i
¥ P ¥ i i i ] ¥ ¥ P I i
000+ 4 ; o L

20004

log10 fink density
3

2

13 17. Post scaffolding heatmap
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O A E=" A
- Long read assembly®} Genome polishing ¥ Hi-C 42 EdlA =2 ALE9o F4
A AEE sttt 2 43 <F 965MbE ol F & 80709 ScaffoldE
AA A 9889%E AASE e 24719 Scaffolds 91T & AU (2¥
3). 15 A£3}9, Gene annotation &Y< 3P o HolH, 7= s %
FroA HEATFE FAMA FF A7 Folg st WA HoAgd FH

U grol otz o Qo)

24

- 22pd RS FHA Al oA EE " olH7F 24,0009 7N scaffoldZ FAAE ] O
o2 HZE scaffold ME4E Z0)7] $18 Hi-C B4 43

- ¥4 A3} 130 chromosome 5% scaffolding®] 7Hs 3% o1 Hi-C heatmap 41
A3} mapping intensityZ7} Ao 2 Fola] F=7} sequencingS E3F 23 Hi-C

scaffolding®] & 23

¥ 8. 1&F Hi-C scaffolding 23

Input assembly Hi-C scaffolding
Number of sequences 24,174 5,381
Total length (bp) 4,565,684,284 4,567,763,584
- Total length of > 1Mbp contigs 114 13
Minimum length 3,390 3,390
Maximum length 2,102,073 522,212,831
N50 291,136 321,525,813
NSO 89,358 196,668,770
N no g 1,879,300
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@Weste!n Eurasia @Tropical America @ Southern South America @ Antarctic/subantarctic

1% 21. HaplotypeUl E¥13 BA<& &3 S. uncinata
WA ] AF A2l ed #A, Hadena 2012

GmsnomaSoope Frmlike GanomAkcops Friie
o AT s LT, e T, e A LT i 1. T AL WX i T LT B S0 TN TS, N, A3
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a4 22, ESSAEF /A A7
GenomeScope ZEZ 13 A}

- $FEANE FHA de novo assemblyES 98] long read sequenceE 942 F U=
Nanopore sequencing 7IHe=Z @7 IAMEE FHI F pilones &3 sequence
polishing, ARCS ZZ1#& 83 scaffoldings Fa3d A3 918270 scaffold, 4.5
GB 971449<S &R om, BUSCOE genome completenessES FAFsH A3} 99.1% ¢
444 g
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£ 9 FFENE 5442 de novo assembly #H4 Q%

Step 1. de novo L .
Step 2. polishing  Step 3. scaffolding

assembly

Contigs number 25,119 24,174 9,182
Contigs length (bp) 4,554,945,758 4,565,884,284 4,567,383,484
Min length (bp) 3,390 3,390 3,390
Max length (bp) 2,076,101 2,102,073 6,715,414
Average length (bp) 181,335 188,876 497,428
N50 (bp) 285,567 291,136 1,260,583
N90 (bp) 85,542 89,358 302,199
N's No. - - 1,499,200

GC Ratio (%) 45.53 45.53 45.53

BUSCOs V4 Eukaryota 97.2 99.1 99.1

(3) d7U£ 1-3. FA 8AAEY HEAF SolByy R
O ZA wAEAYE3Y (Polar and Alpine Microbial Collection, PAMC) o A &Eofuro
3063 @ FollA eF 800 #F° Wt FHAE TR

HL tlar B 5 ! ]
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1 DA FRE Bacteria gram pesitive B W4 4B

Cone. Val Total

Lane Sample  ngiul) {uly {ugl
24 350 T00

2 Sail b 2000 140

i Sediment bk 35 142

138 24, =

O PAMC HWEA] & fosmid library X
- ZgEE vAE FAANE o)Lt BamHIS ©]£3)F size fraction =74 A4 ©]% En
pCCIFOS vectorE ©]£3}o] Ligation/Package & infectionE ®HE 2

=]

repair ¥H-& 2

Alste] glolH gl & SH T
AA library titer+ 87,000 clonesE & H (using 384 format plate)
library =olA 1270 clones random 3FA] A 3}e] Notl cutting ¥ insert size

A A3 W 29 kbE U H

A MAEAALA] v E B

_38_

M i sdder
Lane

1-3 DA Tyl loadng

d

=

= =

= 1



Fosmid library construction results

Sample Ava I;T bz Tﬂt:I':m
lee i 23000
Sail % 54000

Sacimang = 000

v ICE_|ngart cize S

* Soll_insert size B

* Bedimnent_Insert sizs B B O Y fragment BHH

- S48 5ol &4 AR AF B =5 vEAE DNA F22 Y Z2EZSS &Y

- HEAE Bolude A8 fosmid WEHE AQat

3 WERRE 2elEyEE Al
.
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(a) 96 well liquid handler

O ZA WEARe FHA B
- 34 AAN RS WEAE

A A2 slgate ww 2

- AR s JEE

Metagenemte Wbrary &L

sample

fosmid library

microorganism in extreme environment

A % EAl s ehelH e A&

=077 QA HEAE golnae A A

°] 3D pooling FelE &= Az

(b) 3D pooling

Column pool

2g3he] $7 Hol4
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Metagenomic Library | =} Metagenome =21

sample fosmid library bacterial consortia  target enzyme

O}

O A mAE PAMC #F FolA lichen® afjsFollA 2l ® 27559 M= FHAAE
o] &3ste]l S HEAEF #olH el AZ

PAMC mAE #3F 275% (Lichen 128% + &4 2 1473)] gt cell stock 0.1

mL< poolingdte] %2 DNAE F&3. (AH S 4F viwd PH=E F3)
GEE vAlE FHAAE ol&3ste BamHIE ©] &3t size fraction 27144 ©]% End

repair -3~ 2 pCCIFOS vectorE ©]&3}o] Ligation/Package & infectiong W=

Alste] golBelg] & SHE

A library titer= 10,000 clonesE <X (using 384 format plate)

library =941 1271 clone & random 3FAl A 3la] Notl cutting ¥ insert sizeE =

e A3 F3 31 kbE el

O FA SAANE(EF ATHAG7IA FHe] o7l ZAEYS) Fdll WEAE eolHelg

17 A 2H(384 plateol A 10,752 & o] &H)
- "FF AFTHIINAY FF o7 ARAA ZAEYS AHT F ESFANEE &5

473 FAA (A E) = SR

i
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- library 3ol A

grE B4 fAAE

200 mg ©] EYAEE A4l 86 g9 NERZRE EF DNAS 33
g o]&3lo] pCCIFOS vectorg ©]&3te] glolH gl g FHT

A A library titer+ 10,752 clonesE & H (using 384 format plate)
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Icefish —E =-up-up-md-mp-—-mp-(u-udp-m)-m)-md-¢u-mp-ump ) ¢u-u < 4m-4m-gmmp- =P (765 kbp)
lce_000281 mip1 or zpe5 zpc5 zpc5 zpc5 zpe3 zpe5 or  zpch zpch zpc5 zpc5 or zpc5 or  zpe5 zpe5 zpc5 zpc5 zpe5 zpc3 zpcs zpc5 zpe5 or prmtl ap | 18.2pe5
: <5 - (67 kbp)
GroupX trpm4
L Takifugu —— (82 kbp)
Scaffold_438
Platyfish - 3 (56 kbp)
{cnromosome 16 pex12
Medaka 4= — (56 kbp)
Chromosome 8
L— Zebrafish - ~— (60 kbp)
Chromosome 3 pii
¥ 52, 93 olReMT @ sohud fAEe Aw W 9454
Id4H 32, 9= o MYt WAFE dHoTWA A A Al & A &2
32 e
S dd

O A¥E B4 A% FAA] FPARA AL B 5 71
-G o] Aol AE Wl A BAE BHAEE HHH
7

};z_:_
2 ¢z Superoxide

Ho7 F4" FEi sod3 FAAE @5 Wolvt

g 5% AA T

gl AxmAlA F ety sod3 A7 g

- o]o] CRISPR 7]1&& &&£3l sod3 gene knock out zebrafishE A #sled sod3 FAA}

9o
o =2
93 #4 W H8el WA 9% FEE oY

Icefish - = = =

Plasma membrane —~4=
lee_000015 synpo slc sk sic dhx15 sodd sod3 sod3 ccde g2

cLes 22a7 22a7 22a7 149
e 618 ‘ oy Stickleback @7 — | 4m
o Group IX psmds
c '
v ey
i
H o - S = Lakitn o . - = -4
S oy 2y Chromosome 17
{j / H,0
e r\N‘O S0D1, 4, 0, 1 MAPIK
uikes Platyfish —dm— - — —d=m md 4w
; @ i Chromosome 5§
O, ———H, (7
SR TF | [ Pre &'m] PTKs | MAPKs
CPX, (eg, NF-x8, (eg., (o9 9.
HO HIFG, AP-1, PTEN) S ERK. HEp— iy —
£ NRF, HSF1) i 538 MAKP g:daka —dm = * ‘ 4=
INK), romosome 1
Apoptotic pathway §
Desod on siickancs. survival, growth, metabolism
g and olher calluior processes \— Zabrafish =< <= = 4u 4=
Aging Chromosome 7 pparoc

19 33. SOD #4A# 7159 EA% (Wang et al, 2018) ¢t @510 A& W
oA ¥ FAE sod3

(2) AFNE 2-2. FF2AF) AY 24 F¢ A7 o
O A7e WeA
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FUE 2-4 TFE AR WS 98 TAAAA L wuA @ 24

=

o =87 ;%%erqoﬂ Zhget= ADF frdas &d 24
1 ADF(Actin Depolymerizing Factor)&= AlX W A& HlE F#

22 deHoE WA HEY FALEUS HSEE w0t AR <A
%

715 AAHA ZEO ZiRbste], F=FAE2] ADF 42 8 & s+,

32
o

£ 10, $SFEAENA 223 87) ADF 24 A% Pu
CDS Amino . Molecular
Gene Name  Group AcI\cISs}:iIon Length Acids Iso;(ljgirlc Weight GRAVY
(bp) (aa) (kDa)
DaADF1 C MW§818093 420 139 5.28 15.94 -0.371
DaADF2 B MWS818094 438 145 5.43 16.78 -0.467
DaADF3 E MW818095 429 142 441 14.74 -0.263
DaADF4 E MW818096 429 142 5.42 16.14 -0.574
DaADF5 A MWS818097 432 143 8.73 16.40 -0.300
DaADF7 D MW818098 420 139 591 15.96 -0.381
DaADF9 C MW818099 420 139 5.62 16.08 -0.540
DaADF10 B MWS818100 465 154 5.22 17.45 -0.478

Abbreviations: CDS, coding sequence; kDa, kilo Dalton; GRAVY, grand average of hydropathy
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O FA mAE f8 LEA(Late Embryogenesis-Abundant) &2 &

- =SA A EAA TAEE LEA @ A4
3

>WP__ 068336373 [Hymenobacter sp. PAMC 26554]
MKKLIILLTIIVCFFEFNCKVKEKPEFLRVENIEVTDSNSKFIVLTADAFFNNPNSVGG
KLETEGITITVNDIEVATVSSEAFDVPAKKEFSIPLSANIPTNKVLNLNNLSGLLNS
VLNKSMKVHYKGIKYKVFGFSYEYTVDETENVKIKI

>WP_ 034057846 [Lacinutrix jangbogonensis]
MSIFRLFIRRVALLLPVSGLLLASGCTLRETRQEGIPAVEPRLNVRAVEQASLGTL
DVLPLRTPADVDLPRRNQLIDGYVNKNLPLKMRLRLNVYNPNLEPIVITGLDYTV
LVDNKELGAGRMPLVLELPPRDSVRVPFSFELNTYKLLGTDALPALRNFALGFG
DLRRQRVTLRLHPIVRNARGRLSTLIRRGPLPLASRAKAGPASVEADSGGKVAKP
APQAL

>WP__ 052172585 [Psychroserpens jangbogonensis]
MKKLIILSTLVITFISCSVKEKPEFLRVENIKVLESTSKTITPTADALFMNPNDIGGE
LRTDGIKVIVNGNEMASVSTESFKVPAKKEFSIPLRADVPTDSLFSDKSLSGLLGSI
FSKKLKVQYKGDIKYKVLGFSHTYAVDETEDVKIKF

O ©@uid Bz &4

WP 068336373 WP_034057846

: [t =t St —|

s

g

WP_052172585

. W

=

oY 44, FA v4E f7 LEA ©9Q 359 exd

& H2AE A3}

gt
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O @ A

»WP_D6H336373 [Hymenobacter sp. PAMC 26554

19 45, WP__ 068336373 [ Hymenobacter sp. PAMC 26554]

WA o] A A

| »WP_034057846 [Lacinutrix jangbogononsis]

—
M

=Rl e % oy

1™ 46, WP_ 034057846 [ Lacinutrix jangbogonensis] T

e A A%

>WP__ 068336373 [Hymenobacter sp. PAMC 26554]
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MKKLILLTIIVCFFNCKVKEKPEFLRVENIEVTDSNSKFIVLTADAFFNNPNSVGG
KLETEGITITVNDIEVATVSSEAFDVPAKKEFSIPLSANIPTNKVLNLNNLSGLLNS

VLNKSMKVHYKGIIKYKVFGFSYEYTVDETENVKIKI
>WP__ 034057846 [Lacinutrix jangbogonensis]

MSIFRLFIRRVALLLPVSGLLLASGCTLRETRQEGIPAVEPRLNVRAVEQASLGTL
DVLPLRTPADVDLPRRNQLIDGYVNKNLPLKMRLRLNVYNPNLEPIVITGLDYTV
LVDNKELGAGRMPLVLELPPRDSVRVPFSFELNTYKLLGTDALPALRNFALGFG
DLRRQRVTLRLHPIVRNARGRLSTLIRRGPLPLASRAKAGPASVEADSGGKVAKP

APQAL
>WP_ 052172585 [Psychroserpens jangbogonensis]

MKKLILSTLVITFISCSVKEKPEFLRVENIKVLESTSKTITPTADALFMNPNDIGGE
LRTDGIKVIVNGNEMASVSTESFKVPAKKEFSIPLRADVPTDSLFSDKSLSGLLGSI

FSKKLKVQYKGDIKYKVLGFSHTYAVDETEDVKIKEF

O LEA wuia A

WP_068336373 WP_034057846
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ekl I"-"— —-hl-" Loal “'I
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| Ul G T R e e R T e 4 [T SR e N e o i ]
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WP_052172585 b [FTE

1= = = =
e ol wrhy delA Udg 34 fd LEA Bude] 054

2l 2 <
sl A4 H2EE AAE (19 48). N-terminus FE2 A9ty BE o

- LEA 9¥2e 254 obulinit vgo] B FANE HsE A5%E @ 054
=N
-

4] Hydrophobicity score’} WA UeEld, THAS EX E4o| A% hydrophobic patch

2ol WA AAA EdelA WA detues Aoz #ld AR =A

LEA 9948 §3l57h 52 202 o4y,
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ProtScale output for user_sequence

Hydropath. / Kyte & Doolittle

Score

ProtScale output for user_sequence ProtScale output for user_sequence

Hydropath. / Kyté & Doolittle

: f\ ”n = |
f / )[4 WW M/MW

80

Hydropath. / Kyte & Doolittle

100 120 140

WP_068336373

WP_052172585

WP_034057846

138 48, WP__ 068336373, WP__ 034057846, WP_ 052172585 HAA A Fe dhsh
ProtScale 44 e W W A3} #3E (surface charge distribution)

- LEA ©igo] wdg W pZRA [EFA hae gE H2=3 1 S 71A
Ao Z7ko] Beta barrel §ElE o] F I A, barrel ¢EL A2FA ZAUE A EH
Jo] AAF Fx kSl 7|Asl= Al E AGHE (1" 49). E35], WP_ 034057846
G e] A ME F7H F23EHA &2 FH (unstructured form )& 7HAI AL &=
H ol XAy #A T Fx FJEY FEF g3 YEls ASE oAH. AT o
FE2 LEA @i do] ApE0 7 2835 u tE diAS 2Asl= FEY Ao
F=4.
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WP_068336373 WP_034057846 WP_052172585

198 49, A 3 LEA @ gl e 3% N-terminus®t C-terminus FES XA
stl v g Moz yebfi)ls. WP_034057846 o] fx38tEA] &2

T Z (unstructured form )= W7 o2 F A

(5) d7HE 2-5. AERAIE 2 2R HE 7|9k B8 FAAT &I
O F= o714 "HEdH ol AAAY ALY F8 FA<A Terpene synthase A
g 2 AT E ZEYE B
- 9T wlgol 719 GAA DB (Su ver 3.2 Genome DB)oll Terpene synthase -7 At
9] conserved domain Terpene synth  C (PF03936) % Terpene synth(PF01397)&
query® 3] blast S 3 Ay I WRHo 7= F 8% SuTPS (Sanionia
uncinata Terpene synthase) FA27F 248, 0159 coding sequence % genomic

sequence Alole] B E Ea FH2 FRE

¥ 1L 9S Rl el 2AF 859 SuTPSe] f44 Fu
: = 1 e cns Aumning Isoelectric A toderuin Comreerved domasn
Goons Neume  Genonoe scalfok] Group Leugili (hpy Acculs (aad Foanr Wt (KD | aeeessay o e
. Terpeme symih_C{PFROIS3E6)
E | 5547 ] 7 .
SuTPs] Samd (060 Plamt Type 25 &40 S0 D649 Terpene sveth(PED397)
. _ . - - Terpemé svolli_ C{PFOI936)
SuTrsl LSamA 0060 Pleat Types 13317 2 4 B03 LER k] Te F_\"MHI'FUI.“?."I
. Terpeme synih_C{PFO3S56)
J T & (87 K &
SuTPS3 Samd 0080 Plaet typee s 1449 5.08 165454 Terpens sviiPEN| 397
TS Bamd, 0122 Pl 1ype a2 A4 TR LT S8 PEYV{PF045)
A . z: SQHop cvelase C{PF13243)
SuTPSS Sand 006D ol Ty pe ZIT1 157 6212 BS 39T S0Hop cyclise F(PF13240)
SuTPss S, (ORS Wom-plant type 674 124 L350 24 808 Mane
SaPSsT Bam A (OES LB TRE RN TR | 158 16 | 596 iR 55 Miie
SuTPss Sam 0003 Pon-plar type (LIER] 144 o 000 3R T Mang

Abhreviations: TS, coding sequence; bp, bise par;, kDa, alo Dahon

_55_



[y = & mef Facwme g m Tahl

BUTPRT  Baaid i B B EHH I EE ... famia GHan
fedim
Teid P TR Skl M ). I I l I I g < S ST
it = '
8 H4Tre
it s s RITN [T Y I
' A
o i
O T pp—— [ IR ] Lamt_CLEW
i -
-
BUTEES  Seia O LR SR SRR FIRi iR E R 000
'III'|' "'.Il-
.
.
EuTFEE s oL ] B A | [ -
FTrr-
RaiTPET el PSS i L5 TP
——
LTFEE S ] ] (1} _— 3

a9 50, "= UWHEoZAAM wHd" 8F e SuTPS #FA A

exon-intron +=

f

- Mej 2] 52| terpene synthase?] 749, plant-type terpene synthase 29l % bacterial -
type terpene synthase® 7FA13 Slol &<1d v U5, ol#g 5Ao] = wtrld
0]7]¢] Terpene synthase A% Ve

- As 24 A3 8719 SuTPS FAARE= 4719 plant-type SuTPS % 47 €] non-plant
type TPS 2 FEHACH Tyt FTOo=HE gld TPS homolog FAAEH 3
st4 fFrAdAE &<

\
| R |

1
VNG e

kil 1111
S\,
) 2 V,:'J'
- 7
Flaiil-1yjie TPS . e e Plam-tepe THS
e
= e
== i e
== — [ A
—— & ___-— : ArTendurm
= ! — T
— = Ok
= == 7] L=
e — s
H"'""_.' i . L] b
i = ] Livevwean
i o =
AT [] Ranwsa
A n
; _.-‘-":"r-. T |,|-|'|'."\-"." % & Fro
Jidf --',-,'.II.|.|]IE...H.I1_ - I resw
I |I| . rarpy

_56_



SxTPER

Plant type TPS

[T

o b T AT B <
X 0 o oF IR MM
5 s = o 0 do No
¥ o)) ol To B o ol oy
oy b T CIECIG S
WG e
o . _ — — X
i ‘ml @r O#E X m ) O._w_
2o O Jo 3 T

°0 % O N T = F
rilly ey 11 mmE v Z..* :.AL ;.OU ‘mﬂ
-3 - : = " - iy
: ) A wr Al LR

s = ol < G oW
= - No o) T T X Eﬁ o o
..... ) .O N -

: 5o R W W g = f &
" 3 — B o o = = oo & T § ® J
i, S g age_s“maw = SE=
< H] x 2 g NI |
w XAFxE XTesk Vg
. Koo o~ 8 = A X T =
.... L B A4 S =D um ® o
=z - e T < g 2
& | =T oy TP g M oS % " Koo 0.
| S — B Jo & e = - T X ojp
3B — wna)ﬂm BN R > B
- i - o nnlvﬂ [O) - ‘mﬂ ‘mwu ‘_NE ‘_IAA_VH X fiTe)
— o = I 4!

Cr s ¥ Lk iTE RWEE 4T g P
b A o Mo 8 W5 T o X T 2o N TF
= m X = oy O w " X°
- o 3 S % oo E oo A o
X P 2= gw_ 4 = i

= ; 5 293 £ &Yz E vz Ll
1= £ S = 7 2 g &2 o) BT © M %
= ! vl © < T ﬂ.mE a —~ —_

g | B TH O B . NS =0 N o o= X

g e - N o = n 1! o o~ A N = T
X T O 9 o X &) o = oE

Tewmo s €ERT T =
oo S ~ T N4 o <0
= — I M N m R R w

| \WU T ) T QﬂO () O_D — —

\m; o J_l s~ % 0
Wm0 o) L B @ I
o s N W L T BN

|

(6) &
I
A]

_5’7_



\Ubi:DaADF3
| #A

o
S

®
S

o]
=]
L

I
o

Cold Survival (%)
*
%

N
o

C
<14l
% *x - .
- 12
o
210
£ 8
g
5 6
)
=
2
5
2 2
s
S o
W A B C
- D
Ubi:DaADF3 Z
i 30
#C wT

25 Ubi:DaADF3 #A

S = Ubi:DaADF3#B [

£ 2

s = Ubi:DaADF3#C

25 .

2 Tk kK kK *k *k

s 10 z T
5

5d 10d

19 53. DaADF3 Athdd ® JdFdaA 589 A
2 AAoA H=Ae FeH Wst B, AAY F AEE C 954
gF D, ol &EF

ol
HlEo]l HE =2 Ae E W d"le] &S 72

ko] A= Wil A

WT
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o Stx)

2 |
- - GFP ; F-aCtin
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O A4 Esterase &4 ©BAl 3= AAH(WP__068632277.1 [Variovorax sp. PAMC
287111, WP__062000720.1 [Burkholderiaceae], WP__066282381.1 [Frondihabitans
sp. PAMC 28766])

- Esterase 2% X34 ¢85 (WP__068632277.1, WP__062000720.1), =% 24 &

O Zg2g Ea Ao sad 2=9 w2 ([sPETase, 9ACTN esterase) & o} =4k
M FAME S Holes d99d T RIS FA] vAE FAANA &4
- B Z8t2~Y E& a4 [sPETase, 9ACTN esterase

L

- Bl BA9F 30~35%9] otvliAt A FAME S Hole SA mAE fd SR

A A z—]

1]
3l

=

- 75_@_ r;]-un;d_/] Ll Eﬂ.}:E =t

Ry

g A

ol
-

=
- X-ray crystallography & &&

O @d ddg fls) FAE otver A<

>WP__068632277.1 [ Variovorax sp. PAMC 28711]
MTDSIKTLSAHRSFGGVQHFHEHASREIGLPMRFAAYLPPQAEHGKVPALLYLA
GLTCNEETFMVKAGAQRLAAELGIALIAPDTSPRGAHIDGESTSWDFGVGAGFYL
DATAAPWAPNWRMESYLVDELLPLLAKTLPIDGDRIGVFGHSMGGHGALTLAL
RHPGLFKSLSAFAPICAPTQCPWGHKAFTGYLGADTTRWIEHDATVLMQHQPV A
PYPAGILIDQGLADKFLAEQLHPHLLEDACRAIGQPLTLRRHEGYDHGYYFVQSFM
ADHLAHHAQILNGAIGRPAARQP

>WP__062000720.1 [ Burkholderiaceael
MLELVEEHRCFSGVQRTYKHDSQTIGLPMRFSVFLPPQAAHGKVPALFYLAGLT
CTEETFAIKAGAQRFASEHGIALIGPDTSPRGAGVPNEGAAWDFGVGAGFYVDA
TQEPWARNYRMYSYVTQELRTTVLAELPVREDRLGIFGHSMGGHGALVLALRN
PDIYKSVSAFAPIAAPSHCPWGEKAFSGYLGDDRETWKQYDASELVKSAKTKED
AGILIDQGLADNFLATQLHPEIFEAAAKAAGQAVTLRRHEGYDHGY YFISTFIGEH
VAFHARTLCA

>WP__066282381.1 [ Frondihabitans sp. PAMC 28766]
MTDDILSPVLQDLLDSVPESGPVSTGTARYAEGDSELEGYFAHPVGADGPRPGVL
VLHDWFGMSDHVRVRAQMLARLGYVALAGDVYGADVEVTDGGEAQAQAGRF
YGDPALFRARVKANLEALRADPAVDSSRIAVMGYCFGGSGALELARTGEEAAGF
VSFHGNLTSGAPAEADSIASPILVLTGADDPVVPPEAVVAFEDEMRAGGADDWQ
IVSYSGALHAFAVPGTNSPEHGAAFDATANRRSWRAMRDFFDEVFEFA
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WF_,WH‘ pp— “_ﬂﬂﬁﬂ.lﬂ'd 1 W T

ES'C 2L AL

198 55, WP__068632277.1 [Variovorax sp. PAMC 28711],
WP_ 062000720.1 [Burkholderiaceae], WP 066282381.1
[ Frondihabitans sp. PAMC 28766] @i de] 2 oy HAE Ay}

O @ A 2 243}
>WP__068632277.1 [ Variovorax sp. PAMC 28711]

T e e

] ||:.|'.'

1Y 56. WP__068632277.1 [Variovorax sp. PAMC 28711] % Z 9]
AA AN} 2 AHs 27 H
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>WP__062000720.1 [Burkholderiaceae]

PSS,

¥ 57. WP__062000720.1 [Burkholderiaceae]
gl A o] JA A 2@ AAst 28 H

>WP__066282381.1 [Frondihabitans sp. PAMC 287661

- omele A B B fE X - wd xd oA gofole

O Ha9 3RA TR

>WP_068632277.1 =WP_062000720.1

Ser151

a4 8. WP__068632277.1 [ Variovorax — sp. PAMC 287111,
WP__062000720.1 [Burkholderiaceae] @ & o] Atz B&F

O WP_ 062000720.1 [Burkholderiaceae] = 4 (S-formylglutathione hydrolase) ¢F th&

FAF WA o) obuie i A
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I Multiple sequence alignment

wl i -
-—- — l“ - \m\t‘w-r AAR AR

- HEFEH R R

- —m—n“—-—tw nm

B [T

=] e
: RiniicrBeas 1e-uishes

| pemaiEl § v

¥ 59, WP__062000720.1 [Burkholderiaceae] ©¥ & M Izt 7]=o] d#H A
FAF S d Mg MuE T & BEH &%), conserved Cys 7] B
motif &<l

O WP_ 062000720.1 [Burkholderiaceae] &4 9] A4 2343}

I Enzymatic assay -substrate specificity_esterase activity test

Subsirsis wpecificy
=
o

£ iy .r"l'" 130 (21

f. | )

i —

l - O & M - _J b -

~gae 1 et arial
0y i

i I 1 AT p-nitrophenel

E] D = { I F‘ﬂhm‘Fh“"ﬂ acetate h""“’l"’h il i Tacorn . i
P nlaaliate

-5 pare-wsvepheny] eder
"N T e NBUTA, NS, NN - SR
“puresing| | pemsrmphenel | desecied o

I8 60. WP__062000720.1 [Burkholderiaceae] &A+v &S Zolg
para-nitrophenyl acetateo] 73t &A1 S H 9

O WP__062000720.1 [Burkholderiaceae] &4 2 =¥ pHE A HlW
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I Enzymatic assay -Temperature and pH dependent assay
|

| Oplimal pH_vl
_ - Sodus e

- ¢ m & Sodu= shoghas
- ;" » TrahC
x . im & (HER
F
b {* h
e | i'_
B i [T e —

i I R O A N

EEREEXL ! g

T aturs (1] i

19 61. WP__062000720.1 [Burkholderiaceae] &4F 455=¢F pH 8 oAl 7}
A

e EaBHS MY

O #4593 (Molecular dynamics) 475 F3 AWgAGN A 1B 21 ¥
- ZEA APV EL AR 98 NE ATARE FB, = 44 3

(7) @FHE 2-7. &4 29d 75 718t §& F34 &4
O &4 714 mA 42 A 712 S o] &3 HTS(high-throughput screening, 2 &8 2~
a49) A" F5
- CAZyme &4+: ©%H(cellulose, chitin, xylan £) 7}<FE
o5t A4 &4 B BEA 24

o

b}
ofl
)
o

T
olo

o

R

- Lipase/Esterase &4 +: olive oil << tributyrin 5°]

A p-nitrophenyl palmitate(pNPP) 59 #4712 & &83to & g4,

Fosmid library

24 Sareening — =

lipase screening cellulase screening xylanase screening NEW enzyme or protein?

a9 62, A WERAE T“Jrc’]‘j
screening, 2 a2&238Y) A~
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PiC-T_ON PIC-14_H12  PIC-14 EX  picas Fay) PICI9_ATE PS0-2_i10

BICAE_EN(@)  PSO-20 PAY)

19 64, A WA E fosmid helE 2] ZIube] &4 tFzigoR
gRH £ 74

- 1AL 2, 3Apd )M 758 =4 WEAE fosmid shelE el 7S] E4
gl d fA F 2252 EEee. 3AERAA EEd Ve 24 % 2E AL

ZE 1659 F4d4 JEE KPDCol 55 ¢33+,
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- 4 g4 9 AZES halog 7HA= fosmid FE& o RS insert DNA
9] end sequencingZd¥}E EWZE PAMC #4A AEAA FZA matchingd #& &
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- PAMC % DB +4< F3lA §HE {12 FolA putative lipase genes
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ContigClone Class(LED) Family Secretion Name PutativeOriginin GenBank

[

i

BRI O

F
i

Annotation of the insert sequence

PIC14-H14 (contig_37) PS02-110 (contig_8072)
caLAl CALA2
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(e | SO YT e

b oo et el 8 f——

Doilain dcaiie Bes P E o B e
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AT T
[a—— -
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19 66. Lipase CALA homologue A2 multiple sequence alignment (MSA)

O x| mAE F7 SSB (single strand DNA binding protein) ¢ w2 £z E24
- SSB @A BE AYANA HA|, 5 E AXY 5=

= 39 DNA iAol
A G goln], W de] Besss 54 olgdtel FANEG ApelA o

[e] .
Gl B89 Al Lacinutrix jangbogonensis PAMC 27137 o] A Ao A A

Q]
JE o)
SSB ¥ AL ggdelAel HF wde HFAov, AxF wNae) B4 AIS
Fotel AA BE AEHS FAF ek WA FREHS Folo] ¥4 £

AHe BY AH A7E FARAL.
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database(Mascot, ProFound, MassSearch, MOWDE, Prospector, Peptide)<}<]
matchings &3l @& $HF 75 +X 5

- BuA Ayo] BEHOE ASHE TAAE ATEAH AuE S st fAN
Fol A MG e BRI ¥ ATYS
A (MALDI-TOF/TOF, Q-TOF, LC-MS/MS, Ion-trap MS §)=< Z&3l9 H&3

o aeAe =Rt &

o
1

(9) dFHE 2-9. 715 @4 E 29 A=EUH ANUA 25 HAF
O 9% wWste| W& G5 S74F/(T. kingseongensis) ] #d FHA ¥ F4
- AEx2E 482 (Na+/K+?ATPase alpha and beta subunit), 2E# 2 ¥k-& F2}
(heat shock protein), 3¥+4Fsl 74 AF(catalase, superoxide dismutase, glutathione

reductase) 5 &d 71 g9l

(10) A7 W& 2-10. HE FAE 2
O ALH AR ArEa Ex 10F B AF
- 3% W A 9 1F 99 4% g

il
- Stenotrophomonas sp. 8 A ZA7bpRalase] dwid AAsE L4 o4

(11) d7HE 2-11. @5 A=Y 5 873 FT F429 715 £4

O  Superoxide dismutase(SOD)&= ®E|E|olFE A77EA] dj & AA W E=A3t=
Ak akstaam AWl A T E AR AA F 28 Jlee e AL
2 dHAY, Fas FALo) P23 zas 2 FE YA wa SODI(Cu-Zn
SOD, Al2Z4), SOD2(Mn-SOD, "lE&E=g¢}), SOD3(Cu-Zn SOD, Alx<eF) 37}t
A typel 2 74
- AlEzoel A BAEE A ol sodl, sod29t WSl 71T H A EUY gsto] wol
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Col ecotype

SuTPS7 WUY

Amorpha-4, 11-diene (93 %)

2

°
449 Line 1 Line 2 Line 3 Lined Line S Line 6 Line 7 Line & Lined
SuTPs7 U YEUEN

» 1 3

\‘ /, ”

Yo

Amorpha-4,11-diene (95 %)

Germacrene B (90 %)
4

Fr-2 SuTPSTOE #4
Fr-2 SUTPS7OE #3
Cok0 SuTPS70E #3
Fr2Wr

Col0WT

Blank

259 260

Fr2 ecotype )

g

8

SuTPST WHY

8
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4-epi-alpha-Acoradiene (84 %)

279
min
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Op4Y  Linel Line2 Line3 Lined LineS
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O FAHAE F e Al esterase®] FXaA 2 EAR] ALE T 7154 &4
AN B 2HAl (esterase) = T f71&mel tidh =2 WAAH FHEEHAF FF 9
Ao R Fae B oF Y H AEFu FAE] HAHAAE AHEE
T Ae
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Acyl-binding pocket

Alcohol binding pocket
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Chi angle of T79 (52) Chi angle of T82 (55)

0.05 0.05 — FAiBP
mFABP

0.04- R 0.04- IS
g 0.03 = 0.03
£ =1
3 3
2 0.02+ © 0.02
o o

0.01 0.01

ooc I. T T 5 1 1 1 L] L 1 ooc ] ] 1 1 1 Ll Ll 1 1

0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 280 320 360
Angle () Angle ()
Chi angle of T245 (225) Chi angle of T248 (228)

0.05- 0.05-

0.04- 0.04
£ 2
= 0.034 = 0.034
2 a
o 0.02- © 0.02-
o o

0.01- 0.01]

0.00 0.00 T T T T T T 1

T ] ] L] 1 T 1 T 1 T
0 40 80 120 160 200 240 280 320 360 0 40 80 120 160 200 240 280 320 360
Angle (') Angle ()

19 98 FfIBP9F &dwe] @ujde] A543 ofninqtbe] Chi 2= #4
2

(8) AFUL 3-8, LA esterase &4 X B4 L A 435 #A #9
O S-formylglutathione hydrolase (BuSFGH) (Burkholderiaceae sp.) ¢ A 3}3+%

714 Eoly ¥4

[

3

- BuSFGH® &9 W Z7] 9 & 3a™ FJeE &3] s Z7] wiAl ZZvtE 1
3] (SEC: Size Exclusion Chromatography)E& °]&3le] £35S, AAE BuSFGH

= ARviEIHY WY ol&3 A 51 kDad EAFS UEheH

ol=

BuSFGH7F &47ell Al o] Al (Dimer) 8 SAgth= A gug 24 FXRAAE

VaSFGH®] Bl strand, B2-B3 loop, B9-al2 loop, and al2 helix A o] o]FAE o] F

(]
AE ol2T Y= AL FAsAS (TY 99 LT 100),
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BuSFGH :

OaEst

HSEStD :
SfSFGH :
PhSFGH :
AtSFGH :
ScSFGH :
NmEStD :

BuSFGH :

QaEst

HsEstD :
SfSFGH :
PhSFGH :
AtSFGH :
ScSFGH :
NmEStD :

BuSFGH
QaEst

HsEstD
SfSFGH
PhSFGH
AtSFGH
SCSFGH
NmEstD

19¥ 100,

I B

: NYB- 2S!
: KIP--QVFEL

: GYB- INY!

: DYB- EM

: DIG-

: SWQD f
: NQB- K

fFAE A 5
alignment). o]HA 2% H

: 275

EA e okt W71 W A

: : conserved motif
: : Interface residues

: conserved Cys

BuSFGH¢t el o5

of EA) S oA

BuSFGH®] 712 Sol4d<

para-nitrophenyl ester=
BuSFGH+=

p-NAo] o

ety Ss  thyE Qele oldsE
o|gale] B4 AT BuSFGHS 712 So)4
sl b Be B4 AE AL FAF (LY 101).
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Substrate specificity
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40

Relative Enzyme Acitivity (%)
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L B B B e
pNB pNO

T
pNA pNV

pND

p-NP substrate
19 101. VaSFGHe 71d EolAd #4.
carboxylesterase &S #H7tsl7] 3 o E

oA 7 o]l p-nitrophenyl estersE& AME. A8
< =
=

A &<  p-nitrophenols T #AY o=
405nm FFANAN FHAEE FHSS HAE
= AT F A+
100- 100-
% 80 S 804
2 2
2 60 2 60-
& &
g g
B k]
g 204 & 20+
c ] 1 T T T T 1 c ) T ] T
0 10 20 30 40 50 60 70 4% ™ © Y K
Temperature (C) pH

29 102, % % pH Wsle] WE BuSFGH #4 =4

- BuSFGH<®] #H3Z 7122l p-NAE ©] &3t o8 parameter?] W3l &oA A4S =
A3t A3, BuSFGHE oF 45 . CollA 718 =2 348 HYon pH wE 34y =4
ol M= pH 8AlA HA &S AT (29 102).

O A &4 Esterase(SteEST, Stenotrophomonas sp.) ¢ A 3stz EA B4

- Esterase™ AF4Q, A#F, 2 AlAl AFolA B §EE AHEE 7HsAol ==, 53], A
2 & esteases= @ WAl IE HA 2L s 2% AE

7] el AgH FHAA B o)A

Y AL AHASo=

3 EsteraseE 23
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S
=
AL A SAS e 5A4S vRoE 54 dEH o}
[e)
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>WP_ 062170718.1 MULTISPECIES: alpha/beta hydrolase [Stenotrophomonas]
MKATPFELQLDGVRIAGLRAGNPAGLKVLALHGWLDNAASFLPLAAQLPTLDL
VMVDLPGHGYSDHLPLT
TPYTTPQAIVQTLAIADALGWDRFVLLGHSMGAAIASLVAAVAADRVQALVSIE
ALGGLTAPAGETVQRL
RTYVDAMLKLDAKQLRVFPDLSAPVRARMMVNQLSEGSARLLVERGVKPVDGG
WSWRSDPRLMLPTAIRM
TEEQVCDVVSAILCPAQVIYATPAQAYFPEPERSQRAALLRDGRLHTLPGHHHVH
MDQAEAVAAMIRDFI

AELPDAT

>WP_ 083359342.1 alpha/beta hydrolase [Pseudomonas antarctica]
MSTPVEEVRLSLPHIELAAHLFGPEDGLPVIALHGWLDNANSFARLAPKLHGLRI
VALDMAGHGHSAHRP
AGAGYSLWDYVFDVLQVAEQLGWKRFALLGHSLGAIVSLVLAGALPERVTHLG
LIDGVVPPTAAGENAAE
RLGMALQAQLNLQDKRKPVYSTLDRAVEARMKGVVAVSREAAELLAQRGLMP
VPGGYTWRTDSRLTLASP
MRLTDEQAMAFVRRVGCPTQLVVADDGMLVKHSELLSQLPFTVNTLPGGHHLH
LNDEPGAILVADCFNRF

FHAP

>WP_ 064451628.1 alpha/beta fold hydrolase [Pseudomonas antarctica]
MSAPVEEVRLSLPHIELAAHLFGPEDGLPVIALHGWLDNANSFARLAPKLQGLRI
VALDMAGHGHSAHRP
AGAGYALWDYVFDVLQVAEQLGWKRFALLGHSLGAIVSLVLAGALPERVTHLG
LIDGVIPPTAAGENAAE
RLGMALQAQLSLQNKRKPVYSTLDRAVEARMKGVVAVSREAAELLAQRGLMP
VPGGYTWRTDSRLTLASP
MRLTDEQAMAFVRRVACPTQLVVAADGMLAKHPELLSQLPFTVNTLPGGHHLH
LNDEPGAILV ADCFNRF

FSTP
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marker cell oup pellet Flow washing elution Marker ~cell soup  Pelletm Flow  washing elution  Pellet resin

10uQ 5u 1002 through embrane)  through (whole)
F I |

] T T - —

WP_062170718.1 WP_083359342.1 WP_064451628.1

I3 103, AZ @& Esterase® His-tagEs o] &3 AA 43},

- 37}A] esteraseo] Wd % LI =5 Folsk A3 Stenotrophomonas sp. 2 esterases=
gy Lyt =22 Felg Esterase (SteEST)Q Asters EAS &) &
Mok BHOE A2 GRS Qe A7) wWiA AZREIGIE o) & JAE
ANt FE 95% o4 Az duldS 53 (L' 103).

- AAE SteESTE] o2 7HA Astets 542 &4% 23, SteEST= obd717b
712 (pNA) ol sl &2 &85 Holw ofd Zojrl Aojdss e 245 B
(1" 104A). pHel W& &4 FAHoA = pHollA 7HE =& 45 EdS (
104B). SteEST®| A& S gelstr] Slsf vt 2xoA S4E& SH3% 244
S 2 SteEST+ 37, ColA 71 =2 45 B 2571 golyd® &3t
7hEEE B2 dAAE FAEA & =
ME Ao &4 ¥ 50%9 €45 FASEL AYs (I¥™ 1040). 22 M4 "=
E A3 SteEST+= 50, C 453 Fol ¢bd3] dAde 2Aem 60, CollA+= 158 wH
g44<e #J= (1™ 104D).

m
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_97_



(A)

—_
w
S

-e~ 50 mM Citrate phosphate
- 50 mM Tris-HCl
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ZA dd AdA ol

= T X HelHE 52 9
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o

[e3
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(9) d7HE 3-9. A oF Al FEE9 EHYEH

O A o]F Trematomus bernacchii (T. B.) ¢} Trematomus newnesi (T. N.) Z5FF

alcohol % % Alg] &4 9=

)

A7 zxste EtOHE F&3to EtOH

Jg oty
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Antarctic fish Dissection & Extraction Biological activity test

C i o] mlalals]

Pereleli
aisiels win|wE]
sislalo A

SIS | Al
i]..a I‘i.-
AR i P
Ei=i=e '_lh;@

19 107. Alchol extraction and biological test of Antarctic fish, Chaenocephalus aceratus
(C. A.) and Trematomus bernacchii (T. B.)

¥ 14. Chaenocephalus aceratus (C. A.) ¢ Trematomus bernacchii (T. B.)e] AXx¥

Ag o FE2EY A
om = Bl Azx= Ethanol F&& hexane F&&
N2 FA(g) FA(g) A (g)
& 0.230 0.020 0.054
7t 2.710 1.294 0.716
% 17.580 1.882 0.679
Chaenocephalus |5 o510 0385 0057
accer:tus EE) 15.950 1.170 0.169
(€ A) A A 4 6.880 0.221 0.010
27 0.070 0.179 0.045
A% 0.130 0.109 0.004
%3 1.580 0.354 0.092
& 0.040 0.072 0.001
7t 2.540 0.913 0.177
a 2.600 0.534 0.059
Trematomus * 1.820 0.356 0.079
b hii ] 7 3.490 0.163 0.013
?Fm%CC 1 EE) 11.060 0.656 0.067
(. B) A A A 2.230 0.450 0.032
27 0.040 0.013 0.001
A% 0.690 0.115 0.005
& 1.010 0.177 0.004

- WEAEe YFo]F CA (Chaenocephalus aceratus) 2 TB (Trematomus

1 TB: 9, 25, A4x, 1HE 4o

N
t
o
BN g

2HY 7tz CA: 7F 271 g, 91 1758 g, % 1595 g, TB: A2 4

Y
EN
it
o 1 ol ku
>
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Do
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0Q
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ie
oo

-z A L3to] ZAA Ha T 200 mL fEH 47 &4 92 FH
ethanolS 200 mLA Y3 35 23] WHE-35to] A20A FZ3 (24 hr X 2)
- Ao e FEEES o ST A Bol AAFFIIE olLste & E
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- F5H FEEX CA 7129 g 91 188 g &K 117 g, TB: A2 4 045 g, <%
5 0

g
oAF FE=E9 s+ &4 assay WH
JA MG A FEES oy HAE Ao A ARE &
Ad T I3 FAd 70 Staphylococcus aureus ¢ 13 A7 Wl %, Escherichia
coli o thall A &AS T2l FFo] Candida albicansel sl 3t

A F Fol dsides LB A wiA el 108cells =28 &

'l

(ZJ/K ps) Ho]-tg)

O:

oot
™

& 245 &4

.
ul¥ =4

a
oy
e
o
>

22 wxe de F o AdES Esa. EojxEd FEE9 F&=7F 05, 1, 2,5
ug/ule]l HA st HF Ao ® AHEH FEE 42 5. 10. 20, 50 ugel HA &

FEE2 50% DMSO9 =92 W, positive controlZ+ Kanamycin 0.1 0.2 ug/ul®]

=55 10 ul

"

Z3o] C. albicans®l thalA = GPY ZAulA o] 108cellS E=¥3 =
A FEEE FY

Al Aol A et 7ol 50% DMSOel =1 F&&< 05, 1, 2, 5 ug/ulel =HA 3t
10 ul® "Hojxe I, Positive controlZ+ Nystatin 0.05 ug/uls A

TAMA S 372X 16~24A)7F vjkale] T EXFH pmAEo AR ALZ Fog

o<l
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K, Lee JH, Do H. Importance of rigidity of ice-binding protein
(FfIBP) for hyperthermal hysteresis activity and microbial survival. Int
J Biol Macromol. 2022 Apr 15:204:485-499. doi:
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