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SUMMARY

I. Title

Development of useful metabolites from polar organisms

II. Purpose and Necessity of R&D
The purpose of this study is to obtain the library of polar metabolites from cold-adapted
polar organisms and clarify the mechanisms of life and enable to activate the polar

research.

III. Contents and Extent of R&D
The following studies were conducted to achieve the objectives of this research and
development.
O Securement of metabolites derived from polar organisms
- Acquisition of marine life extracts from Antarctic Ross Sea
- Obtaining MS library derived from polar organisms
- Metabolism analysis and structural analysis
O Research on commercialization of useful metabolites
- Ensuring availability of new metabolites
- Mass production system of cold-active protease P66
- Identification of cryopreservation mechanism of anti-freezing agent p-CY01
- Identification of dementia inhibition mechanism of ramalin
- Excavation of lipase enzyme
- Isolation of useful microorganisms and validation of their activities

- Changes in the protein structure of polar copepods

IV. R&D Results
The results of this research are as follows.
1. Securement of metabolites derived from polar organisms
A. Acquisition of marine life extracts from Antarctic Ross Sea
Extracts of 154 microbial strains isolated from Antarctic Ross Sea in 2015 and 2016
were acquired. In addition, we obtained additional 52 ethyl acetate extracts from
fungi.
B. Obtaining MS library derived from polar organisms
ESI Q-TOF MS analysis was performed on the samples of the Antarctic marine fungus

extracts, and 600 significant items were entered into the library. The library



information is stored in an excel database, and the input information contains basic
information such as compound ID, name, formula, and molecular weight.

C. Metabolism analysis and structure identification
The conditions for SPE, filtration, solvent extraction, and solvent partition were
established for the analysis of polar metabolites. Optimal conditions of analysis were
established through various analysis conditions such as LC mobile phase, stationary
phase condition, and MS ionization condition. By analyzing the samples under
established conditions, the UV and MS spectra of the metabolites were obtained and
the metabolic database was constructed by comparing with the literature. Seven kinds
of metabolites were isolated from the two fractions derived from the extracts, and the
structures of three kinds of metabolites were analyzed.

2. Research on commercialization of useful metabolites

A. Ensuring availability of new metabolites
Lobaric acid and Lobastin were found to inhibit the inflammation of macrophages.
Lobaric acid and lobastin inhibited the expression of inflammatory mediators in
RAW264.7 cells. Based on these results, Lobaric acid and Lobastin in the immune
function confirmed the molecular mechanism of immunological function in
inflammation control. In RAW264.7 cells, the macrophage cell line, immunoregulatory
activities of various substances extracted from polar organisms were confirmed, and
immunomodulatory effects were observed in some substances. It was confirmed that
Ramalin and Lobaric acid had anti-atopic effect in HaCaT cells, keratinocytes.

An anti-inflammatory activity of the metabolite 6,8,1'-tri-O-methyl averantin isolated
from the culture extract of SF6796V strain was confirmed. Compound 6796V-53
(compound 1) inhibited MAPK and NF-xB pathway in BV2 cells derived from mouse
microglial and showed excellent anti-inflammatory activity. It was also found that
expression of HO-1 through PI3K / Akt and Nrf2 was involved in anti-inflammatory
activity. In addition, HO-1 expression was also confirmed in microglial cells isolated
from mouse brain, suggesting that HO-1-induced anti-inflammatory activity may also
act on primary cultured cells of microglial cells.

As a result of the anticancer activity test, 12 extracts were simultaneously treated
with arsenic trioxide (ATO) alone or in combination with existing anticancer agent
NB4, but no extracts were found to be equal to or higher than the standard
antitumor activity of ATO alone. In T98G, 10 extracts were identified that they did
not have the same or higher activity than the conventional anticancer agent
temozolomide (TMZ). About 10 extracts were identified to enhance the anticancer
activity of TMZ during concurrent treatment.

B. Mass production system of cold-active protease P66

_7_



Cold activity of P66, produced larger than molecular weight of monomer, was
confirmed by comparing its mutants. P66 inclusion body productivity and active-P66
recovery were increased 5.7 and 2.8 fold, respectively, and method for protein
concentration was set-up. It was confirmed that P66 could be applied to various
industrial fields such as medical cleaners, dishwsahing detergents, and feed additives.

C. Identification of cryopreservation mechanism of anti-freezing agent p-CY01
In order to establish the cryopreservation mechanism of p-CY01 LM, various
experimental results were analyzed and it was expected that it would have a complex
cryoprotecting mechanism more than one during the freezing process. In the case of
p-CY01 LM, it first binds to extracellular water and induces ice crystal growth
inhibition, which firstly reduces cell membrane level damage, and at the same time
reduces water content in cells through dehydration. It also reduces the ice crystal
content of water to be formed. This means that the total amount of ice crystallization
that can be ice-crystallized in the freezing and thawing cycles is reduced by
decreasing the enthalpy change level.

D. Identification of dementia inhibition mechanism of Ramalin
No tin was detected in both tin-removing and tin-free synthesis using acidic HCl gas.
Ramalin, which has already been synthesized by the conventional synthesis method,
can be used as a sample of the dementia inhibition mechanism after removal of tin
using acid.

Ramalin indirectly confirmed the lack of BACE1 promoter regulatory ability through
luciferase assay. Ramalin demonstrated that the ability to regulate BACE1 protein was
not due to the mRNA change by the promoter. Ramalin was found to be low in
BACE1 protease inhibitory ability, and Ramalin was not involved in UTR stability
regulation. Ramalin was confirmed to have no effect on mRNA by three experiments,
and it was confirmed that there is possibility of new drug screening using UTR
regulation function. Ramalin showed that the inhibitory effect on HDAC6 with an ICs
value of about 154 uM to 25 uM. In the case of Ramalin, the PK results of the
animal test showed that the HDAC6 could be inhibited by the exposure. Ramalin is
also thought to have an anti-inflammatory effect and a microtubule-stabilizing effect
on HDAC6 inhibitors.

E. Excavation of lipase enzyme
From the 46 strains producing lipase from polar regions, strains with excellent
activity were selected. The enzyme LipBL was produced in Escherichia coli and its
activity was found to be 923 U / mL. After the protein was identified by SDS-PAGE
zymogram, the enzyme reaction characteristics of LipBL were investigated.

F. Isolation of useful microorganisms and validation of their activities

_8_



Through production modeling, we identified production conditions that are more
reproducible than those using seawater. We need to explore more factors by applying
various production model techniques, and substitute this optimized production medium
condition with the existing production conditions.

When symbiotic microorganisms were collected from red coral from Antarctica, a
total of 56 strains were obtained. As for the 49 strains except 7 strains, it was
confirmed that they had more than 98% agreement with the existing strains. In order
to know the characteristics of cultivated symbiotic microorganisms, temperature effect
on the growth was confirmed.

G. Changes in the protein structure of polar copepod
Large-scale genomic information was obtained from polar copepod, and the changes in
the protein body and genome by ultraviolet exposure were analyzed. Polar copepod
was used to investigate the effects of ultraviolet rays and molecular mechanisms. The

expression patterns of stress and antioxidant response related genes were analyzed.

V. Application Plans of R&D Results
The results of the analysis of the metabolites from polar organisms can be used to
predict the metabolites and to search for novel substances or useful active materials. It
also contributes as a basis for the study of polar biological resources.

Securing extracts and constructing database of physiologically active substances provide a
dramatic effect for shortening the time and period of basic and developmental research,
cost reduction, and industrialization. It can be used as a chemical probe in research fields
related to identification of unknown life phenomenon or disease phenomenon based on
physiological activity of metabolism through linkage with collaborating research team.

It is possible to acquire the patents related to the manufacture or production of new
substances. Successful commercialization of the product from polar regions in Korea can
provide a breakthrough in the growth and revitalization of the related food and

pharmaceutical industries.
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8 =2 1970 W Fbel Al Hlom oF 250091Fe] MEE =F 1977-1987'd Abole]
8 ZeEnt glom ole A=A Fad AEHY HaEA JHA L
7HA 3L leS HAFE STAE B 4 Y (Gragg and Newman, 2013; Blunt et al., 2014,
Blunt et al., 2015, Blunt et al., 2016). 3% A= AT+ AEAYY] A9 &S FA3
= A% 55 7%, dA dE, A Alzd, 88 o] WAYFS 2] wol AR
stg=e] AF domA #HshA HAlo] EolAa e AEAdoln dAA o S
o] MAEL 11 FEIF SFdA wEHE EET dold A9V BEoE A%k AT A
TR QAR Y BATEY gFATFEHAA S AU vk (Gerwick and
Moore, 2012). #H= 5ol oJokFome] A4 Hr77E A H = siFfade] dA=9 45 o
i oid] s EdA fFeE AoRA HAdHorE o5 FASHAY #HEE HAdE
ol os Aidns Adrt deAa o webA sk s WI ddE =

o}lx] 31 9Jt} (Rateb and Ebel, 2011; Gerwick and Fenner, 2013).

_24_



]l .
,6 -
5
4 4
% o]
\
2 1 o
oy
oy
{:=5 Wiy = 77 s
oy o
o = o
0 —al Il Lld . . ,
Sponge  Tumnicate Bryozoan Mollusk Worm Fish Fungus Bacterium

Fig. 1-1. @A 32 daAel AA3 s Frell thrbAle] Ak shFgEFol o

il
Mo
Ju

AFrBE ol T HF Al Aol D2 olAtiAbEEEe] FEEIL 3lal, 53

-
BN
i
1o
4
)
|l
a
ol
o|N
N
it}
2
o
H
I
of

52
rlo
e
i)
i
o
-
BN
X
o

1990t o] ¥ WE
2 =55, SHE fdste AESHA, st SAES 7HAAL dso] B A

(Rateb and Ebel, 2011). # 9 AF+Z¥=E BW R IS4 Fade Ad £
Aspergillus Y} Penicillium%ol] 43t FE5oly HuxE=E 4l

= FdEEo|t} AEA HaldE Fds& o £ Jon EJF

seawater._ __others
! X =
4.6%

Fig. 1-2. A1 OAbAE Aaksts a9 279 Felg

AAl AFEE = REo odF XBAE 2HREoE AEd NSAID (non-steroidal
anti-inflammatory drugs) ©|™, ol& A=A Asay= JAAE Y 5o wep Alzel

Rl go] WAty wepy A7) obge] g7 Ty
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rie

_25_



o
No

7

=
(s

—

2
B

ol

B

g
Nlo
BH
ﬂu.o

scalaradial

OH
OH
OHO OH
pseudopterosin A
HO
OH
manoalide

OCHgj
OH
contignasterol

o#" OH

HaCO

3-(2,4-dimethoxybenzylidene)-anabaseine
HO

A o] Fo] A3 At} (Cheung et al., 2016).

S

R
ﬂo

3

ol
{Jo

<0

715 4]

T

RN 71 A

°lg T M3

& M3 g

ot

7HA

o

=

o =
o=

-

A A 7N
k|l A7 o]

=

o o)
7 A

=

FK-506,

cyclosporin A,

oH

|

p=1
[}

rapamycin

ox

™
N

il

p—

0
K

o

)

—~
o

min

A A Al cyclosporin ARF B2}

[e5]
=

e ]
1091 & 19 Aol s, 1 Ak

)

_26_

oF

=

= A A AAAe R



2 uetel 4

o
T

upol @ A1l 2bel e AAlH

&

i/

o)
HH

o)/

or
o

)
B
K

<

Jo

el

=

g Ay Aok il glej A A o

=
[€)

rjoz Prsm gluk. 7]

A
fu

EESEE

o
n

1l
B

;.OH

o
o

-
o

'
50
"

NV
)

Mo

ol

1l

A7ApEe] 2

Ho
Ho

golr
oh 3}

!

Z

I Al

=0

S ATA

Eis

e
fis

A Bo o

75

system<

ki3

b1 9l

<)

=K

B

j=a)
X
il

®

—_
"o

22
~
iz
)

o] o @A

Aleprd

A

44

=
=

F9] 3}§= library

=
o

1l

o

Pl s el A )

9]

SEER

1
T

screening ©HA|)
A AT 2o A

=1
=

@A (target selection

1
T

kol A]

H,

o]

R

7} = a1

3

i

o3
w

e
)

o)

toe o ol

5|

=
[}

o 7}

A
A

R

L3¢

ok

Mo

ol

s
—_

N
il

i)

ol

%7

al

1S 714

Y}l A
™

AAA o=

il

gH =

23]

¥

o}

7:51_

[e]
a1

2=y @A A

—~
fite)

network A A -

Eis

ol

A 74538 HHA, A e Aol et

AA -2

<n
(ol

N

&4 ke A4S

ol A -2zt

o Hv mEkA

)

_27_



H2&=ade 7lsiid &

O FAYBTRFY, ARAEF - A5k, 2EA NS Sl hF ATE A5 2007/2008 PY
FAFEAT AT ol FAA M Qom, o9 ALEA e Ui ¥

O SCAR Y EBA(Evolution and Biodiversity in the Antarctic) 21 oA = P AE 9]
sl AS A AaA ] vy, ddAde dF sol gk AFE Jgsta o)
O Hl=

[
—
o)
a1
co
rL
-z
)
Z,
Q
H
i
2
rO
-1
i
=
=
=
)
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=
()]
o
g
ft
N
A
o
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i
Jo
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o
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2
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o= AIDS Hpol&] 2o gk A 87FsA ol = std=s L=

il
S
2
ol
rlr
:c&
g
&
o,
N
i3
=
:.01:1
2
=2
>
=
=
1
ot
(e}
0,

- T HEATANCDONA = A

=
T
=
[k

- Al 2k3]AFel Lilly group, Corey group, MerckAl SolA = HAES o]&3 Aloky
2AEE Hgstal Yt

= Univ. of South Florida® 1732 &= el¢ TunicateZ5F-E FAAE AlHEIHE
7}A = palmerolide A#t= 419F macarolide® WA E &2 3131}

— University of Alabama at Birmingham®] 732 Fd3F 573 S E=S o
o7 3 oA EE AFE AEHor Fstar glon HZE 2016 F -

T2 FH methicillin WAS 725 darwinolidegl= tiAHAIE #3283 (von

Salm et al.,, 2016).

- = BSolAbE Id=mela dExef AxAWToR =y 3R ¢H(National

Science Foundation: NSF)o] = A AF+A A X AFAIG S FEeta dom, A Yo
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AARDZ} A7 S Fostel gustn Qor dua #7 T8, £,

A9, N, BFRAR) W A D AH 3 A5G e 78, A GAb o

- 932 LTMS (Long-term Monitoring and Survey) 7] ZUH# 2 #3 T2 33S
e st o, FHAHIHE THeR Y AETIY ZAHCensus of
Marine Life)E AAlste] @=afol] AAdt= AEFd e Hasiglon, sjdAdg-sst
o] ZAE 5o o 71As Ad A4 AXMEE ATE st dth

- o]&g]o}9] Consiglio Nazionale Delle Ricerche - Istituto Di Chimica Biomolecolare®]
ATRLE FFH99 nudibranchZ4-E  granulosidezl: AMAES  Eg At

(Cutignano et al., 2015).

- w290]¢ UiT The Arctic University of Norwaye] 7% $£d7 d=68 )<
AES oz 3 oA ER AFE AHHor st o, FH 201439

=78 2= FFH synoxazolidinones WAFA 2% 3 pulmonarins WA 25 & &

- Ocean University of China®] 97213 South China Sea Institute of Oceanology®] <

TFRe zZtzt J=ZFFHe 7 F2HE  chrodrimanins  HAMA] 23} a-pyrone
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merosesquiterpenoids Al @ ALA 6% w2 3T (Zhou et al, 2015, Wang et al.,

2016).
12
MAE, AFNE S AARGAORRE DHBAN, AR THEL 2

- 5% CSIRO, AIMS, New South Wales Univ. 5 7-7]3o] x}= 2 o}x|et =7} <A¢H
]

AIMSo| M= AAAA 74 27 2 Y FEE libraryES B Q2w o]F)3tar 9l

ol

o I E2TY FAl & Ao R AT FEaA AAATE WY Tolth &

T dEdras gwe Fadrast ¥R 304 il of 5 wele] A7

A7rE=e] AANEH Sol F3A993d )t Centre for Natural Products
Resrarch (CNPR)S A ¥ 8400089 F&E& gH3 o 2002 =2 AFIJAL &
o] F2}gk MerLion Pharmaceuticals® AFQ 3tete] &QFstar lom @Al Al Al A
7V o9 55 LibraryE B3 Ao g HrhE gt

- A9 University of Chile®] A% F=FdlY dF=ZH5E nitroasterric acid A€

o] AHA 4FS E2] s¥ Y (Figueroa et al., 2015).
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Table 3-1. SAA w2 &

Latitude [N]

Depths(m)

Sample Name

Longitude [W]

No.
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No. | Latitude [N] | Longitude [W] Sample Name Depths(m)
1 2016RS3 #ST01-DR-BS-21

2 2016RS3 #ST01-DR-BS-23

3 2016RS3 #ST01-DR-BS-26

4 2016RS3 #ST01-DR-BS-27

5 2016RS3 #ST01-DR-BS-30

6 2016RS3 #ST01-DR-BS-35

7 2016RS3 #ST01-DR-BS-36

8 2016RS3 #ST01-DR-BS-39

9 2016RS3 #ST01-DR-BS-44

10 74-52-7875 164-04-0523 2016RS3 #STO1-DR-BS—46 208
11 2016RS3 #ST01-DR-BS-47

12 2016RS3 #ST01-DR-BS-48

13 2016RS3 #ST01-DR-BS-49

14 2016RS3 #ST01-DR-BS-54

15 2016RS3 #ST01-DR-BS-55

16 2016RS3 #ST01-DR-BS-56

17 2016RS3 #ST01-DR-BS-57

18 2016RS3 #ST01-DR-BS-58

19 2016RS3 #ST04-DR-BS-5

20 2016RS3 #ST04-DR-BS-7

21 74-31-7149 170-12-9476 2016RS3 #ST04-DR-BS-20 348
22 2016RS3 #ST04-DR-BS-40

23 2016RS3 #ST04-DR-BS-41

24 2016RS3 #ST06-DR-BS-50

25 73-23-1187 173-20-6802 2016RS3 #ST06-DR-BS-61 330
26 2016RS3 #ST06-DR-BS-62

27 2016RS3 #ST07-DR-BS-29

28 73-12-3895 169-20-5906 2016RS3 #ST07-DR-BS-30 297
29 2016RS3 #ST07-DR-BS-31

30 71-49-0810 171-53-2324 2016RS3 #ST08-DR-BS-46 495
31 2016RS3 #ST09-DR-BS-68

32 2016RS3 #ST09-DR-BS-69

33 2016RS3 #ST09-DR-BS-70

34 2016RS3 #ST09-DR-BS-71

35 2016RS3 #ST09-DR-BS-72

36 2016RS3 #ST09-DR-BS-73

37 71-28-5662 170-42-9551 2016RS3 #ST09-DR-BS-74 151
38 2016RS3 #ST09-DR-BS-75

39 2016RS3 #ST09-DR-BS-76

40 2016RS3 #ST09-DR-BS-77

41 2016RS3 #ST09-DR-BS-78

42 2016RS3 #ST09-DR-BS-79

43 2016RS3 #ST09-DR-BS-80

(2) M Agel Hel
AAR NPYEARE ARFL FEH0R YAt BEH WAALL o g3he]
=z

=
T T E o]&3ste] A4384(10 fold dilution method)sto] o} 2]



(3)

Table 3-2¢} Zo] & 5% wFujxl =Lsto] 10TA 107304 vl ¥}t

Table 3-2. fFm A= F&5 AT WA =4

Medium 1 Medium 2 Medium 3

Marine agar ISP 2(F 9 4¥n8 %) ISP4(R1 g &HiA)

Peptone  5g Yeast extract 3g soluble starch 10g

Yeast extract 1g Malt extract 10g Diphotassum phosphate 1g

FePO4 10mg Dextrose 4g MgSO4 1g

Aged seawater 1L Aged seawater 1L (NH4)2504 1g

Agar 15g Agar 20g Calcium carbonate 1g
Ferrous sulfate 1mg
MgCl2 1mg

Zinc sulfate 1mg
Aged seawater 1L

Agar 20g
Medium 4 Medium 5
YPG (F94 &HA) GYA (B19 %HjA)
Yeast extract bg Yeast extract 3g
Peptone  5g Glucose 1g
Glucose 10g Aged seawater 1L
Aged seawater 1L Agar 20g
Agar 20g

e plate2HE HlAES A|lS¥ colonye] HE, A& 7|For &y Ath
=
o

o] FufdA = 10% glycerol &0 FF3te] -80C XA =>4

o8 nARE oAUAAES MEG we Aie WMo guuge Agsts
9. WA= @47 @7hE PDAMAE ol 8te] plate (Y0mmxlsmm) B Y} Fejss
=

g ol g3l 10CeIA 7309 WSttt (il Fol met ztol7h L.

32

] %% ethyl acetateS ©] &3]
&g AASY 2FEES GHAY. FEHAY UFHQd 552 ot 19

21}t (Fig. 3-1).
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Magnesium sulfate &7t 28Y 2

SK| AT
m) | - $E=DBTS
- $EE7I= (50 014
- 7|Et AAAIRIE B

. J

off

ZH ANEE AZste] FAE 71Esen olF AFd o] &7 74A WA E s
Ak OAA/AFEAATE A3 TEATE

TEAY 7ol 2 Aas HENEFsE St F7H2Q FEES AAste Al

B
b 9= 228 F v ok £

g5 22 o miE EHE Y E NERRYH FEES RN

O #2d AR gy oty didos 2% md 50 mL)S 23t MBuj A 9}
SZBM A& o]&3te] 100 mL 42 &2kl 50 mLA wieFstlaL, 15TelA 7 ~
149 shaker vi %3}t

i

A

®
=
o2
o
t
—
=
=
o
)
@
&
g
w
S
8
ynl
o
s
ofo
o
2
A
i
ol
R
lo
=
s
o
2
A=

= B

O 228 mAE e gols gidez A% vy (50 mL)S F&EATH MBHIA,
ZBHl A, R2AHIA], NBul#A| & o]&3le] 100 mL 4zt Z2k~=e] 50 mLA w3}
AaL, 15TCoA 14 ~ 30¥ shaker v sttt

@ wlYF § =2 Ethyl acetate 50 mL< ©]-&3to] F=3k30 0, o] F o343 & &
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©® w5 AMEe AFs] FAE 7IFsdey, off dddl o] &= 77HA 4TelA

A AEE FEE% 37 DBE T34

PTPIB®4]: PTPIBE BIOMOL International LPellA Sjstsich. EAHL p-
nitrophenyl phosphate (pNPP)E A}-&3te] =43ttt (Na et al, 2007). 2t2te]l 96
well plate®] 2 mM pNPP<} 50 mM citrate (pH 6.0), 0.1 M NaCl, 1 mM EDTA, and
I mM dithiothreitol (DTT)E =¥st= SFE&AES  100uLH7HE & A7
(0.3730ug/mhE #H7tstd o x4+ AL AlE&fds Hrtstdoh o] = 3
7C wF7lA 30 &<t H-eAIZIth 10M NaOHE o] WhgS TAAIHT Aikd

p—nitrophenol®] %< 405nme] & F =i =435St}

=
2]
(7h BEdTE AR 279 2EdA AGEA B

_
)

w28 Ay e 2bzF 249l Marine agar®t PDA agar ®
C

ol MR - LA VAR JFFES FAste] VFEAT. ol&

T g
NCBI GeneBank
Mlz? Marine 16S rRNA EzTaxon
Broth = (27F11492R) {Blast search)
Hy < DNA == PCR Sequencin
- = = - Slmilarity Analysis
b =1 = ITS region
% PDA S (ITS1F/NL4) — "
28S rRNA ylagenene
(LRORI/LR5) Analysis
B-tubulin(benA)
calmodulin(caM) Eg%? {\-I§E°Il
RNA polymerase ll(rpb2) (98~100%) (90~97%)
7|E} -SEl/ M3t S
Fh 48

Fig. 3-2. "A& &4 8%
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(th A3t (165 tDNA 9714 254

16S rDNA+ 16S rDNA primer, 27F (5'-AGA GTT TGA TCM TGG CTC AG-3';
Escherichia coli nucleotide 8727) ¢ 1518R (5'-AAG GAG GTG ATC CAN CCR
CA-3'; Escherichia coli nucleotide 154171522) (Giovannoni, 1991)& A}-&3le] PCRel
o9& genomic DNAZHE ZFZ31¢th PCR 422 A7) % (0.8% agarose)ol] 2|3l
DNA7} SZ5 58 F2st3th 16S rDNAE A F7IAEHAE o] 85t 47| A]
a8 ZAAI}YGT. 16S rDNAG7|AEe] 42 National Center Biotechnology
Information (NCBI)©¢] Basic Local Alignment Search Tool (BLAST)(Altschul et al.,
1990) 258 Aol ZiRae] A7IMEE ol&ste] M LAdtstl e Phylogenetic
Interference Package (PHYLIP) (Felsenstein, 1993)= A <& dlolg& E4357] &3l
AF8-% 2l th. Phylogenetic treex neighbour-joining (Saitou & Nei, 1987)¥H S o] &3}
2o Evolutionary distances matrices: Jukes & Cantor (1969) = 2o ulz} 2HA 5
2t} neighbour—joining tree topology+= 1000 resampling®] 7]Z% 3%} bootstrap analysis
(Felsenstein, 1985)°l 238l 3 7}% At}

(th 3t (28S rDNA 71 L EA)

o AAELE o] &3 gliding WS ol&ste] AEE 33 & DNARHYIIES
o] &3} genomic DNAE #3289 2™ partial 285 rDNA 497|422 LROR
(ACCCGCTGAACTTAAGC; 26742)3 LR5(TCCTGAGGGAAACTTCG; 9647948)<
a2la ITSATS1-5.8S-1TS2)+= ITSIF (5'-CTTGGTCATTTAGAGGAAGTAA)}
NL4(5'-GGTCCGTGTTTCAAGACGG)S AH&-3te] PCRel 98 genomic DNAZ
239t PCR A2 A7]9 % (0.8% agarose)ol 23] DNA7F SZHASS &9l
stk 28S 1DNAE A7 ZAE ol &ste] d7[AdS AAs. ITS %
28S rDNAYG 7| €2 242 National Center Biotechnology Information (NCBI)<]
Basic Local Alignment Search Tool (BLAST)ZYE dojz BF9 A7|ES o]
g3l Hd3tsld o Phylogenetic Interference Package (PHYLIP) (Felsenstein,
1993) 2  A<d  doHE #4357 fd A8E %Y. Phylogenetic treet™

E]

neighbour—joining (Saitou & Nei, 1987)WH & ©]83 2™, Evolutionary distances
matricest™ Jukes & Cantor (1969)% @l whe} 24 % At} Neighbour-joining tree
topology+= 1000 resampling®] 7]1%3%} bootstrap analysis (Felsenstein, 1985)¢l 2]3}
7 AT

(7) F= =238 F%& database 24
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FE=w #FE 9% databaset sample number, research project, origin, site number,

import date, method, sample ID, sample type, amount (mg), extract solvent,

organization, storage place, operator, stock date, storage name, MS data code,

barcode, release organization, date discarded, notes 5 & 20 7/} @dZ o7 A ¥ o]l

(1) T3l NPYEFA TR 2o 2

=A A& (Table 3-1)& 5% 9 weluiAlol] =ale] wjgatsion olF ALl S/

-

w122 Aletd Res EElekglar deol wet 2~3xke 2AAH eFudAE g

3FTh =R el AldF 7379 Wt 523 glycerol stockdle] -80TCo| HE

3l th (Table 3-3, 3-4).

Table 3-3. %] st o2HE el £
No. AlzH = l?_o_:] Stock No. R = —‘?—0_:] Stock
WA | AE e | e WA | HE | A | e

1| e | YPG | SE7237 | 4160905 | 27 | Lo 2RSS 1 PDA | SE7263 | 4 | 160913
2| e 9| PDA | SE7238 | 4 | 160905 | 28 | Lo 2R 1 pDA | SE7264 | 4 | 160920
3| oro R | PDA | SF7239 | 4 160005 | 29 | 2R, 1 PDA | SE7265 | 4 | 160920
4 R i | Zobell | SE-7240 | 4 | 160905 | 30 | 4o 2RB. | GYA | SF7266 | 4 | 160920
5 | ustogonaeso | PDA | SE7241 | 4160905 | 31 | 4o 2R 1 PDA | SF7267 | 4 | 160920
6 | uorogoincse | YPG | SE7242 | 4| 160905 | 32 | 4o MRS | Zobell | SF7268 | 4 | 160920
7| stioonneso | PDA | SE7243 | 4 | 160905 | 33 |, ORB | PDA | SF-7269 | 4 | 16.09.20
8 | oria o g | Zobell | SE7244 | 4 | 160905 | 34 | 2RSS T Zobell | SE7270 | 4 | 160920
9 | e i | PDA | SE7245 | 4 | 160905 | 35 | Lo 2OWRS. 1 PDA | SE7271 | 4 | 160920
10 | oo BB | PDA | SE7246 | 4 | 160905 | 36 | uorpooRo o | PDA | SE7272 | 4 | 160920
1| o0 | Zobell | SE7247 | 4 | 1609.05 | 37 | 2RSS 1ypG | sp7273 | 4 | 160920
12| RO o | YPG | SE7248 | 4 | 160905 | 38 | orioiono | GYA | SE7274 | 4 | 160920
13| ook s | YPG | SE7249 | 4 | 160906 | 39 | 2R Gya | SsE7275 | 4 | 160922
U | o RS s | PDA | SE7250 | 4 | 160906 | 40 | 4o 2lORS. 1 PDA | SE7276 | 4 | 160922
15 | 4o WORSS. 4 | Zobell | SE7251 | 4 | 160906 | 41 | o 2R 1 oypg | sE7arz | 4| 16002
16 | uoroionmess | PDA | SE7252 | 4 | 160906 | 42 | o pooRoo | YPG | SE7278 | 4 | 160922
17 | yoroiinine sy | YPG | SE7253 | 4 | 160906 | 43 | ucrooionncog | Zobell | SE7279 | 4 | 1610.07
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B =] =] H
No. | A& gﬁ %2 - sma;}m No.| AmR | & f] %2 ; 45‘3001%&}
18 | uoroongo | YPG | SE7254 | 4 | 160906 | 44 | uoroooRDe | PDA | SE7280 | 4 | 1610.07
19 | uorooiRo ey | YPG | SE7255 | 4 | 160906 | 45 | ko aoRD. | PDA | SE7281 | 4 | 1610.07
20 | uoroioRo s | PDA | SE7256 | 4 | 160906 | 46 | uooooRDoo | YPG | SE7282 | 4| 1610.07
2| Ry | PDA | SE7257 | 4 | 160906 | 47 | . AORD 1 ypG | sE7283 | 4| 161007
2| a5 | PDA | SE7258 | 4 | 160906 | 48 | oraofRnc o | PDA | SE7284 | 4 | 1610.07
B | iR sy | YPG | SE7259 | 4| 160913 | 49 | ko VRS | YPG | SF7285 | 4 | 1610.07
2 | uerboonesl | PDA | SE7260 | 4 | 160913 | 50 | o a0 | PDA | SF7286 | 4 | 1610.07
2016RS3 TGRS
B | e sy | CYA | SET6L| 4 160013 | 51| i S8cs | YPG | SET87 | 4| 161007
26 | oo onheyy | PDA | SE7262 | 4 | 160913 | 52 | ko mooRD. 0| GYA | SE7288 | 4 | 1610.07
Table 3-4. A &H O ZHEH A9 &g
No. A8 2 | 3 Stock No. NE Balw | 3ol Stock
No | Al | Wz [7j% | @ No A Ws | A% | 9R
1| ool ORSS o | Zobelle | SBas34 | 4 | 161014 | 38 | L2OWRS O gya sBasii| 4 | 161021
2| oy | Zobelle | SB3535 | 4 | 161014 | 39 | Lo ARSC | Zobelle | SB3572 | 4 | 161021
3| asrogon o | Zobelle | SB353%6 | 4 | 161014 | 40 | sorporonnco. | Zobelle | SB3573 | 4 | 161021
4| RSy | YPG | SB3537 | 4 | 161014 | 41 | 2RSS, 1 PDA | sB3s7a | 4 | 161021
5 | o tOR o | Zobelle | SB3338 | 4 | 161014 | 42 | o 20WRS. | zopelle | SBASTS | 4 | 161021
6 | aoro RS o | Zobelle | SB3539 | 4 | 161014 | 43 | LAAORB .1 GyA | sB3s7e | 4 | 161021
7| aralRS | YPG | SB35 | 4 | 161014 | 4 | o AURS zopeie | sBas7z | 4 | 161021
8 | uoroainiees | Zobelle | SBISAL | 4| 161004 | 45 | uoroionwcyy | Zobelle | SB3SZS | 4| 161021
9 | yoroanRnc oy | Zobelle | SB3342 | 4 | 161014 | 46 | 4o AVWRD. | Zobelle | SB3579 | 4 | 161021
10| yorio RSy | Zobelle | SB3543 | 4 | 161014 | 47 | Lo 2R | Zobelle | SB3580 | 4 | 161021
1| arooniees | PDA | SBasM | 4 | 161020 | 48 |, 2ORD. | Zobelle | SB3SSL | 4 | 161021
12| iR o | YPG | SBaS45 | 4 | 161020 | 49 | o 2ORD | Zobelle | SB3SS2 | 4 | 161021
B | usroionbcas | GYA | SB3s%6 | 4 | 161020 | 50 | L 2ORD | Zobelle | SB3SS3 | 4 | 161021
1| o O o | Zobelle | SB3547 | 4 | 161020 | 51 | Lo 2ORD. | zopelle | sBasss | 4 | 161021
15 | soroionee o | YPG | SBaMS | 4 | 161020 | 52 | Lo 2OMRD 1 ppA | sBasss | 4| 161021
16 | yoroi OB o | YPG | SB35 | 4 | 161020 | 53 | Lo 2ORD L zobelle | SB3SS | 4 | 161022
17 | yormooinc oy | PDA | SB35 | 4 | 161020 | 54 | Lo 2RSS zobelle | SBase7 | 4 | 16102
18 | uoradlRS i | PDA | SBISL | 4 | 161020 | 55 | LAUORB 1 ppA | sBasss | 4 | 161022
19 | sorDnboas | Zobelle | SBA2 | 4| 161020 | 56 | L 2WRD. | PDA | SB3589 | 4 | 161024

_39_




No. A2 =L o Stock No. N 2o | Fo Stock
No MA | WME e | ds No A ME s | 2
20 | oK | PDA | SBIB | 4 | 161020 | 57 | AR Zobelle | sBaso0 | 4 | 161024
21 | R o | GYA | SBa4 | 4 | 161020 | 58 | AWK zopdle | sBasor | 4 | 161024
2| RO | PDA | SBaS5 | 4 | 161020 | 59 | L AMORS L zopdle | sBas2 | 4 | 161024
B | sy | Zobelle | SB35% | 4 | 161020 | 60 | 4o 2UWRS. | Zobelle | SB35B | 4 | 161024
24 | oo RS o | Zobelle | SBIS7 | 4 | 161020 | 61 | 4o 2R 1 oGva | sBasm | 4 | 161024
5 | ucrorDnbear | YPG | SBABS | 4| 161020 | 62 | 4 200D | Zobelle | SB3595 | 4 | 161024
% | uroobnbees | CYA | TPIO 4 1161020 | 63 | ¥R | GYA | SB3S9% | 4 | 161024
7 | ssroanies | PDA | B4 Ta61021 | 64 | 2RD | GYa | sBas | 4 | 161027
B | oo lR o | ZoRell [ SBIS6 Ty 1161021 | 65 | o RS | YRGB8 | 4 | 161027
2| oo lR s | ZoPell | SBIS6 1y 1161021 | 66 | 4o lRB | GYA | SB®B® | 4 | 161027
30 | oo R o | YPG | By Tae1021 | 67 | L 2UMRD L | GYa | sB3ew | 4 | 161027
Bl | sorogome e | PDA | TP 4 1161021 | 68 | o oRD o | GYA | SB3el | 4 | 161027
2| o ORS e | ZoPell | SB35y 61001 69 | L BMORS T yr | sB3em | 4 | 16107
B | yormooincey | GYA | BI04 1161021 | 70 | L AUONB | GYA | SB3WB | 4 | 161027
34| yora RS, | Zopell 1SBES6 1y 1161021 | 71 | o RS, | YPG | B34 | 4 | 161027
35 | o R o | Zopell [SBIS6 Ty 161021 | 72 | L ZRS 1 GYA | SB35 | 4 | 161027
36 | soroiinie sy | GYA | SBI L4 1161021 | 73 | o 2ORD. L | Zobelle | SB36Ds | 4 | 161027
7 | seroporasst | CYA | 50 |4 | 161021
2) SAA=E 7 VA=Y FEEGE AT
o9 A7 e 2 ethyl acetate £WFES £33t 527 Fo thal FEHEA
25 ¢8I (Table 3-5), & Aol Ag@dg ol ALEH A= efell= AHA A
© % DBE TSdte] HEsha gtk
Table 3-5. A= frd A=) FE=EAX A3
Strain No. Extracts(mg) Strain No. Extracts(mg)
1 SF-7237 2.9 27 SF-7263 39
2 SF-7238 5.0 28 SF-7264 2.3
3 SF-7239 2.2 29 SF-7265 3.2
4 SF-7240 2.7 30 SF-7266 32.8
5 SF-7241 11.9 31 SEF-7267 2.8
6 SF-7242 3.8 32 SEF-7268 13.8
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Strain No. Extracts(mg) Strain No. Extracts(mg)
7 SF-7243 3.5 33 SF-7269 4.7
3 SF-7244 3.1 34 SF-7270 41.3
9 SF-7245 39 35 SF-7271 1.6
10 SF-7246 3.5 36 SF-7272 4.2
11 SEF-7247 2.8 37 SF-7273 49.2
12 SF-7248 15.5 38 SF-7274 0.3
13 SF-7249 6.7 39 SF-7275 20.8
14 SF-7250 0.6 40 SF-7276 7.7
15 SF-7251 2.6 41 SE-7277 17.8
16 SF-7252 44 42 SF-7278 71
17 SF-7253 3.7 43 SF-7279 5.8
18 SF-7254 54 44 SF-7280 4.0
19 SF-7255 5.7 45 SF-7281 6.1
20 SF-7256 3.3 46 SF-7282 6.4
21 SF-7257 51 47 SF-7283 6.6
22 SF-7258 9.1 48 SF-7284 3.2
23 SF-7259 6.9 49 SF-7285 6.4
24 SF-7260 16.2 50 SF-7286 6.0
25 SF-7261 52 51 SF-7287 51
26 SF-7262 1.5 52 SF-7288 7.3

3 A5
PTPIB Aaf&Adol o3 9w A AdFE=S fdom Iddw e Exx4o
2 AAEE "gelikslaael PTPIB (Protein tyrosine phosphatase 1B)E A 3sH= in
vitro assays T oM olE Fsto] M FEEY FEm AeHS H7
dm A= Ao ZHE dojxl FEE] i PTPIB A& S F 52759 A
55 gdoR ARG ew 1 =
PTPIB Asl&4& B ANEE F 6372 e (Table 3-6). 0.3 ug/mle] &%
= FETES Adeds W PTPIB Asi2A 2 SF-7278% SF-72723 57} 78.12%9}
7024%% 7V we AL BT I ggo® SF-2763F7F 66.07% 1Ela
SF-7283, SF-7287, SF-7288+ 7} 247 56.82%, 55.70%, 54.15% = WEFSTE. 3 ug/ml
o] TR FEES AHYdIS W PTPIB Adf &Aool 70%0l4S el Ags F
467t T2 LERSET
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Table 3-6. X % EA F=Ed o3 1%}

)
ol
%

g B4 A 55

(unit: inhibition(%))

No. | Sample ID Conc.(ug/al) No. Sample D Conc.(ug/ul)
0.3 3 10 0.3 3 10
1 | SF-7237 29.01 99.44 | 100.42 27 | SF-7263 | 1552 99.04 98.74
2 | SF-7238 4.01 98.95 99.12 28 | SF-7264 | -2.99 99.37 99.55
3 | SF-7239 17.05 | 100.32 | 100.18 29 | SF-7265 | 19.64 99.65 | 100.13
4 | SF-7240 11.41 98.39 99.45 30 | SF-7266 2.50 75.15 | 100.13
5 | SF-7241 39.87 97.93 | 100.69 31 SE-7267 9.92 99.87 99.61
6 | SF-7242 35.73 91.21 | 100.41 32 | SF-7268 | 40.66 99.82 | 100.37
7 | SF-7243 18.15 95.32 | 100.39 33 | SF-7269 | 13.85 98.48 99.24
8 | SF-7244 17.95 97.69 99.67 34 | SF-7270 6.12 62.78 99.55
9 | SF-7245 7.79 95.09 99.63 35 | SF-7271 | 30.28 99.52 99.88
10 | SF-7246 -0.05 80.32 99.56 36 | SF-7272 | 70.24 | 100.09 | 100.15
11 | SF-7247 8.57 95.64 | 100.15 37 | SF-7273 | 27.35 99.16 99.74
12 | SF-7248 10.28 99.94 | 100.12 38 | SF-7274 | 1495 99.74 99.08
13 | SF-7249 891 26.08 99.91 39 | SF-7275 | 12.30 69.76 | 100.95
14 | SF-7250 11.97 90.51 99.61 40 | SF-7276 | 65.07 99.83 | 100.27
15 | SF-7251 5.08 26.80 | 100.38 41 SE=7277 | 19.96 93.90 99.51
16 | SF-7252 16.55 99.62 99.50 42 | SF-7278 | 78.12 98.92 98.97
17 | SF-7253 17.55 99.82 | 100.36 43 | SF-7279 9.93 99.75 99.82
18 | SF-7254 23.15 98.57 99.77 44 | SF-7280 | 13.93 98.97 99.77
19 | SF-7255 20.00 99.87 | 100.84 45 | SF-7281 | 27.55 99.27 99.39
20 | SF-7256 3.43 62.46 99.60 46 | SF-7282 | 32.65 99.19 99.35
21 | SF-7257 22.84 97.95 99.92 47 | SF-7283 | 56.82 100.02 | 100.19
22 | SF-7258 11.52 95.64 99.88 48 | SF-7284 5.55 99.01 | 100.10
23 | SF-7259 38.16 99.92 | 100.96 49 | SF-7285 5.24 99.69 99.88
24 | SF-7260 7.36 14.36 99.69 50 | SF-7286 | 40.59 99.32 99.03
25 | SF-7261 40.43 83.42 99.93 51 SF-7287 | 55.70 99.52 99.79
26 | SF-7262 29.71 95.44 | 100.53 52 | SF-7288 | 54.15 99.50 99.62

4) MA=sdE A% 2AY=

SAZEY e

73F° A= o

o] T 1857} 1575CelA A%l

2 5,10, 15CelA HE54& A8k

7bedt st WA d R ddEn




3-7). &3 169+ 5T 20CHT= 10TolA Aol Hou A2Add+= &
W ggEAel UE /A9 A 908 dow RuH
Table 3-7. Alvte] 2= 45X
#FH s e L e

15 10TC 5T 15T 10T 5C
1 SB-3534 +++ +++ +++ 38 SB-3571 +++ ++ +
2 SB-3535 +++ +++ +++ 39 SB-3572 +++ +++ -
3 SB-3536 +++ +++ +++ 40 SB-3573 +++ +++ +++
4 SB-3537 +++ +++ +++ 41 SB-3574 ++ +++ +
5 SB-3538 +++ +++ +++ 42 SB-3575 +++ +++ +++
6 SB-3539 +++ +++ +++ 43 SB-3576 +++ +++ -
7 SB-3540 et et + 44 | SB-3577 et + -
8 SB-3541 +++ +++ +++ 45 SB-3578 +++ +++ +
9 SB-3542 4t 4t + 46 | SB-3579 ++ + -
10 | SB-3543 4t 4t et 47 | SB-3580 4+ ++ -
11 | SB-3544 ++ 4+ + 48 | SB-3581 ++ + -
12 | SB-3545 ++ +4+ + 49 | SB-3582 4+ ++ +
13 | SB-3546 et e + 50 | SB-3583 e ++ +
14 | SB-3547 ++ + - 51 | SB-3584 ++ Ht -
15 | SB-3548 ++ o+ + 52 | SB-3585 + ot -
16 | SB-3549 ++ 4t + 53 | SB-3586 ++ + et -
17 | SB-3550 4+ ++ + 54 | SB-3587 4+ ++ -
18 | SB-3551 ++ +4+ + 55 | SB-3588 ++ + +
19 | SB-3552 ++ et + 56 | SB-3589 e +t e
20 | SB-3553 et ++ - 57 | SB-3590 e + e
21 | SB-3554 ++ 4t - 58 | SB-3591 4+ +t et et
22 | SB-3555 4+ ++ + 59 | SB-3592 ++ ++ -
23 | SB-35%6 4+ ++ - 60 | SB-3593 4+ ++ -
24 | SB-3557 ++ 4+ + 61 | SB-3594 4+ +++ e+
25 | SB-3558 e ++ + 62 | SB-359 et +t e
26 | SB-3559 et ++ + 63 | SB-359 ++ + +
27 | SB-3560 ++ et + 64 | SB-3597 ++ ++ -
28 | SB-3561 4+ ++ + 65 | SB-3598 4+ ++ -
29 | SB-3562 e ++ + 66 | SB-3599 et ++ -
30 | SB-3563 4+ 4+ 4t 67 | SB-3600 + - -
31 | SB-3564 4+ 4+ 4+ 68 | SB-3601 + ++ -
32 | SB-3565 4+ 4+ - 69 | SB-3602 4+ + -
33 | SB-3566 et ++ + 70 | SB-3603 e + -
34 | SB-3567 et et - 71 | SB-3604 et ++ -
35 | SB-3568 et ++ + 72 | SB-3605 4+ - -
36 | SB-3569 et et - 73 | SB-3606 + + -
37 | SB-3570 4+ ++ +




FAREYH 2HE AAS A
= 977 20C ¢ v sk 10
FekE o},

Table 3-8 29 == 4H454
o 2 i G-

T 20C Hli)t 5T T 20C Hlit 5T
1| SF7237 | eee | oes o | 27 | SFo7263 | e + -
o | SF-7238 | e+ b v 28 | SF-7264 | 4+ o -
3 | SF-7239 | 4+ b+ v 20 | SF-7265 | +++ | e+ o+
4| SF7240 | eer | wes o | 30 | SF7266 | eer | oees -
5 | SF-7241 | 4+ v - 31 | SF-7267 | 4+ o+ +
6 | SF-7242 | i+ . v 32 | SF-7268 | i+ v -
7 | SF7243 | e+ o « | 33 | sFr2e9 | eer | +
8 | SF-7244 | 44+ i e+ | 34 | SF7270 | +s o +
9 | SF-7245 | i+ b v | 35 | SF7271 | e o+ v
10 | SF-7246 | ntr - « |36 [ sz e | e .
11| SF747 | ot v - | 37 | sFrz | e | .
12 | SF-7248 | 4o - + | 38 [ sFr2ma| eer | +
13 | SF-7249 | 4+ . v 39 | SF-7275 | 4+ o+ -
14 | SF7250 | 44+ - v 40 | SF-7276 | 4 o v
15 | SF-7251 | 44+ ++ ool ar [ SETm e | e +
16 | SF-7252 | +++ b + 42 | SF-7278 | 4+ v -
17 | SF-7253 | 4+ - o | a3 | sFr2me | e + -
18 | SF-7254 | +++ - | sFmso | e | -
19 | SF-7255 | +++ b+ v 45 | SF-7281 | 4+ v -
20 | SF-7256 | 44+ b+ v 46 | SF-7282 | e o -
21 | SF-7257 | +++ + ~ | a7 | sFrss | e | e -
2 | SF-7258 | 4+ - - | 48 sF7sa | nt nt nt
23 | SF729 | e . ~ | a9 sFss | e | s -
24 | SF-7260 | 4+ + ~ | 50 | sF7se | eer | s -
%5 | SF-7261 | e + « | 51 | sFo7asT | e | oes -
% | SF-7262 | ++ . - | 52 | sFo72ss | e | es -

_44_




() =A Ao 54
T 5270 EEdvs R ITS999 d7IMds 243 § NCBI BLAST H
E;Taxon Z219& o]gato] FAIRYL & dFE5 Aded § PHYDIT Z21&
o] &3}e] ClustalW alignmentZ <=3 3} Astanh. 1 A3 12719 genus

7F #eFEgen &HWel REFS (Cladosorium 4:(23), Penicilium 2(16),

_& —|—’
%
>~
>
l-ﬂ
Ll
ME

Aspergillus 4(3), Engyodontium 4(2), Epicoccum <4(1), Peniophoral < (1),
Pseudocercosporella  %(1), Talaromyces (1), Acremonium < (1), Acrodontium

24:(1), Ustilago <4(1), Pithomyces <(1)¢] =22 e (Table 3-9, Fig. 3-3).

Table 3-9. <= 125 o] &5 ] ITS 843
Strain No Closest relative Similarity(%)
1 SF-7237 | Cladosporium cladosporioides 100
2 SF-7238 | Penicillium rubens 100
3 SF-7239 | Cladosporium oxysporum 99.79
4 SF-7240 | Ustilago nuda 100
5 | SF-7241 ﬁfﬁ?&;ﬁgg{%wm%% 100
6 | SE-T2 | Ry o) 100
| s | Gt s, |
8 SF-7244 | Cladosporium cladosporioides 100
9 SF-7245 | Cladosporium silenes 100
10 SF-7246 | Cladosporium cladosporioides 100
11 SF-7247 | Cladosporium cladosporioides 99.58
12 | SP-7248 gjdﬁﬁgglﬂ‘j” Hﬁflﬁg%%l‘*sm)' 100
13 SF-7249 | Penicillium rubens 100
14 SF-7250 | Cladosporium oxysporum 100
Cladosporium inversicolo(HM148104),
15 SF-7251 | Cla. tenuissimunm(AY545639), 100
(la. subuliforme HM148196)
16 | SE-T252 | o ey 100
17 SF-7253 | Cladosporium inversicolor 100
18 SF-7254 | Cladosporium inversicolor 100
19 SF-7255 | Cladosporium oxysporum 99.79
20 SF-7256 | Penicillium rubens 100
21 SF-7257 | Pithomyces chartarum 100
22 SF-7258 | Cladosporium halotolerans 99.79
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Strain No Closest relative Similarity(%)
23 SF-7259 | Acremonium implicatum 100
24 SF-7260 | Engyodontium album 100
25 SF-7261 | Engyodontium album 100
26 SF-7262 | Acrodontium crateriforme 99.77
27 SF-7263 | Pseudocercosporella fraxini 99.78
28 SF-7264 | Cladosporium tenuissimum 100
29 SF-7265 | Penicillium commune 100
30 SF-7266 | Penicillium glabrum 100
31 SF-7267 | Cladosporium cladosporioides 100
32 SF-7268 | Penicillium cosmopolitanum 99.6
33 SF-7269 | Epicoccum nigrum 99.57
34 SF-7270 | Cladosporium cladosporioides 100
35 SF-7271 | Cladosporium cladosporioides 100
36 SF-7272 | Penicillium rubens 100
37 SF-7273 | Penicillium herquei 99.8
38 SF-7274 | Cladesporium cladosporioides 100
39 SE-7275 | Periconia pseudobyssoides 99.15
40 SE-7276 | Penicillium rubens 100
41 SE-7277 | Cladosporium oxysporum 100
42 SF-7278 | Aspergillus glaucus 100
43 SF-7279 | Aspergillus versicolor 100
44 SE-7280 | (Jadosporium cladosporioides 100
45 SE-7281 | Talaromyces cecidicola 100
46 SFE-7282 | Penicillium atrosanguineum 98.42
47 SF-7283 | Penicillium rubens 100
48 SE-7284 | Peniophora incarnata 99.62
49 SF-7285 | Penicillium rubens 100
50 SE-7286 | Penicillium rubens 100
51 SF-7287 | Penicillium rubens 100
52 SF-7288 | Penicillium rubens 100
] FEE XY A RS 71 B F3 987100% 5 HERWH o™ SE-7282
o A$ Penicillium atrosanguineum® 98.42%°] 7} @& FAI=E YER AT




o ArlAdte R $5Fe F40] o Folx A o}

1.85% Haromyces 1\85% Acremoniuml.B5%
Acrodontium 1.85%
Azpergillus5.77%

Epicoccum
185%

Engyodontium
3.84%

e sAZAY ddm EAo| w2 XS Penicillium rubens(5)3} Aspergillus
glaucus(1) 2 YERSTh 250 3k AdA o] =& WA XIS Cladosporium <
(C. cladosporioides(2), C. oxysporum, C. silenes)®] 4%, Penicillium % (P.
commune, P. glabrum, P. purpurascens, P. rubens)°] 4% 191l Ustilago % (U.

o

nuda)®l 1E2=2 F 3% 8F o= Ueyth. Penicillium rubense @3 Edo] ¢

A AT BT Atk
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Abbreviations

*BC = Box core JH| *MC = Mubti core 3] *DR = Dredge *HEW = Head Sea Wates

Na j i m Gngin i s Mo, | mpont dete | Nt Sonple 1D ! “',,‘:“ “I',_,‘;‘i"'l Bt | ovpuncanon | samage pace | Operen a«-mi Siorige ame | M dats code i e _;:“m i | ot
1| eisesm fons bew | #ETIO | 2015 o1 =i RE2 #ET10-CT0-8 i 12 | A g MNBREY) | #EN 2048 11 AL LM
T3 [wmawn | | wwses| mmo | miser | oD | Aenocios | mww | 28 | EBA | 6w | Jusmax) | sue | owa Az ==3 T | T
3 | sawm v | w0 | s | o NS NSTIOCTD- | Bastert | 24 | Ea Eopr mazmEy) | pue | mu ] =
4 | csasur Rowees | #STI0 | FMS 0L | OD Ra2 #STI0-CTD-2 Bacherial 3 | B Copr MR | &fE | o6 o ad ETAAUT
5 | cesems woves | w0 | s [ o RS2 eSTIOCTO | Bacwnsl | 27 | EA opii wamEy) | #EN | o6 u A L=
6 | KESAeE Bowa s | SSTIO | SO0 | OO REZ BSTIO-CTD-A Barterisl | 2 EA Eopn SRS | AR | 260 A EESMT
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10 | Kisasan novsses | wsmiz | 2owson | oo | mosksrestcins | seces | 3 | 6 opei 021 B E 016, 11 gy KELA303
1t | eEsass wonsses | w5t | 2msos [ cm AS2ESTILCTDB | Bectesl | 17 | EA ol mAREU 2018 11 -0 KERAB0Y
1 | s IEETTED RS STULCTDE | Bactersl | 23 | EA wpn HABREL 2016 11 e EEASOS
1 | esass Sowses | ®sTL | msol | oo ASZESTILCTD-B | Bacsnai | 37 | EA o HERAEMEY 2016, 11 #-5n ERAS0
14 | Kisasar wowws | st [ s | oo RS2 PSTILCIDA | facwrsl | 17 | EA ol HABAE Y 2016 11 - kESA507
15 | EpSA50R Bons vee | FETIL MME 0 o M52 FETIE-CTD- | Bactenisl 11| g BNEMEY) 2008 33 -E10 CFAS0R
1 | xsasn (s | #n1 | 1o | OD | W2 | s | 16 | 6 o | mnsmen T | s
17 | emasn doaen | wstil | mas o | oo W esricroe | echeisl | 23 | pa opri mTYR L) 2016, 11 ] [
1 | cesasnn bosee | st [ ois o [ oo RS2 PSTILCTD-L | Bechenal | 27 | EA opti maEdE 2018 11 " €E5as11
1 | cemanz fomses | #5713 | s | oo ASZEETI3CTD? | Bactel | 18 | EA opn BABEEY 208 11 53 Esas12
0 | wmas wowwa | T3 | s [ oo RS2 ESTIICTD7 | Bactest | 15 | EA g HNEREY] 2016 11 o EEASLY
7 | kimasia wowsss | #5700 | s | oo HSI#STISCTDR | Boctersl | 21 | EA e JEamEY 16,11 HS EEAsLY
72 | omasis Wniws | #570) | 1501 | O NS PSTIACTONR | factwnsl | 24 | EA o MHRMBY 016 11 "o oot
"2 [usasie | | M | mna | svisor | on | Rsemstacion | e | 4 | BA | Gl | moismea | eus | moan | mw | ="a I ] —
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ok

B FE2ES gidew 54 fFd diAbAl 24 2 ol AzEs sk
ESI Q-TOF MSoll A &4 &3t}

(1) SANFY=] tHAA etolB g 24
@ HPLC #4%7: Column : Endeavorsil (2.1 x 30 mm) / oventemp : 40C, ©]&7¢
A = Water (0.1% FA) / B = ACN (0.1% FA).

Table 3-10. HPLC multi step gradient (Sample injection : 2 ppm / 3 uL injection)

Time (min) Flow (mL/min) A% B %
0.3 30 20

0.3 0 100

0.3 0 100

55 0.3 30 20

99 0 80 20

10 0 30 20

@ Q-TOF MS #4z=1

Lolg) o] ¥

THA Z7 kol A A5k

Table 3-11. MS method experiment 1

Method Parameter
Scan type TOF-MS
Accumulation time 0.25 sec
IDA experiment on
TOF masses 100 = 1000
Duration 5min
cycles 428
Source gas (1) & (2) (1) 30 / (2): 30
Curtain gas 15
Source temp 400°C
Ion Spray Voltage Floating (ISVF) 5500
Collision Energy (CE) 10
Declustering potential 80

Table 3-12. MS method experiment 2

Method

Parameter

Scan type

Product ion

Accumulation time

0.099988 sec

IDA experiment

on
Mass range 100 ~ 1000
Duration 5min
Declustering potential 80
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Method

Parameter

Collision Energy (CE)

44

Collision Energy Spread (CES)

0

Ion Release Dealy (IRD)

30

Ion Release Width (IRW)

15

@ diARAl 2telHeje] w4

chromatography), XIC (Extract ion chromatography) A& =

an At

ey grolB g AE < TIC (Total ion

L R v i [ 4197 i E 1 35558 i v tan 3 204 e
TV ITET ATy 034, 93 11
1m
ane oo
T
200 * nes
- “ sas
, o | |
g { w 2o
£ zom | £
£ T,
£ | #
ma £
3943 g 489 s
1ol gm |
A PPrIoE | " e
I : oo
ey e e e
i sl ]I PR L ) uhoa
0 P :

Ity cpe

Fig. 3-5. An example of 4 kinds of data
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MS/MS

to be uploaded library — TIC, XIC, TOF MS,

Adil a Racord 3
Macs Specisl Infutmalion | Genmaf Infoimaon |
Identfcaion -
Compourd Name [13755F_0006_36913
Spnanyme |
Fomea [C24H24M1 307 Modeculsi \Woight (16770 Da
a5 Nurmose | Eompourd Clase | Comp. 10 |
U Vi [ et | T lrpaml Starcdad
Conserd 1.
B o el ) CEAA.0; NI TY M 848 opy -m
P U-CGIEE: = = 3
g = r
b= 3
13 I} T
R Pt | a0 4
™ Ll . IR
@ %0 a0 W0 em
miz 0
Cumert Spec |+ Precuno=0 ] E=40 ATad7imn) i
Cratanaen |TnN ::
Mhais Spec Data
e e——
Irsttnmen Modet [ TogieTOF 4600 - Vo Sounce: | DuaSpesy bon Scuce =]
ottty [Feae = ScamType: [TOF M52 =
Tt Pustiorae J0 Da Colision Erel a8 g5 | Chage Sta 7. [+1 =]
oL ——— Dn Ewcitason Enegy | Chagestaz [~ -]
CAD Gan Tope [ | C40 Banvaba [0 Fleterniion Tme: 136913 i Aasouiiore [une =]
Comsen 2
Commant 3
ok Cancel Fint Help |
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Fig. 3-6. An example of uploaded data on library

(2) =9 Folreg] HH | excel DB &x 2 ¥
AB Sciex ESI Q-TOF #Hle] ooy g2z 1 x Aozl glo] B ey

HABE excel DBE 730, 85 = AH+= ol e g 212 %+= compound
ID, compound name ¥ formula % X, molecular weight 52| 7]¥24 <2l A H 7}
A AT

o A+ Ay

(1) WAA] gho] meje] A%t
71 grgk 52 F diAbA 24 2 o]y AZE $lskel ESI Q-TOF MSellA]
AT £ 319 9 F2EE AR F &2 o] Azt BAo] fawYi, 1 = o
Il EelHE AA gholnefelel gt Agistel 600 el Ango] ¢z
vk ARYAE 4R e MS eholnefeE WO R excel DBE A3t #el

[¢)

il

A=t ] I =
1 2013 H3 Ross sea Fld &5 Library

S Samgle Nams

13RE5# PO

bbb eth a5

7] dRgk d5 223 T FEE AEE UL E ESI Q-TOF MS 24 &
3k, 1 F v &= dlolHE AA gelBelge] fdHEte] 600 /Mo AR YPHS ¢
5 olH#lg] AHE excel database® T=3stP o, JHFH =

+ compound ID, compound name ¥} formula AHE

_5‘]_



N
rr
i
i,
o
=3
N,
i)
o,
o
)
rg -
(s
)
o3}
)
=
%)
k)
o,
o
o,
AC)
il
o
ofo
PL
£
o,
2
re
it

5 gAbA B4 719 3 9 gixbA 24, DB g RE F)
of, F83 FFE ayHor AT A nAE hAA 9 target, non-target 4

]
gote], 7 WA F oA 2871% ALS A AR Bed Qo] mw

o A
(1) LC-MSE o] &3t FAnA&E] thalA] 4
=] wAE SF7013, SF7024¢] tiAb &2 BAS 98] a2 4d9 potato dextrose

_52_



Fig. 3-10. SF7013 (1)} SF7024 (&%) 47

(2) A HFM A= el WA 2=

AF Fell wFESYH A 24 =4S FA5H7] fste] EtOAc FE&° st 4
C18 flash column chromatographyE wAIZA 7]1<7] &2W [20%, 40%, 60%, 80%,
100% (v/v) MeOH in H20 (400mL each), dichloromethane:MeOH (1:1)]2.2 %1 8§53}
o 7% AzvtEada g o83 AR Fel| AsE MS, NMR 59 717 #4&
o 1 FxE et

o A A3}

(1) LC-MSE ©o]-&3g A= thAA] 4]

7hH FA vAE FEES] LC-MS 24 =1 &4
EAS g8 5SS MeOHel =9 02 109 membrane filter®2 ZE ¥ LC-MS
(Waters UPLC/Ion trap (IT) MS and quadtruple time of flight (Q-Tof) MS system)
E )83k metabolite’} S35 el ¥ MS7F detect 2 F U+ HAH 4 =7
< 93t UPLC o]sd 222 0.05 %2 Formic acid’} & &3 ACNS A&
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gte] ACN 20-100 %= gradientFo] 7%3F #Ax270S s, 443 MS o3}
=15 g4t (Fig 3-11).
LC/MS &4
UPLC Q-Tof
* UPLC system: Waters ACQUITY UPLC™ « Capillary (V) 2800.0
= Column ACQUITY UPLC BEH C18 » Sample Cone (V) 28.0
. (2.1 x 100mm, 1.7um) » Extraction Cone (V) 0.8
» Mobile phase A: 0.05 % FA in Water + Desolvation Temp (°C) 3000
B: Acetonitile » Source Temp (°C) 100.0
* Flow rate: 300pl/min
s Injection volume: 2pl - TOF Flight Tube (V) 5630.0
s Column temperature: 35°C « Reflectron (V) 17300
+ Gradient condition: + Pusher 8604
+ Puller 650.0
Time
i rate -nm » Start Mass 100.0
» End Mass 1500.0
Initial 800 200 + Start Time (min) 0.0
7.00 300 00 1000 6 . End T;me (?nin)} cig
+ Scan Time (sec ;
=0 0 Lol £ « InterScan Time (sec) 01
8.60 300 80.0 200 6
10.00 300 80.0 200 6
Fig. 3-11. &9% LC-MS 4=
A

UPLC analysis of SF7013 MeOH extract

& SF013 F=&== 433

4 A3, UVel MSA

4

7 min 20-100% ACN

(Fig. 3-12). SF7013 =
1 478e) 54 A< peako]l YEREH (Fig.

Acquity UPLC BEH C18 Column

PDA

500 650 700 750 800 BS0

900 850 1

0,040+
00304
2 0020
0.0104

0.0004

254 nm

000 0% 100 1% 200 250 300 350 400

Fig. 3-12. SF7013
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MS analysis of SF7013 MeOH extract

RT: .00 - 10.00
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3-15).

UPLC analysis of SF7024 MeOH extract
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Fig. 3-13. SF7013 %+ MS

FEE LC-MS 24
d LC-MS A z7d0=2 SF1024 F5%5
=8 LC-MS #4

L}
o ) P =
T¥ T T

8

A3k, UVeE MSAelA 8719 543

1.00 768 824 B8.48 ass 926
i | L B I T

7 & °

4 Ay
S BEA3sktE (Fig. 3-14). SF7024 3

Ql peake] YEWTH (Fig.

Acquity UPLC BEH C18 Column
7 min 20-100% ACN

380,00+
360.00
340,00+
320.00-
E 300,00
280 00-
260.00
240,00+
220 90:1 o
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- 5 - - = e - ; —= -
550 600 50 700 750 P00 B50 800 950 1000

0354
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020
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0.004
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o
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MS analysis of SF7024 MeOH extract

Firiainve Aundanoe
i

HT: D00 100

Finlainve sundanos
L

Wl giAbAl 4 2 DB 75
=9 AR 4 2 DB 7=

WARA EA A vERE 4788 54 A<
SciFindere} %22
HR/MS #2412 molecular formulag o 53} T}

(th =Amd= FE=
@® SF7013 %
SF7013 F=&2| o

spectrums  #413lo] Reaxys,

Al 3 star

de-replication<

SF7013 F=%2] 4709 peake] MSe HR/MS +4 Z3} Peak (1) % &3tk
S ZHA] ek al, peak (2)& A 434, CpHyOoZ, peak (3)&
peak (4)L 1 C17H13N302i v‘f"ﬁ.ﬂi’i‘:} (Flg 3*16, 17, 18, 19)
{1) " z_g%%;naqm
sz Unableto find Molecular weight sl )
. Pos ‘+j 0.40 / |
E i . Z 030 '!\I
é : £1.82 " —
?: A ’El | “‘l-" 554&5[ — n.on—zzuaum' 00400.00
Neg(-)
E :: qa a0 S T [' \i106 i o

Fig. 3-16. SP7013 peak (1)°] UV, MS 4]
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Fig. 3-17. SF7013 peak (2)¢] UV, MS i
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De-replication Results of SF7013 MeOH extract

No. Naiie Molecular fo Mo!e_cdar Strichire
rmula Weight

1 = deet gAg FR 28
CH:

o OH CHy
HiC o ) CH,
HiC T =
2 Asperetranone A CyHiN.O,  434.44 Gm
HE H

CHy O ©

H_FH H_Frs ! CHy
Circumdatin C i o i i

3 Circumdatin G Cy7H 3N2O5 307.3 é,u)—_@ N)F{—\SJ« !r}N }/‘@

Circumdatin L HO J = = (N W |

OnCH;

4 (S)-(-)-Citcumdatin F Cy7H3N305 291.31 }N
Q j

Fig. 3-20. SF7013 F%+ W9 peak 174 de-replication 2}

@ SF7024 F==9 A4 24 % DB 15

SF7024 F&=E°] thAAl EAel A vebd 8709 57421 peakel thisl] ool o)
MS % UV spectrums -A3}e] Reaxys, SciFinder$t #2 +d 74 databases
o] &3t de-replicatione Ale&ta HR/MS A4S =2 molecular formulag o 53+
=3

SF7024 FZ=%2] 8719 peake MSe HR/MS #4 A3} peak (1) A= 223,
molecular formula CiogHoNOsZ, peak (2)= 288, CisHi206%, peak (3) 272,
CisHpi2O52, peak (4)+= 343, peak (B5)& 529= A AT+ (Fig. 3-21, 22, 23, 24,
25). Peak (6)2 A& 574, molecular formula CsHyxOn=, peak (7)3} peak (8)-2
2 FAFEE 556, CaHuOp=E A=A (Fig. 3-26, 27, 28). 7L 5 peak (3),
(6), (7), (8)2 A UV g oz e Alde sgER o
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Fig. 3-21. SF7024 peak (1)¢] UV, MS
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Molecular §

armula

1 Aspemyrones &

2 Aspampyrone D Fang et al , Molecutes, 2018, 21, 941

3 Aaperpyone E

Gorsl-Alintan e al _ J Chem, S, Pedon Trans, 1
(1ETE- 1999, 1980, p. J4T4 = J4 TR,

K. Alkryarma #tal  J Had bl'l:rd DO, 66,136 = 130

4 &-O-demathylnigercns
A5G B26 L= PF m
§ ASpeTpyTOnS A

8 Riabdpas o A Huarg et al , Planta Med , 2090, 76, 1888 - 1891
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A EAFY UV AYS Aspergilluss 9172 wdS AAg Ay, peak (1)+
pyranonigrin A%, peak (2)2 monodictyphenone® peak (3)2 rubrofusarin® =5
N3L, peak (D)} peak (B)= 71E LdolA A= UV ddl S whhsi= sigtes 3t
A kATt 1813l peak (6)2 aurasperone FZ =% 13l peak (7)3 peak (8)2
o BATRE ZE TR fARSE shebE S sbueta oS5 EH Ao (Fig. 3-28).
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De-replication Results of SF7013 MeOH extract
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@ A AFNYE Fol A PR
b SA G AAE el A2 thAA o+
FIa AFAYE F A SFI077 #Fe] wF FEE 625mge 4% HFME F

S=ES gH3AY (Table 3-13).
Table 3-13. A G AE Fdl F=2E AL 55

NO Sample ID T3 A FZ4u FEE 74
1 SE7077(PDA) SAAE 2 A= EtOAc 62.5 mg
2 SF7077(vermiculite) SAAE F3H A E EtOAc 9119 mg
3 SF7126(PDA) SAAE 3 A= EtOAc 62.3 mg
4 SF7126(vermiculite) SAAE F3H A E EtOAc 927.2 mg
5 SF7136(PDA) A= 2 A= EtOAc 188.2 mg

D FAAE Fd WS SFOIS6RHE Axd B EoA &4 i g A+

=

aeF el 5 SFEIShENF-E Alg]l &4 EdES 467l 9ste] EtOAc F&+&
15356 mg= 4

40%, 60%, 80%, 100% (v/v) MeOH in H>O (400mL each), dichloromethane:MeOH
(I:D]o= Z&F3FATE 0% wlerS 3 & SF6155-4 (585 mg)e silica gel column
chromatographyE &% 71 CH.Cly:Acetone (80:1-0:1)= =l dslo] 18719 w3 &
(SF6155-4-1718)5 At BEE  SF6155-4-5 (714 mg)E  semi-preparative
reversed phase HPLCE ©AA 7]&7] &2W [75%-83% MeOH (0735 min)
88%-100% MeOH (35736 min) 100% MeOH (36766 min) in H;O (0.1% formic
acid)]o2 sty 871%] £ E (SF6155-45-178)& <LAa, I = &
SF6155-45-4 (30.5 mg)¢t SF6155-45-5 (6.8 mg)E AU &I & SF6155-4-6

(673 mg)E& semi-preparative reversed phase HPLCE WAZA 7147 €849

4} Cig flash column chromatography S ©A % 7] &7 €8%W [20%,

[55%-100% Acetonitrile (0751 min) 100% Acetonitrile (51761 min) in HO (0.1%
formic acid)]o.Z Fd3ste] 6714 & (SF6155-46-178)S AL, 11 5 5=
SF6155-46-3 (3 mg)S AUtt. £ E SF6155-46-4 (7.3 mg)< semi-preparative
reversed phase HPLCE ©AA 7]&7] &2W [94%-94% MeOH (0750 min)
94%-100% MeOH (50751 min) 100% MeOH (51761 min) in H,O (0.1% formic
acid)] 0.2 1 dste] 3}3t&E SF6155-464-1 (24 mg)s ATt
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SF6155 (1535.6 mg)
reverse phase C18 column chrom atograplny

(48 X 210 mm)
SF6155-1 SF6155-2 SF6155-3 SF6155-4 SF6155-5 SF6155-6
20% MeOH 40% MeOH 60% MeOH 80% MeOH 100%MeOH  DM:MeOH (1:1}
86.0 mg 91.0mg 4029 mg 585.0mg 178.1 mg 18.6 mg

silicagel column chrom atography
CH;Clz - MeOH (80:1)

SF6155-4-5 SF6155-4-6
714mg 67.3 mg
reverse phase C18 HPLC separation

7595-88% MeOH (0-35m )

88%-100% o\deOH(,( 536::3 feiverse plisd C18 HFLC Sepaution)
100% MeOH (3 6~66min) 53%-100% AcN (0-51m)
100% AcN (51-61m)
SF6155-45-4 F6155-45-5 !

e 8mg SF615546-3 SF6155-46-4

3.0mg 7.3 mg

reverse phase C18 HPLC separation
0495049 MeOH (0-30m)
95%-100% MeOH (50-51m)

100% MeOH (31~60m)

Fig. 3-29. X3t SF6155 S 2458 #did &4 tiibAle] E2=

@ FAAE Fd "AAE SF6TVETH Axd Ed=oA &4 thAA 8 A+
=4 el FEll wAE SFeT96EFH Aeldd EdS @487l f1ste]l fernbach
flask 2070l Zt7} A 75g & wigshe] 14U4%F wikskdth EtOAc (20 L& &
3ol 518¢ge 9, o] F=EEE (Cp flash column chromatography(CC,
45x380mm)E FHFeFAT. olw &EFEviEE TGAA 77 &EHE AFESA
[20, 40, 60, 80, and 100%(v/v) MeOH in H.O (700mL each)], =& 6796V-176=
ATt 100% WEE F9&E 6796V-5 o tjste] Silica gel CC [CHCl3-MeOH (1:0
to 1:22)]1& F3d3ste] 6796V-5-3 (12 mg)¥ I A FE 6796V-51-145 AT}
2RI E 6796V-559] thale] Sephadex LH-20 CC [Hexane-CHyCly, (1:4)]5 438}
o 670e] AFEE 6796V-50176E AU 1 F ATEE 6796V-5520] st
Silica gel CC [Hexane-Acetone (10:1 to 2:1)]& 383do] 6796V-5521 (17 mg) 4
6796V-552-4 (76 mg)S AR om 6796V-55219] w3t semi-preparative RP
HPLC [60-100% MeOH (with H,O), in 50minlE& 33}lo] 6796V-552-1-2 (8 mg,

tr=20 min)S LA}
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SF6796 (Vermiculite) culture
(PDB+Vermiculite. 20 EA. PDB 400 mL+Vemiculite 75 g. 14 days)

'

Extraction with EtOAc (20 L)

'

SF6796 (Vermiculite) 5.18 g

yme C18 column chromatography
+ column mze - 43 X 380 mm

Fig. 3-30. 3t SF6796V S 24E e &4 iAo &=

() B4 oA Tx B

@ SF6796V-53 (6,81 -tri- O-methyl averantin) 2] +% ZA7A

Fig. 3-31. Structure of SF6796V-53

313 SF6796V-53 = 'H NMR spectrum o4 hydrogen-bonded hydroxyl
group 9 &y 13.77 (s, OH-1), hydroxyl group®! &y 944 (s, OH-3), 27§¢]
meta-coupled aromatic protons [y 7.44 (d, J = 2.4 Hz, H-5), 6.77 (d, J = 2.4 Hz,
H-7)], 17§¢] aromatic proton [6u 7.22 (s)], 3709 methoxy groups [6u 4.00 (s,
OCH3-8), 397 (s, OCHs-6), 3.46 (s, OCHs-1")], 47§2] methylene groups [6gx 1.75
(m, H-2), 1.83 (m, H-2"), 1.40 (m, H-3"), 1.30 (overlapped, H-4'), 1.32 (overlapped,
H-5)] 21&7F 29tk ¥C, DEPT NMR spectrum el A 2371 ¥C 2155 g<ls}
A3, 1702 methyl group, 3782l methoxy groups, 4712] methylene carbons, 47§ 2]

methine carbons, §¢ 186.9, 182.12] carbonyl carbonsE 3*¥33F 11702] quaternary
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Atk H-'H COSY spectrumell A H-10lA H-37k%¢] o143}
H-5'¢F H-6'¢] A4S &21353a, HMBC spectrumol| A H-4°l4 C-2', C-5, C-6
9] correlationg &2¢138lo] six-carbon chain® &S &eldta, T3 HMBC
spectrumol| A H-1o 4 C-27} H.o]+= Z S & six—carbon chain moiety 7} C-2¢} 4
A" AL Lokt 2709 aromatic protons$! [8y 7.22 (H-4) ¥} 744 (H-5)]°l A=
Zyzy [6¢ 182.1 (C-10), 133.1 (C-4a), 162.3 (C-3), 110.3 (C-9a), 119.1 (C-2)]3}<]
correlation, [6¢ 182.1 (C-10), 115 (C-10a), 137.6 (C-8a), 105 (C-7), 165 (C-6)]2}<]
correlatione &2lsle] C4, C-5 28l C-109 Y& A4g3stA)

. J Ko ik kit Jw'-JLl

T T B L S UNE LI BT
LY TEN % § 9% £ E 234N R RENS 3993

L

|

g 2o ¥
Pk TS

Fig. 3-32. SF6796V-53¢] 'H-NMR Spectrum
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Fig. 3-33. SF6796V-53 ¢] “C-NMR Spectrum
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Spectium boee E7900-0T il [ample 1) - TurmSamplelD, «TOF M5 (100 - 10050 from 2 775 bo 2265 mn
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Fig. 3-38. SF6796V-53 2] HR-ESITOF mass spectrum

7.44(d 2.4)

14.1
0.86(m)

9.44(s)
OH

/O

56.1 165 2.6
3.97(s) 1.75 (m), 1.83 (m) 1.32(overlapped
105 31.6
6.77(d, 2.4) 1.3(overlapped)
162.9 25
»8.0) 1.51 (m), 1.4 (m)
(0] (0] OH (0]
e 13.77(s) g
56.7 58.1
4(s) 3.46(s)

Fig. 3-39. SF6796V-53 ¢] 'H-NMR % "C-NMR Spectrum (Recorded in CDCls)

Table 3-14. SF6796V-53 ¢ 'H-NMR 2 BC-NMR data (Recorded in CDCls)

position §C*P SH* (J in Hz)

1 162.2

2 119.1

3 162.3

4 108.6 7.22 (s)
4a 133.1

5 104 744 (d, 2.4)
6 165

7 105 6.77 (d, 2.4)
8 162.9

8a 137.6

9 186.9

9a 110.3
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position §CP SH* (J in Hz)

10 182.1

10a 115

1 79.7 495 (dd, 5.1, 8.0)

2 34.7 1.75 (m), 1.83 (m)

3 25 151 (m), 1.40 (m)

4 316 1.30 (overlapped)

5 22.6 1.32 (overlapped)

6 14.1 0.86 (m)
6-OCHjs 56.1 3.97 (s)
8-0OCH3 56.7 4.00 (s)
1'-OCH; 58.1 346 (s)
1-OH 13.77(s)
3-OH 9.44(s)

“Recorded in CDCl;, "100 MHz, “400MHz.

@ SF6796V-522-1-2 (6,8-di- O-methyl averufin) ¢ +% Z24A

Fig. 3-40. Structure of SF6796V-522-1-2

33t e SF6796V-552-1-2 ¥ 'H NMR spectrum Aol 4] hydrogen-bonded hydroxyl
group [6x 13.55 (s, OH-1)], 279 meta-coupled aromatic protons [6y 7.46 (d, J =
24 Hz, H-5), 6.78 (d, J = 2.4 Hz, H-7)], 171¢] aromatic proton &y 7.21 (s, H-4),
2709l methoxy groups [6y 4.01 (s, OCH3-8), 3.97 (s, OCHs-6)], 17§19 methyl
group?] &y 1.57(s, H-6"), 1702] oxygenated methine?! &y 538 (d, J = 3.1 Hz,
H-1°) Zz2]3 37H¢] methylene groups ¢! [6y (1.87 (m, H-2"), 2.09 (m, H-2"), 1.65
(m, H-3), 183 (m, H-4), 206 (m, H-41E &<la3irt. “C, DEPT NMR
spectrum Al A 22712 BC A& E gelstelar, 1719 methyl group (8¢ 27.8) 2 7l
9] methoxy group (§c 56.1, 56.7), 37§ 2] methylene carbons (§¢ 16.0, 27.5, 36), 47}
9] methine carbons (§¢ 67.2, 104.0, 105.0, 107.1), 27§ 2] carbonyl carbons (§c 182.7,
186.9)¢} 107H¢] quaternary carbons (§c 100.9, 110.1, 1154, 1169, 132.6, 137.7,
159.7, 159.7, 1629, 165.0)5 <13} T}
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Fig. 3-42. SF6796V-552-1-2 ¢] BC-NMR Spectrum
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Fig. 3-44. SF6796V-552-1-2 ¢] HMQC-NMR Spectrum
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Fig. 3-46. SF6796V-552-1-2 ¢] HMBC-NMR Spectrum
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[ Spectum fom 673V-522-1-2 will [rangle 1] - Sample 1, +TOF M5 100 - 20000 hom 2 882 16 1275 mn
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Fig. 3-47. SF6796V-552-1-2 ¢] HR-ESITOF mass spectrum Spectrum

1.57(s)
279

56.1
3.97(5)\ 7.46(d, 2.4) 721(s)
5 104

6.78(d, 2.4)
1.65(m)

5.38(d, 3.1) 275

O (¢} OH 2.09(m), 1.87(m)
/ 13.56(s)
56.7
4.02(s)

Fig. 3-48. SF6796V-552-1-2 ¢] 'H-NMR % BC-NMR Spectrum (Recorded in
CDCly)

Table 3-15. SF6796V-552-1-2 <] 'H-NMR 2 “C-NMR data (Recorded in CDCls)

position §C*P §H* (J in Hz)
159.7

116.9

159.7

107.1 721 (s)
132.6

104 7.46 (d, 2.4)
165

105 6.78 (d, 2.4)
162.9

1154

186.9

O o H s W~
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position §CHP §H** (/ in Hz)

9a 110.1

10 182.7

10a 137.7

r 67.2 5.38 (d, 3.1)

2 275 1.87 (m), 2.09(m)

3 16.1 1.65 (m)

4 36 1.83 (m), 2.06 (m)

5 100.9

6 27.9 1.57 (s)
6-OCH3 56.1 3.97 (s)
8-OCHj3 96.7 4.02 (s)
1-OH 13.56 (s)

“Recorded in CDCl;, "100 MHz, “400MHz.

@) SF6796V-522-4 (sterigmatocystin) ¢ T+% ZA A

OH O OCH;

18

Fig. 3-49. Structure of SF6796V-522-4

3135 SF6796V-552-4 = 'H NMR spectrum ol A 470¢] aromatic protons?! [Su
6.44(s, H-11), 6.76 (d, J = 83 Hz, H-4), 6.83 (d, J = 7.3 Hz, H-6), 750 (t, J =
8.3 Hz, H-5)1, 2709 olefinic methine protons¢l [6y 545 (t, J = 2.7 Hz, H-16),
650 (t, J = 2.7 Hz, H-17)], 1709 oxygenated methine?®! &y 6.83 (d, J = 7.3 Hz,
H-14), 1782} hydroxyl group®! &y 13.22(s, OH-3), 170 ¢] methoxy group?l &u 3.99
(s, OCH3-18)& #2lat9lth BC NMR spectrum ol A 1871¢] BC 25 & sty
3, 1 709 methoxy group (6¢ 56.9), 170¢] carbonyl carbon (6¢ 181.5), 171<]
methine carbon (§¢c 48.2), 1709 oxygenated methine carbon (&¢ 113.3), 127§<]
aromatic carbons (8¢ 90.6, 105.9, 106.1, 106.6, 109.1, 111.4, 135.8, 154.2, 155.1, 162.4,
163.4, 164.7), 271 2] olefinic carbons (¢ 102.6, 145.5)< <13}t
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Fig. 3-50. SF6796V-552-4 ¢] 'H-NMR Spectrum
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Fig. 3-51. SF6796V-552-4 ¢] BC-NMR Spectrum
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Fig. 3-55. SF6796V-552-4 ¢] 'H-NMR % C-NMR Spectrum (Recorded in CDCls)

Table 3-16. SF6796V-552-4 ¢] 'H-NMR % C-NMR data (Recorded in CDCls)

position §C*P

§H* (/ in Hz)

1 181.5
2 109.1
3 162.4
4 1114
5) 135.8
6 1059
7 155.1
8 154.2
9 106.6
0 164.7
1 90.6

6.76 (d, 8.3)
7.50 (t, 8.3)
6.83 (d, 7.3)

6.44(s)

_83_



position §C*P §H** (/ in Hz)

12 163.4

13 106.1

14 113.3 6.83 (d, 7.3)

15 48.2 482 (td, 2.2, 7.1)

16 102.6 545 (t, 2.7)

17 145.5 6.50 (t, 2.7)

18 96.9 3.99 (s)
3-OH 13.22 (s)

aRecorded in CDCls, "100 MHz, “400MHz.

A FrE diAbAe] 24 2 Fx S 9d SPE, filtration, solvent extraction,

FHstach LCO B4, mAY 27, MSY o3 =

512 Ealo] HAo B4 AL g gHd =4
o7 AgE BAo tatAle] UV spectrum, MS spectrum EH3t 1 #3139 H

f
o
"
i\
d
\®)
o\
Jo
Sh
Jot
(i
3
o

& 759 dAAE shaew, 2eE 7E 24
TR A 7he 35 - 242 gdEeld (Fig. 3-56).

Structure of 3 compound isolated from SF6796V |

O  HLO0

SF6796V-522-4 : sterigmatocystin

SF6796Y-522-1-2 : 6,8,1'-di-O-methyl averufin

Fig. 3-56. Structure of 3 compound isolated from SF6796V
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A2 8 HAFA &85t 7HE AT
1. 29 tARAl &4 SR
7F A

.
(1) Fobey] 24y AT

=24 | FAE A& Lobaric acid, Lobarin, Lobastin®] W% A &35 ZH35}7]
3}

&to] in vitro AW S ol &t WAxd HE&S AT HEIAEZAA A

FRaEd A, AR TFAEAA ALES JAEHE A7

COREL L

RAW 264.72 10% FBS, 1% penicillin-streptomycin (10,000 U pen/mL, 10,000 pgg
strep/mL)¢] £%% DMEM (Dulbeco’s Modified Eagle’s Medium)®j =] ol A 8l &3} 1
om  37C, 5% CO, xS FAAT Mxe= AEZwiSd (microplate F=

rob

petridish)oll X E 53 & 12A3F o] CO, ME w7 A FAAAIZ & T ef

Aol ol kst

() Az BEE (Cell viability)

RAW 264.7 M>xE 96-well platee] Zt7t welld 4x105 MEZZ2 F53Fa thgst A g
702 MEE g o Ax AEES SA87] sA MTT Cmg/m)E 25 1
A7kgE $ 5% FAoA 243k Et Wittt Fe S A sk 150 ué DMSOE
7}8te] formazans €& A17] 3 microplate readerE ©]83to] 540nmol A FHEE =

gstel AL AEEL Mt

(th) NO (nitric oxide) 84 =4

= 1x106 cells/wells 53t vite] Faates

i d-PBSE AlH g & =8 e Fd =25 o

Ao A EFS RAW

2
gk AL RAE AL FAs

(@)
..l>
ﬁ_, \]
ofr
20

3t TR AEsEAE 20A17F o] wiYgd &
Ding 5(1998)2] ®WHo| we} =AUt 100 W A5 HS #Hsle] 96 well platedl] =%
71 % Zp2Eel welloll 100 pl9] Griess Al 9FS 718}o] Microplate reader® 540 nmol A

:
FYEE F4490h NOFEE NaNO2E AHgste] 4 B3 FHozYE Auel

N

ATt Griess Al SFol =2 0.1% naphthylethyl- enediamine dihydrochloride,
o} 5% H3PO4-& o] =91 1% sulfanilamide® 5 %% T3 Aoz A& A vtE

o ALgstsit.
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() Eaw Aol By 2 A= Western blot analysis
M¥EE 60 mm culture dish®t 100mm culture dish ©l plated 1x106 ~ 2x106 AE=
EFotl vdd Agxzdorw AEE wsidtt widd AlxE st d-PBSE
o] &3t A& AEFHAE lysis buffer (20 mM Hepes pH 7.0, 2mM EGTA,
ImM EDTA, 1% Triton X-100, 10% glycerol, 150mM NaCl, 20mM £
—glycerophosphate, 5 ng/ml leupeptin, 0.1 TIU/ml aprotinin) 50~100 ¢l Y3 A&
< 5 Fof iceoll 30~60i3F WA FS o dAEE (4T, 13000 rpm, 10%)3}
o] A5 olS FHa| protein assay kit (BioRad, USA)E o] &3&to] wal o] oS A ek}

Ago] o] ge 20~50 pgo] HWMAS A3 Fxo SDS-PAGE geldl @7 953
% Hybond-ECL nitrocellulose membrane® % overnight transfers}$ith @ 2 o] 27
71 membrane 1A17F §<9F 204 5% skim milk in TBST (Tris Buffered Saline
with Tween; 25 mM Tris, 140 mM NaCl, 3 mM KCI, 0.05% Tween-20, pH 8.0)&
blocking buffer® "r5o] 23 ¥ primary Ab in blocking bufferE 147t Hot A
ol At AY & 4TolA 124k Aty TBST®E 63] Al¥ +
HRP-conjugated secondary Ab in blocking bufferE 1A]7F &b Ao A =23}t
TBST=Z 63] A% 3ol detection reagent (ECL)E 7}3%+ ¥ Kodak scientific imaging

filmell =FAA Z47-e] dd S lskit

(v}) Total RNAS] & 2 4=
RAW 264.7 A|3ZZ 60 mm culture dish ©l plate® 2x105 A XS 53l th%3t
A0 AXE wIstdth Mgd AEXZHE A5HS AASL d-PBSE ol &
3o A2 3Fal Trizol reagent (Invitrogen, USA) 05 mlS 7}ste] culture dish ¥}l
Aw=7F Abgbd w74 pipettingdtal e-tubeo] %A Th 5E Bk U mS AR
inversiondt $-9l chloroform= 200 xl& 7}stal 156% &< EE5o]FAU A2oA 10

FAE F 11600rpm, 158 F 4C Q4 et dsde Az

e
2
k
]I,
>Jt

rot
o
0%
rfo
2
x

e—tubedl] =71 ¥ isoprophanols A&=H3} FHOo 7 7}sFil inversion?d
15% Wxslar 11600rpm, 15% =

$hds] AxEA &2 AEfel A 20~40 pt DEPC7F A 2j€ Hit

2
=
@
(o
>
ME
ich
ol
ol
2

)
ox
ol
12
o
Iz
ich
K
(o
@,
o
—t
o,

ZAtk olu) %% total RNAX UV spectrophotometerES ©] -8 3}
70T Y& 2 st
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(¥}) Quantitative Real-Time PCR
RT-PCR (Reverse transcription-polymerase chain reaction)< ©]-&3}o] cytokines?]
mRNA Zd&s FAH9Y. F5% total RNAE RevertAidTM H Minus first
strand cDNA syuthesis kit (Fermentas, USA)E ©]&3}o] mRNA 23 =S =AY
t}. WA reverse transcription step?l total RNAS cDNAZ W=+ Ao g FE3)
total RNAE 2~5 pg¥ oligo dT primer 1 ul, DEPC-treated waterE % ©] A4 total 10
w7F A W F 65T 5 EQF WEEAIZl & 4Tl A 233F WA s o 7]l
Sxreaction buffer (final 1x), 10mM dNTP Mixture 2 ¢, RNase inhibitor (20 units/
w) 1 pl, M-MuLV Reverse Transcriptase (200 units/ul) 1 pl & FH7}gF $of 42T
ol Al 60+, 70Tl Al 53 HEgAIZ]l o A E ¢cDNA mixture 1 & PCR HE-g-ol
AF-&3E T cytokines 2HES &R1st7] #1d PCRS <9t 1 w9 DNA<9 PCR
mixture (ANTP Mixture (final 300 uM), 10xEF taq buffer (final 1x), EF taq
polymerase (final 2.5 units/100 x0), PCR primer, DW)ZS &3%}3to] & 25 plo] &
S 25~303] ®HESk= PCR cycle®z ®E-8HGivh. ol Z4zbe] RT-PCROIA &%
RNA7} AFE-H 0SS &92l5t7] ¢35t house keeping gene?l GAPDHE Ap-&3dlo] &+
7l PCRe X1 &3} t.
real-time PCRS %39 TNF-q, IL-6, IL-1B and IL-18 mRNA & #ZFS 52l1& %
t}. =49 total RNA+= RevertAidTM First Strand ¢cDNA synthesis kit (Fermentas,
USA)E o] 83}l cDNAZ W33kt SYBR Green¥ 5-©]%4 <2l primers(Xenotech,
USA)E ©] &3} real-time PCRE T334t AFE-% primer W3 2t
TNF-a (forward, 5'-CCCTCACACTCAGATCATCTTCT-3" ; reverse, 5'-GCTACG
ACGTGGGCTACAG-3"); IL-6 (forward, 5"-CCACGGCCTTCCCTACTTC-3" ; reve
rse, 5" -TTGGGAGTGGTATCCTCTGTGA-3"); IL-1B (forward, 5-TTGACGGACC
CCAAAAGATG-3" ; reverse, 5'-TGGACAGCCCAGGTCAAAG-3"); IL-18 (forward,
—“CTGAAGAAAATGGAGACCTGGAA-3" ; reverse, 5'-TCCGTATTACTGCGGTT
GTACAGT-3"); GAPDH (forward, 5'-TGC ATC CTG CAC CAC CAA-3’; reverse,
5'-TCC ACG ATG CCA AAG TTG TC-3').

(Ah) 3 weid o) e g A
A S 100mm culture disholl plate®™ 2x106 A EZ EF3to] 247 7Hs b oHA 3k 71
T ud Ay 2doem AEE vt ¥ FEES EYs] S AEE
d-PBSZ A|#3sFal cell pelletel] buffer A (10 mM HEPES pH 7.9, 1.5mM MgCl2,
10mM KCI, ImM DTT, ImM PMSF, 0.1% NP-40)& 2000 3l iceedl A 10% &<t
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wx)ste]l AlZEes myagih. 1 F YAEY (1,500% g, 4C, 108)3te] A5 AS F
st M ZAS gkl Pelletol]l 200u02] buffer A’ (Buffer A without NP-40)&
Wi dEele] oAl dadie] (1,500x g, 4T, 10%) stk oAl A5 ae AlAs A
50 ple] buffer C (20mM HEPES pH 7.9, 0.2M NaCl, 1.5mM MgCl2, 0.2mM EDTA,
25% Glycerol, ImM PMSF)E Y o2 XE & oA F3317] st 408 &
ek iceoll WAt om mw 107 FAo® AHsA 16x < wwkste] Foh 1 o

5 YA (14,000rpm, 4C, 105)3t & T do] 3ty A5 NS FH3e Bio-Rad

(¢}) Immunofluorescence
6 well plate ¥o HET A slideE Y3 2 fol AIXE 1x106 cell/mlZ FF3Fo] 12
AP SR AEE PSS A2 udd Az or AEE wjYFetitt. PBS®E Al
EE A FE & 3.7% formaldehyde”} ¥:3t¥ PBSZE Ab2oA] 168 &9 AlXE 1174
AT NS Mol PBS®E 59 AFgE Fo A7EE 100% HIEES o] &35t
-20Cel Al 1045 <t permeabilization A%l & PBSE AMXE 1AIZF 5t d=olA
blocking 3%+ % p65 12 SAE AHElsle] 4T A overnight o). o] F2 3ol A
fluorochrome®] conjugation ¥ 22} &AE 1A17F &2 3%t siv} w8 wjx &
7hek & 7 S92 E Y dnFdow fEeAY. d3 A

3
FAE Lo A 434 pe5 e %S Confocal microscope® &3 JAFHEA] 7]

Zk ]
2 ol g3t Z7te] Fye] Wl Frs ZASAC
o, AT Aw

(1) &otEy] &4 A+
Oh F=al A el B WAAE veHst B EHl=E AR AT
@ WHAAHEF Raw 264.791A4 Lobaric acidel 2|3+ 15 vz &2 #3} &9l
b RAW 264.7 A Eo| A Lobaric acidoll ¢]3%F cytokine ¥a el
A A EF RAW 2647 ME7F Evlste 5A4EZDY 3uQl cytokine /el gt
Lobaric acid®] @& &otr7] flste] A EF2 Raw 2647 A=) 01, 1
and 10 pg/ml® &%= Lobaric acidE *12]s}lo] cytokine A FS A3

515}

L=,

o

lobaric acidE ] 3F F-7tol A cytokine Aol % o&EH oz A%

AT},
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LPS (1pg/mi) - + + + + LPS (1pg/mi) - + + + +

Lobaric acid (ug/ml) - 01 1 10 Lobarnc acid (pg/mif) - - 0.1 1 10
TNF-a [-’P - ] e l e ———— ‘
B-actin { —_— — ‘ B-actin ‘ | — —— — — ‘
& =
i
& -
E, A
LPS (1pg/mi) - + + + + LPS (1pg/mi) - + + + +
Lobanc acid (pg/mi) = = 01 1 10 Lobanc acid (pg/mi) - - 01 1 10
IL-1B [ e i ‘ IL-18 [—-\ - - — @ o— ‘

B-actin [ — ‘ B-actin [ — . . ]

(R
I Bk

HRNN. LRl

Fig. 3-56. The effect of Lobaric acid on the inhibition of cytokines mouse peritoneal

macrophages. Raw264.7 cells were pre—treated with various doses (0.1-10 pg/ml) of
Lobaric acid for 2 hrs, further incubated with medium alone or were treated with

LPS 1 ug/ml for 24hrs. The cytokine level was measured by Western blot analysis.

W RAW 264.7¢1 4 Lobaric acidell ©]& cytokine mRNA €<l
2] A 3EFo 4] Lobaric acidell ]3] cytokine®] mRNA levelS dolH 7] £|3lo]
TNF-a, IL-6, IL-1B8 22]1 IL-189] mRNA levelZ real-time PCRS %3&}o] <13}
ATt cytokine B5F  lobaric acid®] gl 23] mRNA AAlo] #HisteE A

Qg+ At

ot
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(Pudatruo Dugntfication }
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(Flative Duantication)
" - " -

LPS (1pg/mi) - + + - + LPS (1pgimi) e +
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1L 1 mR WA esprossion
i Felatie OuEntification)
IL18 mPNA papression
(Falative Ouantifcsion)

|| ] -

LPS (1pgimi) - + + + + LPS (1pg/mi) - + + + +
Lobaric acid (pg/mi) . . 0.1 1 10 Lobanc acid (pgfmi) - - 01 1 10

Fig. 3-57. Effect of lobaric acid on the mRNA levels of TNF-a, IL-6, IL-1B and
IL-18 in LPS-induced mouse peritoneal macrophages. Mouse peritoneal macrophages
were pretreated with lobaric acid for 2 h proior to stimulation of LPS (1 pg/mL)
for 24 h. The mRNA expression of TNF-a, IL-6, IL-1B, and IL-18 was
determined by RT-PCR.

© RAW 264.7914 Lobaric acidel 2]+ NLRP3 inflammasome %3} &<l

AN

2] A 320 4] NLRP3 inflammasome®] Lobaric acidell ¢]3}e] J8kS wh=x] <o}
B7] ¢35t NLRP3 inflammasome components®] 23S western blot assayS &3}
o] Fel&kgith. NLRP3, ASC, caspase-1 18]l [L-1B-& lobaric acid % ¢FZ o
=

Hashs Aoz SQlE AT
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LPS (1pg/ml) - + + + + LPS (1pg/ml) - + + + +

ATP (5 uM) = + + + + ATP (5 pM ) = + + + +

Lobaric acid (pg/ml) - = 0.1 1 10 Lobaric acid (pg/mil) - X 0.1 1 10
NLRP3 | L ——— | ASC | N A — |
p-actin | e —— r— | Poactin | — W W — |

(L=
AT 1 i

“+HHD

LPS (1pg/ml) = + + + + LPS (1pg/ml)

ATP(5pM ) = + + + + ATP (5 M) = + + + +

Lobaric acid (pg/ml) - - 01 1 10 Lobaric acid (pg/ml) - - 0.1 1 10
pd5

IL-1B | . —— -"""I

p10

facun |---ﬂ-ﬂ |

p-actin | — —-—l

N HHH m Hﬂ

Fig. 3-58. Effect of lobaric aicd on the NLRP3 expression in LPS-induced mouse

1L 1§ | -achn

Compae- 11 1-a0n

peritoneal macrophages. Cells were pretreated with indicated concentrations of
lobaric aicd for 2 h, followed by treatment with LPS(1 ug/ml) for 8 h. Cell lysates

were prepared, and the level of NLRP3 expression was determined by Western blot

analysis.

@ HAAEF Raw 264.791 4 Lobastinol] &3 9= w7 =
@D RAW 264.7 M o)A Lobastinol] ¢]3F MAPKs & &<
WA A 5] MAPK7} Lobastinell ¢ste] @dakg W= olm7] $)5te] MAPK

Lo

o] W&S western blot assayE £3te] 3Hlslolth. MAPKE lobastindl 93t &

EHORE sk som Gk

Lo
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LPS (1ug/ml) - T + + * L
Lobastin (pg/m) - - 01 1 10 ' ]
p-ERK A e — — E
ERK . — —— — —
1
WNK . —— — —— é
o [=
|
2 e
p-PBB . — —— ﬁ -
P38 —— — —— -
[ 1

Fig. 3-59. The effect of Lobastin on the inhibition of MAPK in macrophages.
Raw264.7 cells were pre-treated with various doses (0.1-10 pg/ml) of Lobastin for
2 hrs, further incubated with medium alone or were treated with LPS 1 pg/ml for

24hrs. The cytokine level was measured by Western blot analysis.

@ RAW 264.7 M)A Lobastin®l] 23k iNOSe} Cox-2 Hal Fol
A M ZFo A Cox-2 L83l iNOS7} Lobastin®l] ¢ale] &S Whi=x] dolr 7] 9
3Fo] WS western blot assayE &35te] #2135t Cox—29F INOS+ lobastin®ll

olste] FE FEHOR A4S oz FelHdr)
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LPS (1pg/mi) : ¥ 5§ ¥

Lobastin (pg/ml) = = 01 1 10
Cox-2 Hﬂr -
[-actin — — — —
LPS (Tpg/ml) = * + + +
Lobastin (ug/ml) - - 01 1 10
iNOS . —
[-actin e

Fig. 3-60. Effect of lobastin on protein levels of INOS and Cox-2 expression In
LPS-stimualted RAW 264.7 cells. The cells were pretreated with lobastin for 2 h
proior to stimulation of LPS (1 png/mL). The protein levels of MAPKs, Cox-2, and

INOS were measured by Western blot assay.

() =ARE FEE] 9924 29454
O HAAEF Raw 2647014 SABE FE==< 93 95 w7/l =4 W3 g2
b RAW 264.7 MEAA SAE FE5] 2 nitric oxide ¥dx=H
WA A7 SR sk S EA 9] shySl nitric oxide B HE SA8E FE=
o] FFE& golr 7] fste] tAAMEF Raw 2647 MEel thFe 5%2(01, 1
10 pg/me)e] 201513 3¢ 12¢ 2013 ROSS SEA 3|V A& FEFF samples A&
stof nitrite A Fe FeskAT PR FEES0] nitrite 7H4A E237F gl e

H, A FEedAw oftte] a gl ST
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Fig. 3-61. The Effect of lichen extracts on the Nitrite production in macrophages.
Raw 264.7 cells were pre-treated with indicated concentrations of lichen extracts for
2 hrs and then incubated with LPS (1pg/ml) for 24 hrs. Culture supernatants were
collected and the levels of Nitrite were obtained by the Griess method. Results are

the means = S.E. of representative of three independent experiments.
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Atopy Aol HaCaTAl¥:7} #4H]3t+ mediator 4ol 3 Ramalin® 93-S
ol d 7] 9lste] HaCaTAl*Ee] 0.1, 05 and 1 pg/mle 5%
o] mediator A HFS &2l th Ramaling * 2] ¢t F-3Foll A mediator A4 o] =
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Fig. 3-62. Effect of Ramalin on the mRNA levels of inflammatory mediator in
TNF-a-induced HaCaT cells. HaCaT cells were pretreated with Ramalin for 2 h
proior to stimulation of TNF-a (10 ng/mL) for 6 h. The mRNA expression of
TNF-a, IL-6, IL-183, and IL-18 was determined by RT-PCR.
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Fig. 3-63. The inhibitory effect of ramalin on TNF-a-stimulated nuclear
factor-kappa B and mitogen—activated protein kinases (MAPK) pathways. HaCaT
cells were pretreated with 0.1-1 pg/mL ramalin for 2 h then stimulated with 10
ng/mL of TNF-a for 4 h and 30 min. (A) p65 translocation was inhibited by
ramalin treatment on the cells. CE, Cytoplasmic Extract; NE, Nuclear Extract. (B)
IkBa degradation was inhibited in a time-dependent (0-60 min) manner after
TNF-a stimulation of the cells. (C) Inhibition of p65 translocation was determined
using immunofluorescence analysis. (D) Inhibition of p65 activity was determined by
ramalin treatment on the cells using luciferase assay. All values are presented as
the mean + S.E.M. of three experiments performed in triplicate. *p<0.05 versus only
TNF-a- induced group (E, F) MAPKs including ERK1/2, p38, and JNK were
assessed by Western blot analysis. (F) HaCaT cells were pretreated with 20 uM
ERK inhibitor (PD98059), 20 uM p38 MAPK inhibitor (SB203580), or 20 pM JNK
inhibitor (SP600125) for 2 h then stimulated with 10 ng/mLof TNF-a for 30 min.

@ oty @ gl A Ramalinol] <3 HAx4d 283 =49

HaCaT M*:E %3+ in vitro A8 o2 <213k Ramalin® olEy &35 w2
E o] &3 in vivoR S F3le] ST olET HHE Yozl upgo

Ramaling A8t &+ 357 #astslal IgEe IL-49 Aol Tashe A

S = I~
skl 3 4 Sl
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Fig. 3-64. Atopic dermatitis—like skin lesions and symptoms n
2,4-dinitrochlorobenzene (DNCB)-induced mice. (A) Atopic dermatitis-like skin
lesions were induced by topical application of DNCB for four times in twice a
week, and oral administration of ramalin application improved overall skin condition.
Skin features of mice were noted at the end of this experiment. Representative
images are from five mice per group. (B) The number of scratching events was
counted over 10 min. This measurement was repeated five times (50 min in total).
(C) The effect of ramalin on serum level of IgE in DNCB-induced mice. (D) The
effect of ramalin on DNCB-induced IL-4 secretion in splenocytes. (E) The
inhibitory effect of ramalin on mRNA expression of IL-4 and IL-10 in
DNCB-induced mice. Reverse transcription polymerase chain reaction analysis was

performed to measure mRNA levels of IL-4 and IL-10.
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Fig. 3-65. Effect of lobaric acid on the mRNA levels of inflammatory mediator in
TNF-a-induced HaCaT cells. HaCaT cells were pretreated with lobaric acid for 2 h
proior to stimulation of TNF-a (10 ng/mL) for 6 h. The mRNA expression of

TNF-q, IL-6, IL-183, and IL-18 was determined by RT-PCR.
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Fig. 3-66. Effects of three compounds (1-3) on cell viability in BV2 cells (A-C).

Control

Control

1 (M) 2 (M) 3 (b}

6796V -53 (compound 1), 6796V-552-1-2 (compound 2), 6796V-552-4 (compound
3)7F BV2 Ao HO-1¢ o #Hojst=x] Adst A3 6796V-53 (compound
DAlA s& oEHo =2 HO-1 @idS A 7= S IAstA o (Fig. 3-67).
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o I o I o
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=
AT ——— — —— Actin -'M Actin

Fig. 3-67. Effects of three compounds (1-3) on expression of HO-1 protein in BV2

cells (A-C).

6796V-53 (compound 1) = BV2 A Fo|Ax HO-19¢ 2LHEL xAsde Aoz ez
A9l ARSI A}l nuclear translocation of nuclear transcription factor-E2-related

factor 2 (Nrf2)E 3 W= A7 237F AT

1 (10pM)
0 05 1.0 1.5 (h)
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1.00 0.95 0.74 0.52

Nuclear-Nrf2

1.00 1.30 i3 2.88

Fig. 3-68. Effects of compound 1 on nuclear translocation of Nrf2 in BV2 cells.
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Fig. 3-69. Effects of compound 1-induced MAPK activation on HO-1 expression in
BV2 cells.
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Fig. 3-70. Effects of compound 1 on HO-1 expression through the PI3K/AKT

cascade in BV2 cells.
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Fig. 3-71. Effects of compound 1 on LPS-induced nitrite (A) and PGE. (B)

production and expression of iINOS and COX-2 protein (C) in BV2 cells.
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Fig. 3-72. Effects of compound 1 on the LPS-induced activation of NF-kB, and

binding activity to DNA of NF-kB protein in BV2 cells.
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Fig. 3-73. Effects of tin protoporphyrin (SnPP) on inhibition of nitrite (A), PGE,
(B), iINOS (C), and COX-2 (D) by compound 1 pre-treatment of LPS-stimulated
BV2 cells.

6796V-53 (compound 1) 7} # <2 oA Ez st vAoluAlx Zof vl A EofA]
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o % HO-1 @il d S AadA7]= AS glstyt)
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Fig. 3-74. Effects of compound 1 on expression of HO-1 protein in primary

microglia cells.
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- 103 -



<APL M|ZF

No. |Sample No.
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2| 99 KES2143
3| 90 KES2134
4 | 239 KES2337
5| 114 KES2161
8 | 118 KES2162
7| 95 KES2139
8| 238 KES2336
9 | 240 KES2338
10| 118 KES2172
1| 119 KES2175
12| 109 KES2153

*

(AH8 HZ)

Fig. 3-75. APL Al
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Fig. 3-76. APL A X+

Method Amount (mg)
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CTD 10

Lo AT

23 44

QI NB4Oj M2 HEO|| AL EE FEE>

Storage name
CTD18-D2
CTD18-D1
CTD18-C4
CTD20-E1
CTD18-E7
CTD18-E8
CTD18-C9
CTD20-D12
CTD20-E2
CTD18-F6
CTD18-F9
CTD18-D11

g FEEE A Eedy (Fig. 3-76, 77, 78).
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Fig. 3-79. APL A XA ATOSS] WaFe]l &3 74 (#100, 99, 90, 239, 114, 115).
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Fig. 3-80. APL AlXFolA ATO®e] WaFof &3 34 (#95, 238, 240, 118, 119, 109).
44 AAe 71 WA ATOS] E 3}

282 9 AA
=% ABE fd B2 Lobaric acid®} Lobastino] WA ESl thAANES AZA 9
v 2= geke lsttl. A A X5 RAW264. 74 ol 4] Lobaric acid®} Lobastin©]

inflammatory mediators®] W& < A= AL Foldte] AdZ=AAqARA A J5

m
S AA G ESE o] 5 npEto g W AR oA Lobaric acid®t Lobastine] 95%4
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of slofr EAd et &7 dE skt HAAEFT] RAW26ATAEA A =4
AEd A F58 g 5459 Haxd A48& g on, dF EdoA W=z
d gyt veErgS stk R4 E M2l HaCaTHM XA Ramalin®t Lobaric
acid7} IJolEy a7}t QeS¢

F=a I E frdll e SFE796V T Wi FEEEHE O EEE A
6,8,1'-tri-O-methyl averantin®] t3t A5 S s 3T+ 6796V-53
(compound 1) ©] w}$-2 microglial F21¢] BV2 Al¥xo A4 MAPK, NF-kB4d 25 A3t
owA 5 AT 24E Zdeve As S8, PIBK/Aktet Nrf2 7] d S &3
HO-1¢] #do] s &0 #ofsate e oy ¥ 4 AATH T3 FH o] HolA &+
2t Aol el 2o wi¢F MEoA HO-19 EHAE g2lste] HO-19] <93 g4
S @0l mAetuAEe] 2o wjF AMEANAE A8 F A5S AASAH

g 5% A 249, NBldA = FE25 1288 U

trioxide (ATO)¢} W3l Ao}, 7|l ATO @A FHEdRT 2AY =2 F
o] gl TIRGAA = F=

)~

e

ot

y

RS A Fete] s gEo 4538 Fkstal tk(Kirk et al, 2002). AF
Bae Az A 9l Az §7F 7 5o AF ANAAARH ks, A 2 AE
S gtk &4 A AAF R 19959 $1
Aol A 2000 $159 o2 F43] AFsIA L, Hul Aol 20249 F $4091 9] A1
S YA Ao dgatE il Yt Godfrey and West, 1996; Garand View Research
Group, 2016, McCoy, 2000). &4 Al A&y EF8&o0=2 Ui, 7 F ek
59%)3t Al AF&E = & A<l protease %, alkaline protease:= 71 & H|F & 2A|d1
2 tHRao et al., 1998).

Proteasex= ME/M A, A% 24 A3t F3 H7HA 59 s A FHolA
i 9 tH(Rao. et al., 1998). Al o] A& A proteases A Ee] Q3 oY
AE &9 F1 340 dms FFS = F U AH HA7HE S AT & 5 Utk
A F Aol Ao AMRS o2 BW, AR &

= S79 Fv Mo =& FtH(Cavicchioli et al., 2002; Gerday et al, 2000;

Huston, 2008). &4 A& AE 3o eroar =& Ao A3sts 7|58 2zt
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(Antranikian and Egorova, 2007; Huston, 2008; Nichols et al., 1999). &4k4 o
2 55 22 5% A Agete AR AS nAES AF o)&s A AL A
MAE o B4 APA R offste A2 AAA, AHEHE ofHE Agdts AL
2 oAS Wy glth(Kasana and Gulati, 2011; Kasana, 2010; Margesin and Schinner,
1994).

A proteased] w3 AHA 2 FNE ESta, dAA7HA A2 &4 protease®] 5H
B AbdlE= =35 A (Chen et al, 2007; Huston et al., 2004; Kulakova et al., 1999;
Wang et al, 2005). ©o]g3 o]f= FAAFLo|AE=  Alpine  Microbial
Collection(PAMQO)el 71g5e] Q= &= Fadll AT Pseudoalteromonas antarctica

PAMC 21717 & A2 49 Lz A serine protease(P66)E E. coliol~] W= Ak

WS AlAsE AL, &4 kRS AAE 24

(1) P66 A4t
ol Aol P66 S $3] =3 Pro21717-PCD(Pseudoalteromonas antarctica PAMC
21717 <3 serine protease®] pro-sequence®} catalytic domain®. 2 G4)E &3+
E. coli BL21(DE3)Z 100ul/ml¢] kanamycin®] H7}€ 119 LB A A vl <ol A uj s}
A TH37TC). 600nme] FF% Ftol 1.09 EEstA<S W, 1.0mM IPTGE FH7Fskal 244

7F ot 37Tl A vikate] whula AAHPro21717-PCD, P66 1LB.)S % sttt vl

Ol

oF

AZzdol AA"Y AEZE 4mle] 50mM  sodium phosphate buffere] #Ea I
sonicatorE ©]&3te] MEE st AE GHE S d& B84 FFS A

#2](10,000xg, 30+, 4C)E T3] 42 % 20mle 05% Triton X-100S o] &3} 2
M A8l thH(10,000xg, 30+, 4T). AHF"E P66 1B.(1g)E 20ml¢ unfolding

A

o

buffer(pHK.0; 4M urea, 10mM mercaptoethanol, 20mM glycine)oll 3 7}star 1A17F &
QF 37ColA 7F&3t stk WAdE @i d {45 80ml(1:4 3AH) E+= 400ml(1:20
314 9] refolding buffer(pH8.0; 20mM glycine, 20mM CaCly,)oll % 7}ste] refolding
H OP66S AUTAT, 3Y). P66 &NMo] HEA(pHS.0; 20mM glycine, 1mM
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4-formylphenyl boronic acid, 6% glycero)& #7135t % P66S AAksH .

(2) Protease &4 =4
Pe6el A R A =HS s, lug P66, 0.65% azocasein 2 50 mM
Tris-HCI(pH8.0)2. = /¥ 1.1mle] WHgHE A xstAth wHgHE 30TAA 30+
ZF 9k-g-3k % 110mM trichloroacetic acidE % 7}sta 30+ &<t 37ColAl WAt

A+ (12,000xg, 4T, 333)E Sl 42 F5AES 045um ZH| o743 3 0.5ml
of Il 3} 0.25ml Folin & Ciocalteu’s phenol A]¢F, 1.25ml¢] 500mM sodium carbonate

¢

r*o

Z EF5A T 37Tl A 308 WA & 660nm SH % =43, L-tyrosine ¥

i

SDS-PAGE gel 4ol A protease &4 43t zymogram WS AME3te] oz
o] xS Felstitt. 1% Skim milk7}F ¥23% 10% SDS-PAGE gelol €38 & 3}
A e "dwlAS 29sta, HdAE F8% & gelol 100mle] renaturing buffer(27g

Triton X-100/L)E F7tete] AlA st Al2e] o] SDS7F AlAR gelol 100mL 2]
developing buffer(1.21g Tris base, 6.3g Tris-HCIl, 11.7g¢ NaCl, 0.74g CaCl,, 0.02%
Brij 35/L)& #7ksta 302 &<t WAISte] F7H4S gel AFS v F, A =R
100ml®] developing buffer WolA gelS W4T, 4213H)3TE 2 5, gelS G235}
ol @ld R 24 wMe=E SHAsth EE, skim milkE FH7FEHA 2 10%
SDS-PAGE gelell A A7hE @l d S dH g & 1% skim milk7} H7F8 324 ##] 9
Fareto] dwd Fa &4 WE=EES Fdsdu. ZE SDS-PAGE=  Tris/Glycine

buffer Al =¥oll A =2 = A},

(3) P66°] A& 274 9 dimerization T8

pPe6el A B4 S §fEf ool AAE Pro21717-PCD  T326L, S421L %
T326L+S421L mutants ¥ ©FA8 Pro21717-PCDe| 7+7t 4t ¥ E. coli BL21(DE3)®]
A @4 mutant R R Y LB.E P66 BAF Al we} refolding(1:20 24 H) st
Refolding A]3tel whe} @od g5 FHsto], did & A6k, SDS-PAGE 3
zymogram= 33ttt Refoldinge] €+5% ZF &4 (1pg)E 0.65% azocasein® 5-5
0CalA 30% &< Whgsto], 2= wWE &S v sk

Refolding®!l protease’} & #Fst ¥ &= A& SQlstr] 98, 1:20 s oe=z Aikst

P66 oFA 3 3} T326L, S421L % T326L+S421L mutant =55 WA S 2 zymogram=
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ol

4 A weks uaekg

e

bof whul g

(4) P66 g A Al =" 5
(7}) P66 LB. o =FAAt

Pro21717-PCDE &3t E. coli BL21(DE3)E 1Le] HAwA o] HFE, w3t
v ok v #] (pH7.0; initial media)¥= glucose 10.0g/L, yeast extract 2.5g/L, (NH,).HPO,
4.0g/L, KH,PO, 13.5g/L, citiric acid 1.7g/L, MgSO,7H,O 1.2g/L, kanamycin 0.1g/L
2 v 45 84 10ml/L(EDTA 0.42g/L, CoCl6H.O 0.125g/L, MnCl4H,O 0.75g/L,
CuSO5H,0 0.11g/L, H3BO; 0.15g/L, Na:Mo0O,2H-0O 0.125g/L, ZnSO,7H,O 0.85g/L. %
FeCls6H-.O 5.0g/L)Z FAd3stsith 37C wl¥e= 600nm 3 F =7 (Scinco S-3150)
gkel ¢F 6.0°] ¥ 1mM IPTGE #7Fete] P66 IB. &S F=(37C, 244 3h)sk Tt
P66 1B. A4Ee] scale-ups 93ll, 5L &9 jar & 7] (Minifors, Infors HT)E AR
sFth 2L9] initial media®l Pro21717-PCDE $H3ti= E. coli BL21(DE3) %33
o 37C ' T FUHHA G vue= fdl, pH STAT "WHo=  feed
medialglucose 400g/L, yeast extract 100g/L, (NH4)-HPO, 1.0g/L, MgSO,7H-O 2.5g/L,
kanymycin 0.1g/L]1E @27] 2 H7Fstth 600nm 33 F =4 gtol ¢F 30.0°] ¥
A, ImM IPTGE H7bstar, 37C, 2443F &<k F7F Ha s sk F 79 W
oA o] gl e 2 SDS-PAGE #4118 &3l &lstslch
Wl ¥ £ coli BL21(DE3)2] Al 3}l E ¢ 3l], sonicator =+ lysozyme/DNasel Al
3] Al28S AFS-3FS T Sonications ‘P66 AAFOA A edt W oz ey Qi
Lysozyme/DNasel A% 33 A|2~8le E coli BL21(DE3) wjFoolA AHH 35
ot} 119 sikd o lysozayme buffer(pH7.0; 1% Triton X-100, 5mM EDTA, 20mM
borate)®} 0.5-10ml9] lysozyme= F7}ste] MEE a4, o/mn)dtA Tt &% DNA
= AlAsE7] 93, DNasel buffer(pH7.5; 20mM MgCl,, 50mM borate)2} 0.3-6mle]
DNasel& Al zhsfofo] H7E w32, o/m)stsieh. A4l &8(9,000xg, 102, 4T)E
F3 39 P66 LB.E M A & SDS-PAGE &4 F3d3sto] P66 1B. =& &9l
&3

(\}) P66 o= A3k
T4 °F 195g P66 LB.(wet base)E ©l-&stol 4% P66 g Attt o=
&, 4,030mle] unfolding bufferel A IB.E& 78335193, 7183d ooz gos
79,990mle] refolding bufferel]l % 711:20 ]4I¥)sle] P66 refolding(F +-3]=83,990ml)
= xS olwel, 114 3AHES AMEE PE6(mDY thE AAF P66e 8Y MY
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OSB3 5 B4 A8 2499

(th) P66 &=
A PE6S 553 918, B, refolding W WA B filteration W& 2839
o &49 FZ2  activated charcoal(Sigma), ol w3 #Z(Sigma; weak
exchanger?l IRA-673} - 96, strong exchanger?l IRA-400, -410 = -900)& %3
= At 50mge] charcoal =+ 1g9 &ol 3 #x(4% NaOHE &3l activation)

o

o] bmle] P66S H7Fstal wigAT, 1A7H)ste] @il de] 528 FEstATh d5 o]
AAR 2 JAE 20mM glycine(pHR.0)°] ¥3td v 22 5mle &4 7}

sto] ©A 858 FEdAtk 50% ethyl acetate; 1M NaCl; 0.3% formic acid; 1M
K;HPOg 1M NaNOs; 2mM EDTA; Nap,SO,. @il §2 A3y vilg g3 o 1
t}.

AM ureadll 9] 7F&-3t¥l P66 LB.(6mDel 18mle] D.W.E #H7}38tth. 3kDa cut-off
spin membrane(Millipore) S Al&3te] DW. A4S F==6mDI 5, 24mlo
refolding buffers F7}ste] @A refoldingS 3 (Modified 1:20 3]49H)3}St}.
Modified 1:20 341l eja] B4 P66l Thijd & = dAde 1:20 34 9] P66t
H] uL Sk A T

1,425mle] P66(1:20 321 )S glass fiber membrane(WaterSep; cut-off size=bkDa; =
™A =0.0155m%) ol A H=35t9 ) Feeding pressureS 2barz 14 3Fo] 5A)7F oA E=
= APt v5 Aol wet o £ 8 w5 AR

S e Zgstel, Pe6el FAT §F AwE vwa

2

=
a=iels
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rok
i

W o

)

)

(5) P62l FdA &84
o5 7]7] AR A H7FE+= protease(SWPEF W H)ZS (F)A oA Ak}, T3
= AEE MAR Actz, Persil ¥ LiQe =% MH AAA o4 A A2k f A

Aste] Pe6te] &4 wlae AFE3A Y. SWP powder(lmg)¢t 1mle]

M
l.j>~
=z
il
ftlo
-

D il kS =AY 7.3ug SWP B+ P66 217} 2] azocasein®ll
ek @ Fe 24 5744, vlaskdvi10, 20 2 30T whe2 5%, 108).

5 FF9 AAl AFE W g e x10°-10°9 thgdE 84 golo] A
AAS] gz Ral g4 x10°-10°0 2 3AE 20ul AAHS 30T A 3
Hjekste]l AbEatlnh. ARl AFEE AlAl AE T, T A AAR 4F &

I Pe6°S] 2ol wE &AL 7z 20ule] &= 10, 20 H 30TolA 30%
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o
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2
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St dFE YAER e FYIAE B3 P66 UXE air-drying(RT.) E+
drying oven(33C)ell A 33ttt Air-dryingS 93, 2F 600mge] Ao th23}
22 400p1e] AAE Hrskdth: DW. 107 34 ¥ Savinase(Novozyme); 1:20 8] 49
o] P66+D.W.; 1:20 34wl P66+HEA|. Drying ovenol A= <F 3go HIAE
air-dryingol A ¢} de FF2 7 2ml H7tA 3 st AFXAAL F FH A

ZE 4207 Bt FAEHAAL, P60 BEAE P66 AL 2AE AHESATH F3

A4

0.

A-A7FN el FAES =AH3 T HEYA|-H7lde 2 = 10mlS DW.S #H7bsta

7kele] BAL 30TAA 0B B e

.

u}
>,
)
)
[‘.\?ll_t
A

_|>L
ofji
lo
ofo
it

I

A<

ol
o

o AT A
(1) P66°] A2 &4 9 dimerization

ol AFdA, Pe6Y wwH FxE AASFAT. P66 @A FXE Subtilisin
Carlsberg®} Hln 3}, P66 substrate pocket sizeZ} Atz o=z =3, 7|22 #40]
|93 = = disulfied bondE R {-3Fal A ATt H] = disulfied bond A A3 mutants
il A refoldinge] E7F38Fe] disulfied bond2} ##HE P66 A2 A FHS A *
@A 9F substrate pocket size7} Frolz mutantE YA = dArt. P66 H.th
substrate pocket size7} 2FS Ao R oAy = P66 T326L, S421L % T326L+S421L
mutant®} P66 cFAFE S IB.& 1L wlge= 12-14g AAE A o] IB.ES 1:20 g
Mo 2 refoldingst A F4S F3sAT (Fig. 3-81). =& 1LB.+= 2441 7H9
refoldingell A & =W Ae] 14-19%7F &SR, ol¢ dHd wwd
(776-992U/mg)= YEFWYE. 1% Skim milk7} ¥3tH SDS-PAGE gelol| A %= 244 3h
refolding @9 &Rl duld F3a] &4d(eF 5okDael FAFS zymogram ¥ E)
A3ttt Refolding Al7Fo]l 48A1%F o] o] =W P66 ok 2 mutantd] F @9
%o oA slE o] oF 21641719 refolding A7t A HEFH O Z 6-13%2] wudo] &

st AT

ik
o N ox

yur)
i

o

- 112 -



100 1200 -
———
@ PE6 - __Fi
—— PEE TI26L s
a0 —w— PAB S421L 1R o
" —— PE6 TA26L+S421L _ 0
il prsbvat | =
g \ 5 800
£ 01NN : ——
3 \ £ 600 3
E. . o
® \\\\_ 2
g B, 3 400 -
\\ 4
15]
NN, —&— Poi
50 o 200 4 O PEETIZEL
o o —w— PE6 84211
—_— — —f PR T326L 54210
0 T T : ! T LR T T T
0 10 20 a0 10 50 60 0 10 20 a0 40 50 B0
Refalding time (h) Refolding time (h)

Fig. 3-81. Refolding of P66-wild type or -mutants (T326L, S421L, and
T326L+S421L). Each unfolded protein solutions was added to refolding buffer
(1:20-dilution method), composed with 20 mM glycine (pH 8.0) and 20 mM CaCls.

In time interval, total protein (A) and activity (B) was determined.

AAtE ofAd Ti= mutant P66(S411L 2 T326L+S421L) 2% Aol upegl gz
sl Aol FUkshe], 50Te] &&=oA i €44(1,387-1,466U/mg)<S EFH REH,
T326L mutante 45C ©]2] &=oA Aol H4hedt (Fig. 3-82). e &%
ol Al oFAd P66 EE mutant P66 Htt =2 A4S HERHET, 53] 10-20T 9]
25 F7boll A oFAE P66 mutant P66(S411L 2 T326L+S421L) Xt} 1.31-1.404)

= 24s vEloh

1600

1400 & é_:é
‘./ 3 o

. 1200 - _./ "o

g’: o 7 )

= - -

> 1000 4 FE -~

z A

= i -

£ 80 /_/:/ e

] - ¥

: '

£ 6001 X~

o -~ e

a s ol

2 a0
—@— P66
—O— PB6 T326L

200 - —y— PB6 54211
—{— PBB TI26L+54211L
G T T T

10 20 30 40 50 60

Temperature (°C)

Fig. 3-82. Effects of temperature on P66-wild type or - mutants (T326L, S421L,
and T326L+S421L).

Unfolded P66 prosequence®} catalytic domain® 2 T4 (457702 olm] =ik oF
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47kDa) % o] 9l o refolding ¥ A prosequence’} #| 7 ¥ 1L catalytic doamin %+o]
EAskE 2% P66(341779] ofm Al oF 34kDa)e] ®th. SHAINE ol d A3 oA
zymogram= 33, s ExH Hop & Expge] 4 dwido] HEHY &
29] dimerization @ A o FE &<2137] 9@, zymography A4S 33 Th
(Fig. 3-83). 7]l AAFste] B 352 P66 SDS-PAGE gel Aol 4 P66 dimer &%+
2ol oF 75kDael ©E wi=Z= yEeldlth(Left figure in Fig. 3-83A). SV HEA=
SDS-PAGE gel& #2h&Fe] wel d3ate] skim milk7} E3He aA <o) F-2atd,
50-150kDa A+=F W elo] geloll A wuld Fafo] oF Frsko] yERtH(Middle

figure in Fig. 3-83A). o|& &3, AAitE P66 dimer(¢F 68kDa Ao 2 F4)
Tk oly 2}, trimer(102 kDa), tetramer(136 kDa) 74 @A st= AS #2133t} Skim

milk7} 323 SDS-PAGE geldl A &=, P662] &4 o] A (1mM PMSF H7hHE 84
P66 ©l A W= oF 60kDaol WAFHo = AFE AL, o= 7|Ho] EFHA F
SDS-PAGE ZA3¢} #olE H AT (Right figure in Fig. 3-83A). ©]# s+ *}o]+= skim
milk7} H7HE geldl o] A71FE 2] sf=ol o3 Aow FAHAG. AHEo] At
gk oFAlY HE= mutant P66 AbololA] 5t AfolE Rl 4 glAAINE P66 T A
WME7F dimer 7] oA %= EAstE AS GAE geldlA &l th(eft figure
in Fig. 3-83B). T3, == A @A Fig 3-83A9 #2 €9 zymogram 23}
=R A=
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M Wild T326L S421L T326L+5421L

Fig. 3-83. SDS-PAGE and zymography analyses of P66 and its mutants.
SDS-PAGE analyses (left figures) of enzymes were performed on 10%
polyacrylamide slab gels usin Tris—glycine buffer system. And then, the gels were
attached on agar plate containing 1% skim milk (middle figures). zymogram was
also performed in SDS-PAGE gels containing 1% skim milk, directly (right
figures). (A) P66, produced previously was analyses in condition with/without 1
mM of PMSF as serine-protease inhibitor. (B) P66 and its mutants, produced in

this study were also analysed.

(2) P66 thF AAF Al =
(7F) P66 1.B. o &34t
P66 1B.&= 1L9] initial media ¥ ¥ (flask)®} feed media’} 3 7F=+= 212 initial media
v (jar fermentor)ol Al A2F=E Atk Flaskell A sl Pro21717-PCD A< E. coli=
oF 3071719 M FO®E O.D.soonm=6.28% 7]1Est} o™, ImM IPTGE H7isk § a4
24717F9] P66 1B. A4 =2 v o] &5 (0.D.goonm=7.03, 5417+ Bl ) = St} wl Fol
59 AE W P66 LB.E sonicator =+ lysozyme(10ml/L)/DNasel(6ml/L) A3 33
Azdlo g FZ39 0 (Fig. 3-84). Sonicator =+ lysozyme/DNasel A 33 Al =~

g 25E S 1L Wi AlEdA IB.E FESIAI, AH"E 1B.Y FAE
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kDa
250 -

150 -
=
- —

i'vd

100 -
75

R g———
50 -—
37 - —
- -
ru—

25

20 -
Fig. 3-84. P66-1.B. extraction from recombinant E. coli cell by sonicator (lane 1) or
lysozyme/DNasel cell-lysis system. P66 1.B., extracted and washed, was analysed

on SDS-PAGE.

Feed media(#& 05L H7H7F #H7l¥ & initial media(2.0L)o A AZ=FE E. coliv= oF
66A1 7F 8l % (O.D.poonm=63.3) = A TF (Fig. 3-85). Hi<F Alzbel] we} Aol F7he A=
F E. coli(®F 4277Fe] i, O.D.omm=30.4)°1 ImM ITPGE F7tste] P66 LB.(°F
S50kDa)E  AAtstdth wike]  &@mE AE g delA el P66 IB.=
lysozyme(0.5ml/L)/DNasel(0.3ml/L)8] A &% A3 32 AlxdgAs FZ5 %t 3
£ 33 AF P66 LB.&= oF 350g(wet base) o2 AAtE A=, o]+ flask v H.T}h

L 3 579 =2 Aak Sk

™ s Cell precipitant fraction
s M 1 2 3 4 5 6 7 2
60 5 z 250 - ™
4
—~ 50 150 - —
E 3
8‘: 100 -
o404 75 - —
o
5 2 — S — — —
= 50 - —
£ 30 4 1 — — ' -
g 37 D e s e e e e —
L] 30 - u——
IPTG induction -
104 —
——
70

0 10 20 30 40 50 0 ) :
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Culture time (h)
Fig. 3-85. Production of P66 IB. in fermentation. (A) Recombinant E. coli was

grown in initial media supplied feed media. Growrh value (O.D.gonm) Was recorded
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at time intervals, and target protein was produced by adding of IPTG. (B)
SDS-PAGE analysis of cultured cell precipitant at the same time intervals as in

(A). Lane 1-8, cultured cell precipitant at time intervals.

() 248 P66 thk Ak
P66 th#F AAal7] e, oF 195¢ P66 1B.Z 1:20 3419 o2 refolding 3tith &
g, 1ml®] unfolded P66 & 45 1:4 3P O = refolding dtof =k A4te P663} H]
W sk th(Fig. 3-86). 1:14 8141 refoldingol] 790l &2 Q AW 1:20 A HLS 2 v

==

%o = refoldinge] ¢+EESth Iml unfolded €S 71502, F 3 Ho| o5 &=
s wuld e FARSHA wH(Fig. 3-86A), @9 @A T 24 (U/mg, Fig. 3-86B)&
1:20 3ol 953 =UHBI8U/mg, 114 314H; 1,352U/mg, 1:20 3 ). 8L nj %k
H Zh Alse] w3 F 4L 14 AT 1:20 s|A el A Z+7E 887 66U/mle
A= Ah(Fig. 3-86C). 1:20 3|4 Hol A w9 v gydo] Frhet AL 7Hets)
H, 195g P66 LB.olA e ity A4 Pe6 oF 84L F-3] U] 10.94g o2 A& Q)

o =, P66 LB.2HH °F 56% T&=2 43 P66 AAHs Zld|, ol AHE F

=

=

Jo N

3 e Ak a(ef 288 7 7€ WHELB.E2YH 2% F8)°] SR As &
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Fig. 3-86. Refolding of P66 I.B. on 1:4 or 1:20 dilution methods. One milliliter of

unfolded protein solution was added to 4 or 20 ml of refolding buffer and then,
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protein and activity was determined in each solution at refolding-time intervals. (A)

Total protein; (B) activity per protein; (C) activity per volume.

(th) P66 5=
1:20 8|24 Hol 93] ke Pe6S = LB.RYE 348 2 xS w9 gujd g4
=S 292 3sith P66 w357 98, &3, refolding W WA
2 filteration WHS A&, 4% activated charcoal?t Fol g #HZl
IRA-900 &2+ & 3 FRlskdt) 0.1lmle] P66 Img charcoalel +3] &2+
A9k 100% ethyl acetatedll Al 5% o] &&=t IRA-900 1g2 ¢F 0.6mgel P66S
&9l NapS04e 72 FFEoA oF 27%9 vl do] &2t} Charcoal ¥}
IRA-9002 £2 P66 &2 58S HAAT, &9 vagg&do= s P66 w50 =
A e AR s
AM urea®ll 9J& 7}-&3ld P66 1B.2 1:20 8|4 H o2 refoldingst¥, #F urea § =+
°F 0.2Mo] Ht}. 7}&3td P66 1LB.9 urea ¥2E IMEZ H83 5 urea F=7F 34

J

o gA3} 49 refolding bufferE Z3slH, urea X% 0.2Mo] =i, AAHE P66
ool = oF 43w =Y 4 Uk o9k S Modified 1:20 3]A41H ¥} 1:20 3|4
oz Aid peeel WA b @4 Hlusdnh (Fig. 3-87). 1:20 AW ¢
Modified 1:20 8|4l 23] Aibe wwade 717k 67 2 6.1mgol$loH,

< 27 1116 2 1,140U/mgo 2 AFEEJT. FaE) 114 IAHES ARESHH,
2.2mg A (1,113U/mg)°] AAEE AT o] = F3&l, Modified 1:20 8413 7] urea

F+ refolding?} filterE A &3t P66 5=0°] P66 A4to] o] =& wb

ht

o_>L

12

ic activity (U/ry
Total protein (mg)

Specif

Modlfled 1: 20 _ Modified 1: 20

Method Method

Fig. 3-87. Determination of P66 activity and protein amount in two methods after

refolding. (A) Proteolytic activity against substrate azocasein; (B) calculated protein
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amount.

Filterg #&3% P66 sx= ZHst7] 98, 1:220 AHoe= Aikd 1,425mle
P66(24.6mg)S glass fiber membrane(WaterSep)oll 4l &3t} (Fig. 3-83). 7] =
S 1Le] F¥E AAEd e, 5 ARE 1508 F7F2 425mle] P66S 3 7}slho]
% 1425mle] P66S HF 9Mml SAHHOR (158t oAF 27]9

flux(20LHM) ¢} o3 &%= (Gml/min)E o 3 A 7o) =71 wet 72438 =), 10LHM

7]

o~

flux® Hold AAHA s5S AL Orte] w505 of 508 w50 7Hsd
oz ALEHAT Mmle] w5 W & @ 2 24mgo = AlMbE o] oF 91%9]

gulgo] H%o o] EAls: A st

4]

15 Adding P66 (425 mL) 1 starting vol.
14¢0 =i 1,340 ml. = 1,000 mL
e Adding P&8 (425 ml)
(200 4 Starting vel. i
= 5,000, 15 Fold
5 1080 (1= - o
E ~ 23
~
o 800 4 g /
E " // 13.4 LHM
bt 10 4 !
=N ;
~ 0 i
~ =l
i I A
U~ samL ﬂ#_n——-——«ﬁr’ &l
o SEEm==r R
150 35 - s
Concentration time {min Concentrabion tme [min
—&— Filter release — DO+ - Filter remaining —8—  Flux {LHM) —DO- Filtering fold & Filter speed

Fig. 3-88. Concentration of P66 in glass fiber filter. (A) Volume changes of filtrate
during filteration; (B) determination of filter flux, filtering fold, and filter speed in

time intervals.
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E — 0 -
Fig. 3-89. Determination of proteolytic activity after concentration. P66, 5 kDa T,
and 5 kDal| are mean original enzyme, filter remaining, and filter release,

respectively. (A) Activity per protein; (B) activity per volume.

(3) P66°] A &84

(F)EF= 10% @rrdddotn=od a4, 10% WAszgdsteE, 11% &=,
0.56% NaOH % SWP2} W3 protease(0.0934%) 2 T4H o5 7]7] AHAE A4t
3tar ok () GOl A AFHES SWP powder lgoll:= ¢F 47mgo] wwlao] x3t
of ARt SWPEF P66°] %o & &S Hluwsdot (Fig. 3-90). 10-37C9 2
=% bl A P66 SWP Hrth %2 @45 yErdled, P66 10, 20 2 37Tl A]

SWP ®Ht} 77} 14, 1.3 2 1.79] &8 od B35S B

is)

rlm

rlo

900 -
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@

E s00

2
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=

=

® 400 mSWP
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= m PES
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[= N

(¥4}

Temperature (°C)

Fig. 3-90. Effects of temperature on SWP or P66 activity.

P66l MA AL 7 FdS sl 5 TH AA AEFS FulstAnh. AlE AlAIQ]
Act'z, Persil ¥ LiQ 1Imlol&= Z+7} 87, 9.3 % 10.0ug @9 do] skf-3o] A a, +H
AL = ARk &A1 HEo= 72 1.32 Limg/mle] @ o] EAjstH . i

f
°-|~
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Al dud Fs] &4(1-28U/mg)ell Hl8l] P66 &4 1,071U/mgo2 2 =k
olF HATh AAE T M =S €4S Ul &4 BEH Pe6el FI 7 84S
TAAFeZ HlwsA T (Fig. 3-91). 30TCelA e P66&A-S 55+3U/mI= A HE]
44 (38+1U/mDET 148 =kow 10T A=oAe= 2 #ol7F o Aok (1.74);
P66=27+1U/ml, =4 W E=16+1U/ml).

2

40 -

30

Specific activity (U/mL)

20

5 10 15 20 25 30 35

Temperature (°C)
Fig. 3-91. Effects of temperature on 4 W E(Aekyung) or P66 activity. P66,
produced by 1:20 dilution method, was directly used without concentration. The

dishwashing detergent was undiluted.

P66& 7F5 AR HA7HAIR S A8S S8 St oiFE dARRE s FEAS 3
7l Az (Fig. 3-92). dvbd oz A8 H7He S55/dF v wheyE 78
A2 Abgstal, F A 7t AstE w5 849 vEW 58 HUiste] Alxz®Eoh
Azxzd AHR H7HAe AMRE E9ete]l 759 HFE ARR o]g@ . Air-drying ¥}

drying ovenollA] EE RIAA+HIFAEL 424 7F Yo AxHJr DW.S H7}sko

Azxd 185 Ul ZF7HAES FE819a, F29 H7bde @48 4T B2 H7pd
H W 3FA T Sv]E A%, Savinaset F@A¢te] X2 dFiEe] dwd 3 A4S

=
=ton HEAVE H7FE P66S air-drying ®H o FIE A A Axshd oF

o
it
o,
CI%
=
£
s
f

N
)

75%2] &4 4T ®E3 FA=11.7U0/ml; air drying
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Fig. 3-92. Drying of P66 in diluting agent. Adding solutions containing D.W.,
Savinase, P66+D.W., or P66+preservatives were mixed with diluting agent and then,
the mixtures were dried (A-1) to air-drying or (A-2) in drying oven (33TC).
Weight of samples was measured in each steps. (B) Proteolytic activity of
supernatant was determined after resuspending of dried samples and compared to

one, stored at 4C.

AAFCRE T4 A w538 F7ksta i, oldd wet A2 T4 ARE &97F 57t
shal YA, AAMA AESE AL 24 AFS S35 =Eo Y

AVE-E 31 9l serine protease? A-$, 2000 o]FE A2 FAH FTA AU EAZHO
2 APHAY. hxEHAd AH A %“‘é serine protease?] =X+ 2] Polorzyme®<]
10-20C €% 4L 714 Jdeg gl A% serine protease & 3F1Ql Savinase® (=1
A1) BT 10-30% =S ol FAAdFxdA= &= FH Add
Pseudoalteromonas —antarctica PAMC 21717 23 A= &9 <ZAEA  serine

protease(P66)E E. coliol A W= AAkste] dwlzd x5 9rga, a4 EA qfHo] =
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Pt T AL, A2 A YA P66S Savinase® Btk 5 2 30TelA zHzt 1.6
g 238 =2 3 é% el =3k P66 AlE A4l 7 serine protease?] = H A}
o] Alcalase® HUT} 5-25ColA 37-468 = AL yeldol AA7A Al
protease® RO A= R T2 o] =2 AS st oldd &4 5H 2 P69
I substrate pocket size, 71 o] 823t disulfied bond 2 x4 flexibility 2} ¥
Ay Ao2 Ayl Qlth Substrate pocket sizeE =<1 P66 mutant(T326L, S421L %
T326L+S421L) HEt} P66¢] 1.31-1.40 w =& A4S 2= A& 2 AFddA FdsA

=

=o (e dAor AAAH JRE ztE= ol=A o)XY P66 E. coliol A inclusion
body= A1b¥ il refoldingS o &4% duidz A=, of a4 A4 482

93 P66 F A A 2ES B ALE B S R3Y T Fermentorol A A2HE P66
IB.= lysozyme/DNasel A¥E 33 Al2~®le] =908 {A E coli AEANAFE 7}
7bsskAth Aake P66 1B+ flask ®leFe] 7% Bl 57d) @okar, 1:20 Ao A&
o2 &4 P66 3lgEo] 28 FrtstTh A, 5T AR ARl A AAkE = P66

& 71ES WY Ho oF 160819 AL S7HE Bl P66 A4S whAEp #pg L okl

Ll

r"‘

&2, 5kDa cut-off membranes ©]-&3tH P66 &4 FHA 50v] FFo] 7ed A
o® A= ‘Rir/} olHg AT Ad=S FAA HFTAS P66 F AN AxHE ve

1) Initial Wi 9} feed WA Z FA % fed-batchE Sl ANFEF E. coli M
2) Lysozyme/DNasel Al 33 Al=~®lS o] 83 P66 LB, & 5, A3
3) P66 1B. unfolding ¥, 1:20 3o = &4 refolding

4) 5kDa cut-off filter membraneS %3+ P66 &3

5) P66 BEA H7t

D

AALE P66 o8 717] AlF A9 protease, AT FH AlAl 9] protease H.t} £& &
S UelWla, Ats H7FAZ e AFES st F A9t AxoAE HA SISt uhe)
A, B A A FE5E diFF AL Al =" A AAbE PE6 tRgSE G4 A el A

A Aol Babrin B bR QAT 20098 oln] oF 30000171e] &7 A% 24kl
A AY Fow deld du AFHoRE FUAEe B BE Bl AT
= =

lom, ostxonw HAAZA dwk osto
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=717 A 719 Ao Zdsta vk ol# i AxEA =AY AEe 9=

71 e 713 FasHA AEAEA L] AuAEe] HHet B4 YR Eo] I

-1 =
& AFol= 53 Axe] HdT Hyko]l HE Tost, FAMA AmEHOR HER AL
| F dS AR SVHAEES vEFe R e Bad ¢ ds el HEs] gy

Al E71AE B ofye} wlols xE3 iR MxY WeHEYHLS F JesHEY
o] Adg & oln FAIdA HE AFEEHo] oW DMSOZE X%+ cryoprotectantE Al-&
H & , g zto]l 7bsste] MEY i

= AAstER dSAAdd o7t Az HyE e AES ol&sta Jom, FARR

i)
ok
-
32
o
2

T4 24U AXE R3¥ F e 7T HUhE 2 AEY A7HE HEEHA
A et EAE (9 sucrose, egg yolk, vitamin 5)SAFEEFL Q)
ueA FAAQ7EA o] W BEW A "oy AR e o] AlFdhe] <145
B AMgEl F o 284 WS A7 sten, 2d SAFHAEe] veEs =4

T 284d F deol FHa Jdok (Kim and Yim, 2007,
Liu et al, 2013). old ¥ AFdA = IFs52dTS 7Ix nfe] o &g Hd P-CY01S ° &
3 ZV|AES FARETI old #osE FARE V|FS gAY fE B AFE

Fayshglet,

L A A
(1) & ALkt vt
Pseudoalteromonas sp. Strain CY0l 2] seed culture= 20 g/L glucose”’} %714
zobell (ZB) ®i#] (SZB; 1.0 g/L yeast extract, 5.0 g/L peptone, 0.01g/L FeSO4, 750
mL =A814, 250 mL FHF9 283 pH 7.0)914 120 rpm, 15ColAl 164 7t v &}
Ak W FE seed= ODgoooll A 0.30] WA BAsEAL, 2 wjg wiAlol 5 % (v/v)7} ¥
A HEFsAE Y volumee 400mLe] i, baffle flaskE o] &3ttt & wjEeS 20
Liter &% TR xolA HAAM wjAE o] &ate] 15T MolA 3L vl YFataL o] 5

A% ANLYE AN cellS AATIL G FEAL AT

(2) P-CYO01 Z&m7e] A4k
AE7F EEdE viYg AS5des AEFAA2~"(Viva flow, VF20PA, Sartorius,
{3to] 4u) EF oA FAETE do] AAY
4

el 2v1e] cold 100% Et- OH= #7}st Aot A =vd

Germany)°ll 100K cut off FA %S o

kf
=
(@)
(\]
WS
>
)
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(crude) P-CY01& #2383l th.
Crude P-CYOlollAl AHAARE L7l fste P-CY0lE STl =oliz CTAB
(cetyltrimethylammonium bromide)< & 0.3% (v/v)5 A H7}ste] &3tsk & 3
AT AdE EdES vl A94R8, 12000 x g, 4Te 7o R 30%3F dAlE
gote] Fe A AASE HHAES TAl 10% NaClel &8st o] & thA] 2 o
100% cold ethanol& FH7Fstal 4T, 24413 Wilste] P-CY01S #AAIZl £ 12,0

o] a1 ALHEA A 2~H(Viva flow, VF20PA, Sartorius, Germany)°l 100K cut off %29}
S o] &3ty A& AAsAL FEHTH &4 Hzxsd P-CYO01 ZIME AR
& A3 AMESEA

(3) A2 P-CY01(p-CY01 LM) # ME HF¥ FAREAS Fx] ¢ g Human stem
cell®] 5Z2H3S 5A4.
Y7t A= =2 AN e &S S7AREY dEeREd A&t el
Heg, EH FlE Sl Bt EAFe] #HAVF HAAS E 5 RS UM

2 & gk EBuz e ol|d BAS S Slskel, P-CY0IS AL of

121Coll A 1AIZE 7FEete] AHEE p-

Human stem celld] tisk &2 T8 &A357] 939 Human stem cello]l p-CYO01

LMy} #HFE 2 BEAQJ DMSOE #EE(DMSO:1~5%, p-CY0l LM 1~4%)=

Aelste] -80Cel] v+& AdAA = glo] vtz 43 T 3sste] CO; incubatorell A 44
A

v ¥i%ksle] proliferation ¥+ HE|ES v #zHs}

(4) p~CY01 LM<e] Antifreezing activity(icecrystal growth inhibition) 4]

p-CYO01l LM Zg]H ] Antifreezing activity: nanoliter osmometerS ©]-83}o] & nj

74 #ZE F3) Icecrystal growth morphologyE 71Z= Atk 1 we] ZHA 2
A& & osmometer mount?l| loading ¥ % & Z23}al single icecrystale] @& wl 7}

A HAAH3E sl F AFAste] Icecrystal growth patterns #EsEa 7] =35}

p-CYO01 LM®e] Antifreezing activityS =43+
(5) RBC morphology ##2 %3k p-CY01 LM dehydration &3}
p-CY01l LMeo] 7}A|+= dehydration &35 &21387] $3}4] Red blood cel(RBC)S &

d2 sto] T2, p-CY0l LM A2 f5ol mE cell F8je] Wkl =24 2 a5
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p-CY01 LM Az 5o wE cell el W3ls A% 313t

(6) p-CYOl LM¢e| enthalpy change levelS 345 93k Differential Scanning
Calorimetry(DSC) 4

p-CY01 LM supercolling point ¥ enthalpy change levelS Z#3}7] ¢35t DSC

B8 AN AXRIEE FZ2REA9 glycerol¥} DMSOW 1%(V/V)3 ADSOL

solution®l ¢l A& negative control® 3t o™ o 710 059 2.5%(W/V)e p-CYO01

LM< #7Fe A5 vla B48k0th 2F Ag o= 5ColA -78CT7HA &£3 40T 9

H 78C7HA WZte AE2 B9 2T £22 AL7t2 A3 4

39t} olw] heat flow (mW)+ endothermic or exothermic® & #2413} t}.

o AT A
(1) A2 P-CY01(p-CY01 LM) & M HFFH FZHEAY Fkof 93 Human stem
cell?] 24X 3T 54,
p-CY0l LM ZeHe] d5dsa °]&3l
%X DMSOS AEx=AS 9 & A= AFS /TS 913 DMSOE 1%9] As==

T
o
3
)
=}
»
a
3
g
T,
o
off
f
F
>
=2
S
X
!

138t p-CY0l LM=S 1% A 4%7bA] 2435 Hel 7. p-CY0l LM< 3% =2 143}
i DMSOE 2%°ll A 5%7kA =43 A2+ 221 p-CY0l LMo v 3s g<elst
71 Y& p-CY0l LME 1% A 4%7+A] 243k A8 F-o] Human stem cellS HZ3d}

o] 80T th& WA flo] vtz F4% § sE3ke] CO; incubatorel] Al 44 7t
sto] proliferation ¥ & JE|E vl 25}

7} A2 9] proliferations E<213t7] $18] sls & Aste] CO* wjg7|olA 443k
v Fsto] dnld HAR Ay, obF- A= ek i FBSRE A 2ol A= stem cell
9] proliferation®] A2l &2lw =] &t (Fig. 3-93a) 10%6 DMSOE Az gk Az <
19 p-CY0l LM} 19% DMSO<S 4o A3 A 2]+-9] proliferation°] 7] #FAFgHE
A& At (Fig. 3-93b,c). oldd A3 1% AvEZ p-CY0l LM<S stem cell
WEHEAR H716A S W, 71E9) 10%E AH&stE %= DMSO9 AH8E=s 1
EA gko] Abgshs Aol JhsetAl gkt whebA 3% Human stem cell W& H 0]
2 DMSOO Ax=4dE €9 F e AME AG/Nde] 88 o472

o &3t Aot

-

Hj <

2
2 X

.
o
fr
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Fig. 3-93. The proliferation efficiency of cryopreserved human stem cells. Three
day after seeding, the growth status of cells after various treatments is shown(a;
FBS only, b; 10% DMSO, c¢; 1% DMSO and 1% p-CY01 LM in FBS).
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(2) p-CY01 LM®] Antifreezing activity(icecrystal growth inhibition) 2]
p-CY0l LM Z 2™ 9 Antifreezing activity: nanoliter osmometerS ©]-83lo] &n] 7
##S T3 Icecrystal growth morphologyS 7] %2 X3 A3} glycerol® DMSO
1%(V/V)E AHeldt A FoA= ot Icecrystal growth inhibition $lo] E& W3k
o2 Ice crystal growth7} #2Z= 3 (Fig. 3-94. A-1, A-2), ¥k 25%(W/V)<9]
p-CY01 LMe] A& ® Ade 29 single ice crystal®] #ejolA HH3] 23N
S v Icecrystal growth inhibition & ¥ol 23] Ice growth7} A 3% = XS Az
T AdATG(Fig. 3-95. B-1, B-2). o]g3 A& Autx o7 Antifrzeezing protein©]
Ice-interaction S Wl Uetvps= Ao zA dex 9o (Gwak et al, 2015) dut

A AZRITY SARTAR AHEHE Alole Mo s delA A &2 dFol

- ek p-CY01 LM 35 wig- 558 sdRs 72s 7k A glom o] g

Zo] Human stem cell®] WEHFo| T3 985 & Aoz o},

i)

Jm

Fig. 3-94. Image of ice crystal growth. No antifreeze activity was observed for the
control (1% (v/v) glycerol, DMSO in Saline solution) as evidenced by round, flat
icecrystals (A-1 and A-2). Single ice—crystals in p-CY01 LM solution initially grew
as hexagons, and developed into wide flat shape (B-1 and B-2) as the temperature
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was cooled and warmed in very slow cycles.

(3) RBC morphology ##% 53k p-CY0l LM dehydration &3}

Red blood cellRBC)& E== dto] 24, p-CY0l LM A 5o W& cell dH
o] Wisglel 4 9 s F, p-CY0l LM A fiol wE cell Peje] ®stE #2
3t p-CYO01l LMeo| 7}A|+= dehydration &3¢ 5= Zelstgdo}.

RBCell 25% p-CY0l LME A3 HFol= 2 membrane °]5°] A&4<
Isotonic type®] WTIE cell®] FeH|Wst7l #zw = 2o (Fig. 3-95A) A 2] Smin
o], RBCY ¥ej7} o] whx b7k Hypertonic typed cell Fej 37} #Azy ot
(Fig. 3-95B) ©]+ RBC %o &A43t= p-CY0l LM dehydration &¥ol &3+ A
o7 oadd. s %, 343 RBCol ADSOL bufferE *&lstx zt A345 oz
g A3} 25% p-CY0l LM< A 2gk A2l +e] RBCx= 243 deje] Ax7t v &
At AL At ot saline solution®t A 2dk AT o|A= A9 EE RBC7F
henolysis¥ o] §38¥ 2& g 4 At (Fig. 3-95C, D).

DMSOY glycerolZ& AME HAEY YEwEA9 A AES T8t ATy 3§
d¥ = ice crystale] EA S At AMEY E4ES T VAo Fasttd =40
MFWRE HAFsA &= trehalose, sucrose, raffinose, HES 7S @oju tdi{ &
MERSTY T2 BEA A9, 2442 434 Ao dehydrations F3 A X
T s AaAA AR E4E He 1AE HAE Aer dEA Y (Sul et

al., 2007). 434345 Fal p-CY0l LM9 A-5ol%= A

i

>~
rob

FAHS 7

_—

A4 7H A
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Fig. 3-95. Freezing images of RBC. Before freezing, images of RBC in presence
of (A) 25% p-CY0l LM at Omin, (B) 25% p-CY0l LM at bmin. After freezing,
images of RBC in presence of (C) 25% p-CY0l LM and (D) saline solution only.

Samples were cooled to —80 °C and then warmed to 38 °C.

p-CY01l LM¢e] enthalpy change levelS® 3AS 3% Differential Scanning

Calorimetry(DSC) 4]

p-CY0l LM<®] super—cooling point ¥ enthalpy change levelS =7%3}l7] ¢3dle] DSC
A4S AAFAT Alx JAEY FZAHEAQ glyceroldt DMSOTF 1%(V/V)qH
ADSOL solution®] ¢l Z& negative control® 3t om o 7)o 059 2.5%(W/V)<]

p-CY0l LMS #H7lsh Ag+E v BA3¢ch. Table 3-179] Ao A e} 7o)
glycerol®@ DMSO®F 7} H S wWj2] Freezing point= -14.2 + 1.2 Tl 0.5%-°l A

25% 7FA] p-CY01 LM<= #718+9S v -32.1 £ 3.1 CT7hA] "HojHth ®E3F enthalpy
change level gto] ZastA=d ol Wes % 3dls cycle WeolA Ice crytalization®
T UE FEY THEo] FAFASE Yustt o= oA &R1% dehydrations F 3l

AW s FFE FaAA AE E45 e 7FdE ddol & Alw o4

r

“. glyceroldt DMSO 1%(V/V)E ADSOL 4%1S W] enthalpy change level k2
212.0 + 3.8 AH(J/g)9 12 p-CY0l LM 25%(W/V)E #H7}391S ] enthalpy change
level 3t2 52.81 = 87 AH(J/g)Z DSC #4& F3 p-CY0l LM E 97} Alxe 4

- 130 -



fsi3
=

)\/\ AR E]_

ALg-3h

THE Hofst= AMEE MTIUES F5

ZAZ HES, dextran, DMSO =123 glycerol& o] 7] 9

PS|

stabilizers= nicotinamide, nifedipine, flurbiprofenE 4]

2F3k LC-V solution®] 7% 164 AH(J/g)<]

1o
%}\L_

3L 40% glycerol®] enthalpic change level 92 AH(J/g)= ¢HA

et al., 2000 and 2002).

Table 3-17. DSC analysis of p-CY01 LM solution.

o] 4 o] m

A4 YeHES
enthalpy change levelS H t}al
AT (Wagner

H WEsH
biochemical
sl Al

a3 5

Condition Freezing(C) Thawing(C) AH(J/g)

‘G, "D 1% -142 + 1.2 -22 £ 05 2120 £ 3.8
‘G, "D 1% + LM CYO01 0.5% -13.9 £ 2.2 -6.1 £1.0 139.3 = 6.7
‘G, D 1% + LM CY01 2.5% -32.1 + 3.1 -8.7 £ 0.6 52.81 + 8.7

‘G”D are expressed as Glycerol and DMSO. All experiments are

ADSOL Values represent means * SD for three experimental repeats.

. AE

NE

A A

o]Fe] p-CY01 LM T4dRE 714S5 &9
3}, Fig. 3-96 oA} o] #2343 F 3
ettt sAIAAo] YA
crystal growth @Al o&) A¥xu 7]& dow &
€9 w7 AlZF 3o} (Fig. 3-96a). olw] A|lE2o)A AAEE ice crystal
o] & SHA dojdth(Fig. 3-96b). p-CY01 LM< 79 A3z o] Fo
A A 39 o

ol
|

2~H 3 )
LH T E-}%Lé‘

o= ice crystal®=

=)
=

o)
=

o

-
a

M

e
il T8 Agse] ice crystal growth inhibition<
A (Fig. 3-96c) &Al°ll dehydration
1A Ayl FA34

t} (Fig. 3-96d, e). ©]+ enthalpy change level

oz A% E4s PgaAm

7}k

AT

7} 1N

ANA e F S

KR
=

N

o~

To]

AA

-
R

Al Ice crystalization®
p-CY0l LM9] FZAHRZ 7|22
Antifrzeezing protein®] 74+ 2 X

THAA ==

o

S RHo

H3% N
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Fig. 3-96. Cryo—protection mechanism of p—~CYO01l. Upon cryopreservation, Intracellular
(a) water crystallises to ice which can lead to damage including to membranes (b).
p—-CYO01 LM in turn binds extracellular water (c) and establishes a concentration
gradient which removes water from the cell (d), and can thereby confine ice
formation away from the cell (e). In addition, p~CY01l LM inhibited ice crystal
growth of extracellular membrane(c) and it is considered to stabilize the cell

membrane.

AW A BA SR A 7)1 3

.02 AAHRE @A (Silica, C18) 5= ©l&3 BAAALS &40
7

MPHE BAZL Aok FHAAF FAo] AgHE sto=ahal

NH, N N CI
NH,
2-(benzyloxy)aniline 2-hydroxybenzenediazonium 2-hydrazinylphenol
Fig. 3-97. 71& 229 AT stol=epxl & F3H
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() A& AFgehA o= A= AW A
FA o] ALEHA G FAHS MHste] FAoR A% XujodA] 7] ofH S I
2%tk Tin(D) chlorideE thalete]l CulE Ab&stw spo]l=ebxl Fito] ¥ F9

OBn CU|, DMF OBn Boc

t-Butyl cabazate
1-10 phenantroline
1 CsCOs3 2

Fig. 3-99. Culg ©°]&3 ME stol=2hd & W

Cbz Cbz
OBn 50" HN DCC, DMAP HN H
NH2 + BnO OH BnO N N
o a P o O Boc OBn
2 3 4
TFA
MC
Cbz
NH; H Pd/C HN H
HO N N BnO N N
o o H OH MeOH 0 fe) H OBn
Ramalin 5

Fig. 3-100. +4& Al&3tA] &= A= 49

71 =4 (tert-butyl 1-(2-(benzyloxy)phenyl)hydrazinecarboxylate)2] 34

1_4

29
4 Wrgg7]d 1 EHS Yu t-Butyl carbazate 129%, Cul 019,
1,10-phenantrolin 0.2%9 % Cesium carbonate 1.4 @ %< % 7}stal DMF &ufjo] <l
ok Astste] &ujel AESIE AMAE AAS L dEETIE PEd 80% ZEo A

124]7F 2k wbSA 71t Silicagel = BE R & 4t 553 § CI8 #HX& o]&3}o]

gAlgE. &2 80%0°]th.

- 134 -



(W) 48 =4 (tert-butyl

2-(5-(benzyloxy)-4- (((benzyloxy) carbonyl) amino)-

5-oxopentanoyl)— 1-(2-(benzyloxy)phenyl)hydrazinecarboxylate ) ¢ &4

St EgaAe] 3WEAS Hrbsta DCC

toluene &1 =2l & 25 02 vt

Ethyl acetateE ©]&3}o] = &

olg3ste AAlE

gt 7152 353 F 244 H=3 Silica gelS
sl 4 EHS A= 82 74%0lt

(th) 59 =4 ( benzyl 2-(((benzyloxy) carbonyl)amino) -5- (2-(2-(benzyloxy) phenyl)

hydrazinyl)- 5-oxopentanoate )| %4

T2 Fehaze] 40 BAL Asbskm MC Svlel %t TFA 1293S 42X

A8l A7bghd 1413 ek wbg S 3ok F=ske] TFASF MCE AlA%H. &
5

=
d = TFAE Al A%t} Silica gels ©] 83

& EACl =21 %

=
BAE Fdste] bW 245 deth FE2 90%°]

(2 erereiel @4

= ZEtaad 58 EAS HUEslar MeOHell =<¢lth. Palladium on carbong F7i
Gvl 10%¢] F& A7keka 1020 psi 9% ;
el & FujE ofHste] A AStA, AN T} FF3T F5E

ACN= olgste] AA4E& st ACNeR Fa3] Aolath

o 97 A3
(1) 718018t B3e SR8 B3 74 AAY
b BE F4 4R A

Ethyl acetate(EA), Ethyl ether, Mehtylene chloride(MC) chloroform&2] +7]&v

o Q1 el

1
=
Hskee AAbskAo

Table 3-18. ICP-MS 4]

7heto]l gl d st vbg-5 24A13F Ak X

o

= 1 = P = 1 I = == )=
wyk g FRYE 7Y F gEdo]l Folde =39 F4 AR

A3} (ppb = ug/Kg)

Sample

Sn

Na

EA + Ramalin

1241.5

2464699
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Sample Sn Na

Ether + Ramalin 1571.1 2323610

MC + Ramalin 3539.1 2654962

CHCl3 + Ramalin Citric A 2790.5 1526092

CHCIl; + Ramalin HCI 562.1 1963616

CHCI3 + Ramalin CaCOs3 861.1 1709479

CHCl; + Ramalin resin 1592.9 2579528

CHCl; + Ramalin NaHCO; 411.6 1687612
71E gpgdo] A Q= oF 4800 pphe] sEXHTE EE f7]EWi7 FAE Fole
BYE BAY AW BE FHo] AANHE 21 A EAY. B3 = Ut
b & ol FoiA = &ull chloroformell Atoluy @71EHS F7F £t Ay, 4F A
Tl HClE H7Ms A7 718 9 A A4S ol A4d Abe] 4 Yolo]
TAS ATz dAddHy. 9718 HIS A FA oS Gridie] Hol=E
T A= Aoz Kol ghgdo] dArjd EoASIe] ghdo] Rl = AV

(2) 2FS o] 83 =4 AA Ad A}
7h zE FA4 HFE AA

gaHs Folx o Fo 4Yd AR 4L VM= &ulE ddeE SuE A
sttt ACNY THFE 2HEds& @3] so]x] grol A3tslsl oy, MeOHE 22
o] ZFH Folso] RAEE Lujo|rt HCl 7}~ #H7FsH o]%o] THFEwW &= by
dS molw grddoe] AFHEHES gl ACNo| 7H At vz A=
HCl 7}2=5 1A1ZF B9 H7bslhar 12417 wwkek & e 34 Q8-S HAsEA

Table 3-19. AH& o] &3t FAAA A& ICP-MS #2427} (ppb = ug/Kg)
Sample Sn Na
ACN + Ramalin + HCI ND 2669900
THF + Ramalin + HCI fail fail
MeOH + Ramalin + HCI fail fail

(W) s= 3 RbSAIZEe 2A
ACN¢] =242 ACNel =4 &= gEdd HCI#e w&t89 AAolt. Y+
S FRe AF S HCIo] HoleA &2 AHodA e & 43 wgo] dojd
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(4) SpEa o] FAu) A7 2 177
(7}) BACE] promoter 475 &3 229 target A5
BACE1 promoterE full sequence, -1150, -815, -731, -619 F&%¥ coding
sequence”}A] Z+Z} cloningsle] luciferase vector?] 5° region®| sub-cloning<
4539 t). Full promoterE 7FA| 1 9l luciferase vectorE transformation $
Ramalin®] &35 &<213dt A3} Ramalin luciferase? activityE ¥ 3}A] 7] A

etk (Fig. 3-102).

Full length BACE-1 Promoter

—
ka3
J

** **

-
-
1

—
(=]
1

Relative Luciferase Activity

=t

; Ramalin  HNE  Ramalin (4uM) +
Vehicle 4uny  (10uM)  HNE (10uM)

Fig. 3-102. Ramalin does not affect BACE1 full length promoter

1.2
=
s Bl Full length
2 0.8 = -1150.
g 0m -815.
@ Ea -731.
:"_3 0.4- ER 619
-a -
3
-

0.0-

Ramalin (10pM) - + - + - + - + - +

Fig. 3-103. Ramalin does not affect BACE1 promoter variants
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(Fig. 3-104), 4 NE=

= a
western®] W ow o WS SAYS u, el ofs) BACEL @29

T
P51
o ! |
o34 L
0o 4 _—

BACETZS BACETT

Target
I L N T |

Ruolative Normmalized Expression
I
|

Fig. 3-104. gPCR result with ramalin in neuronal cell line

Ramalin
(10uM)

a-BACE1
a-Actin

SH-SYSY

Fig. 3-105. Ramalin decreases BACEI] protein expression in neuronal cell

(W) gt el BACEL =4 A< 2 target A%
el & BACEDl @z
-106).

e
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BACE1

120
B Ramain

o I Em VK8931
2
= -
T 60-
<L
=

Ramalin MKB931

Fig. 3-106. Ramalin decreases BACE]l enzyme activity

Ashsgol 10%4woln, ICyE &S W 204 1M L& 5o potency= 1)

o
$ S5g Fdskdnh olu) MK8931e e ®Bag upel 2e] 132 nM] ICx7kol
MEEAY (Fig. 3-107).
BACE1
120+
204pM
S0 ¥ & ] :
# Ramalin
= m MKES931
=
T 60
=X
&= 13.22nM
3,1}..
D L] L] L] L] L] 1
3 -Z -1 ] 1 2 3

Log{uRhl)

Fig. 3-107. IC5 calculation with Ramalin against BACE-1

Jo
lo
)
lo
fru
o

Ramalinell ¢]3te] Z}7}e] constructEel ©¢ BACELS] #AaE s

stk (Fig. 3-108).
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SUTR SUTR
pcDNA3 BACET BACE1 BACE1 BACE1
3UTR 3UTR

1uM Ramalin -

WT

+ -+ -+ - 4+ -+ - 4
e
v .. - BACET

T - ——— =

s ———— i1

BACE-1 UTR

Densitogram
8
[=]
[=]

Ramalin {(1uM) -+ - + - + -

WT AJUIR ASUTR A3 &35

Fig. 3-108. Effect of BACE-1 expression with Ramalin according to BACE-1 UTR

Ramalin®] ¢]3+ BACEl #Z4Aa3E A3t UTR <3 =

At (Fig. 3-109). BACE1¢] UTR¥#< BACE1 @z &
Q15 e,
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A S5UTR SUTR
pcDNA3  GFP  GFP  GFP  GFP
3UTR  3UTR

TuM Ramalin - B

Actin

GFP with BACE-1 UTR

20000-
B
15000-

10000+

Densitogram

g
e

Ramalin (1M) -+ - + - + - 4+

WT AJUTR ASUTR A3 &Y

Fig. 3-309. Effect of GFP expression by Ramalin on BACE-1 UTR

(th ehereie] e wEe A% 37 A7

VPS16, CWC15, MSL1, MSL2, ELF4E % CWC15°] ¢J& BACE1Y #4AE %

o} (Fig. 3-310).
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VPS 16 CWC 15

75 76 92 97 98

Cont
noNe g rna 71

BACE1
- —— ————— A"

BACE1

———————

EIF4E siRNA
none cont 91 92 93

N T

293T

Fig. 3-310. Evaluation of BACE-1 expression level using VPS16, CWC15, MSI1,
MSI2 and EIF4E siRNAs

SCDe] AEA AsAel MK8245e] ¢l5te] BACEL ©wld 74 &3}
Atk (Fig. 3-311).

]
_] {

o,
]
ol
22

S
A \x&“ B
5uM HNE < 0.1ug/ml LPS
MKB245 nM 0 1 10100 0 1 10 100Ra Ra 0 MKB8245nM 0O 1 10 100 O 1 10 100

p62 R NALP3
Nrf2 L eewes e
Actin e ————

SH-SY5Y Bv2

Fig. 3-311. Evaluation of BACE-1 expression level and anti-inflammatory effect
using SCD inhibitor MK&245

Ramalin< in-house 2 9& %3kl HDACI, 2, 4, 69 disl 39.6uM, 10uM, 11.4uM,
154uMe] ICy ghe2 Z47F Asjds sttt (Fig. 3-112).
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Ramalin
100+
LG M)
o HDAC1 39.6
% 60- HDAC2 10.0
£ HDAC4 1.4
= 40-
= HDAC6 154
204
c L L T L 1
-1 0 1 2 3 4
Log(uM)

Fig. 3-112. Ramalin inhibits HDAC1, HDAC2, HDAC4 and HDAC6

Reaction Biologyoll Al 37} &<¢1S E3&to] HDAC6GO thall A 25uMe ICsaks 7FA oL
HDACRK® thal A 84uMe] IC50 e 7S A3ttt (Fig. 3-113).

HDACT HDAC4 HDACT HDAC10

£ EZ2 g(_:

HDAC2 HDACS

HDACE HDACT

Fig. 3-113. Panal assay against 11 isotype of HDACs by reaction biology

Ramalin= HDAC6 As|#17} YEl = &5 2945 &23t7] 913 TNFa &85 &
2398 9oz gt} (Fig. 3-114).
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1200

1000

Cone. (pg/ml)
b o o
8 8 8

)
8

0 _
LPS - LPS + LPS +
Ramalin(10uh)

Fig. 3-114. Ramalin has anti-inflammatory effect

Ramaline HDAC69] 7] 22l a-tubulin® acetylatione &%= A#A A F713ks 3

2% F¥h= Ramalinel HDAC6 Mel4Ql AsjAele d1shedrt (Fig. 3-115).
Ramalin (1M) 1uM Ramalin
A hrs 1 3 6 9 24 C
IR -4 ks
roTunuin S - Seee -
SH-SY5Y SH-SY5Y
PC:100nM SAHA
Ramalin (uM) 1pM Ramalin
PC 0 5 10 15 hrs 1 3 6 9 24 C
O 0 B - <o
Acha s [T | 110 - - -3
iSRG SH-SY5Y

PC:100nM SAHA
Fig. 3-115. Acetylated histones and tubulin level under Ramalin treatment

Ramalin® ABE A #3dte] AEW mitochondria®l 2&UAS Aafst ZdA
A=3At (Fig. 3-116).

o

mitochondria®] &2 dS WA= E37F S
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mRNA°| @3s T4 &S5 37H AF& &5t sy, 5 UTR 2255 ©|
&3k A19F drug screening 7FsAd o]l 9SS sHeld)
CWCI159] #ael <ols BACEl1S] #Aaa o] tst =5 A7l dasich w3 o] 4%
Ramalin#¢] g##Ae] gt $E5A57F a8ttt SCDO -9 Ramalin® EAlo] o}
d9s Tkt

Ramalin in-house®} Reaction Biology9l 2|ZAdS F3dlo] HDAC6S] A3 &7}
154uM ~ 25 uM Ee] IC50 ke 7M. AsidE Flskslth. Ramalin®l 735 &
= AY9 PK 295 = W & gkel et
HE 7Hd 4 dvkal $aEth Ramalin® HDACE AsAle] g#45 7H
HDAC6 A3 A7t 7t A= &<
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2345 Ramalin® X 3Fal

5. @ shobAl i

7} AT B
A felel VIAERRE A 55705 fvel s wasy
om A ARG dstelAle F2y W B4 Tho) UF NS FAsD ool

Aol BYZAH 54 A AL A

LA

T
olo
it
oX
o
=
ol
ok
)

H

i=]
oA g vAEZTEH gl AAAAS ST T 4600 AP MAES
TBN plated] HZEate] A4S Hele dF5 AHsdnh @golAd s 224
71 fleiA g3 2ol dde Ik

4
Lo
i)
“
o
2
\‘l

e 371 gyow

24 FWo halos ZA FAst= 247 S AEstar o] #ES 20T oA 4841 7F &<t
Marine broth Al A} A=A wjFstdch wgA ) w4 F54E dlF o= pNPC assay
9} olive oil/pH stat assayS F33sFe] 0.8U/mLolAe] A4S Hole= #F5 thA] A

s

AbetaL, Azd ool A ldtold EARAANF S T A2 SHav=E
E. coli BL21 (DE3) el d&xd%star IPTG (0.1 mM) induction A&S %l ads} ATt
HAE HF20C, 20717 o] B Fo AE sonication WHOoR  Ffsti
SDS-PAGEE FafA i 2ds Z4383ih

Shotgun cloning 3< & 2+ 759 chromosomal DNAE A3t &4 EcoR

ol
flo

HindlllZ A3t 31, agarose gel A7]19% S E3 279 kb DNA ¢S F=3%
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F=% DNAE &4 A 342 ddd pUCI9 vectordl AYst ¥ o]E E. coli
XL1-Blueol =&ttt d& FAASTFE 1% tributyrin S+ LB HAujx o] &7

Fatgith 48 AIZF Wi F Z®Y FW halo 34 FEE gl atobAl 44

o

Agon

I

) A4 el afobAle]

=A el wlatolAl Akt 46 #Fe] WE, BEdae] 9% Ay #F 4 AFE

AEstH o2 2t (Table 3-21). %YW W55  Acinetobacter, Alcalnivoras,
Brevundimonas, Croceibacter, Erythrobacter, Hyphomonas, Marinobacter,

Pseudoalteromonas, Psychrobacter, Rhodococcus, Salinimicrobium, Sulfitobacter & T

Fot ATOoZ TAH g2 HAFAL

Table 3-21. = A2l = vfobA] At 15 &=

i,t::_Ck Latitude Longitude ﬁep 3 Identification %':_Ck Latitude Longitude Depths | Identification

#32-B4 ;%44,855 éfg/ﬁil 751 120 géﬁiﬁ%ﬁfs 42749 ;%29. 788 ‘111715 00.603 | 5, %ag’gtgf&cter
#10-B4 ;.%00.003 {)[6;,594993 100 /géi?{zzzxz #28.C8 ;%28.915 5%?,054364 10 ?;[;z)}'l%?flicter
#30-E4 ;.%22,851 é?p%224696 100 /géi’?{zzg;’g;; H41-F2 3%12.369 (]g%],214217 250 ?;[;Z'I;ngfbicter
#53-D12 5%37.532 ;%‘?,304002 200 /bélécrtlzczzgzzj; #20-B9 2g05.l77 {1)%9,26.218 100 ?Z)aorgtgcblicter
#30-42 5%30.049 ;;;l,004173 120 géﬂﬁixﬁi #31-411 gg05.177 {)tISES,Zé.ZI(S’ 100 %Z%?f&cter
#15-43 gg45.174 §7P§264237 0 }flalggzgsomx #3315 Z‘éj”ﬂ %5?,30. 002 60 ﬁ\ndng;;:)nlilz;cter
#31-p4 | AT\ TR0 qgg | Aeromonas #w2-Fs | [R02254 | [T00LI6L | 75 Marinobactersalarius
#33-B6 2%49'223 17355 41131 300 fgﬁ;zzdimonas #15-A1 21‘75,‘454 174 é?V‘;Z& 237 0 Marinobactersalarius
H40-F12 ;{644,855 é?p?],57‘175 320 ft};Zfz‘tzii?;;ter 463112 §g41.577 ‘Il;ﬁ?,ZO‘MI 20 %%ﬁ?fger

#34-D1 ;.%22,851 éfg}ZZ 696 | 509 ;};Z;;i?z:ter 43141 2%01.238 é?p%544111 75 5;121:[¢flgct[zllteramonas
#40-G5 ;.%22.851 11517’/%224 696 200 CE[_};}r/élzlgobacter H60-A6 gg05.l77 (1)%9,26.218 964 5;‘121;(jiuctfllteromonus
#15-B9 ;g41.577 ‘1,%?,204541 20 ﬁgﬁﬁmbac’t@r 431-H6 5%00878 5%4,59.494 870 gvgi;ciizl]gf;;gonas
#39-F2 ;35,'29. 788 411’715 00.603 544 fﬁ/gfz:;)sbacter 473.C7 ;{S"”‘ 433 .151712_(‘),154 738 93 ﬁ’l;‘%c”:;?igacter
#37-57 | [BI0361 | LOILT99 | 7o | Hyphomonas #rEl | 00003 | 16339993 1 1sg | Rhodococeus cerastii
#27-A7 ;‘,1:29' 788 ‘11,715 00.603 50 %;z;’ciz;):acter #15-B7 ;’2‘41‘577 411;5?,204 541 70 Rhodococcus cerastii
#29-G5 gffs’,]j' 002 5’7VI7/ 00.014 150 %;;’Ciztl):acter #19-F8 2%49'223 17"§E5,41‘ 131 0 Rhodococcus cerastii
#32-p9 | 7308262\ 17236427 | 477 Zgj’;;’f“"t” #-pg | JLI92A7 | IT8I9383 | 4gg | Rhodococcus cerastii
#2-E12 5,35,1 4.487 é%Q,Z& 401 644 %g{ciz;)abacter #19-E6 Z%’,OO‘ 005 (1)’7E3 39.987 75 Rhodococcus cerastii
#27-G3 | pR00000 | [IRIRO8T | ggg | Marinobacter #9-is | 1300005 | 17339987 | 559 | Rhodococcus cerastii
#32-H2 gg45.174 513’71/%26‘237 400 g{;;?;;gb:;;g #17.E4 ;g41.577 411%?204541 400 fehr(gs;z;lc;}clzs

#30-G8 2%01,238 éfp%54‘111 20 gluizigt;;:;;;r #39.D12 ;%294 788 411175,00‘ 603 | ;50 ;S‘nzzlzt’i;nrz;lcrobium
453-F8 5%15,002 57{;00‘014 30 g{)agr::;;:nc?tir 430 F7 37%44.855 é?pg,57‘175 320 nggthz;briiter
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pNPC assay A2 %Y, Alteromonas, Marinobacter, Pseudoalteromonas i 5°] =&
24e Kol Aor APHAY. 53], Alteromonasite] ¢ 2 SA4S Hole A
o2 yepgtt kAR olive oil/pH stat assayolld &Ao] Aol YElYA F3S F3
A lipase’}  oFd  esterase AYS  IA HAY  wbHel Marinobacter,
Pseudoalteromonas 53 Psychrobacter, Brevundimonas, Croceibacter 15°] olive
oil/pH stat assayolld <2 A4S HY o= E3A lipase BAT UL HEH o7

stelatltt,

Table 3-22. =4 v|A&2] guolAd &4 54 23

Lipase activity
Strain Strain name TBN plate pNPC (U/ml) pH STAT (U/ml) Lipase gene
No. (halo size) Sup. CFE Sup. CFE reported

33-H5 Marinobacter maritimus (+1) 0.048 0.186 0.000 3.300 No

27-A9 Marinobacter lipolyticus (+t) 0.006 0.930 0.000 3.225 Yes (LipBL)
73-C7 Psychrobacter nivimaris (1) 0.097 0.063 0.000 3.222 No

28-C8 Marinobacter lipolyticus (+1) 0.020 1.044 0.000 3.220 Yes (LipBL)
31-All | Marinobacter lipolyticus (++) 0.021 1.094 0.000 3.185 Yes (LipBL)
31-Al Pseudoalteromonas atlantica (+tt) 0.023 1.067 0.000 3.180 Yes
39-D12 | Salinimicrobium marinum (+t+) 0.000 0.489 0.000 1.935 No

33-B6 Brevundimonas nasdae (1) 0.013 0.161 0.000 1.675 Yes

34-D1 Croceibacter atlanticus (+t) 0.015 0.275 0.000 0.829 Probable
63-H12 | Marinobacter lipolyticus (+1) 0.048 0.036 0.000 0.075 Yes (LipBL)
31-F4 Alteromonas  stellipolaris (++++) 0.436 15.541 0.000 0.045 Yes
40-F12 Croceibacter  atlanticus (++++) 0.013 0.139 0.000 0.030 Probable
37-E7 Hyphomonas atlantica (++) 0.000 0.300 0.000 0.030 Yes

53-F8 Marinobacter goseongensis (++) 0.006 0.016 0.000 0.015 Not yet
41-F2 Marinobacter lipolyticus (++) 0.021 0.862 0.000 0.005 Yes (LipBL)
17-E4 Rhodococcus  cercidiphylli (++++) 0.005 0.019 0.000 0.005 No

15-B7 Rhodococcus cerastii (++++) 0.003 0.145 0.000 0.005 No

69-A9 Acinetobacter oryzae (++++) 0.035 0.108 0.000 0.000 Not yet
29-B9 Marinobacter lipolyticus (++++) 0.019 0.978 0.000 0.000 Yes (LipBL)
32-H2 Marinobacter goseongensis (++) 0.013 0.003 0.000 0.000 Not yet
40-G5 Erythrobacter citreus (++++) 0.010 0.214 0.000 0.000 Yes

17-F1 Rhodococcus cerastii (++++) 0.006 0.072 0.000 0.000 No

39-F2 Erythrobacter vulgaris (++t+) 0.000 0.499 0.000 0.000 Not yet
10-B4 Alcanivorax  borkumensis (1) 0.000 0.070 0.000 0.000 Yes

30-E4 Alcanivorax  borkumensis (+)
53-D12 | Alcanivorax borkumensis (+)

2-E12 Marinobacter algicola (+)

27-A7 Marinobacter algicola (+)

27-G3 Marinobacter  algicola (+)

29-G5 Marinobacter  algicola (+)

32-D9 Marinobacter algicola (+)

30-G8 Marinobacter goseongensis ) Not yet
27-D6 %Zl;lz})qcojiii)t;;clasticus ) Yes

15-Al Marinobactersalarius )

32-F6 Marinobactersalarius )

st | Ddoalcrmons ®

5-D9 Rhodococcus cerastii (+) No

19-E6 Rhodococcus cerastii (+) No

19-F8 Rhodococcus cerastii (1) No

19-H6 Rhodococcus cerastii ) No

60-A6 Pseudoalteromonas  atlantica (-) Yes

32-F7 Sulfitobacter porphyrae (-) No
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g atolA] Aol w2 dFE Wl AREAS S8 ol FA ARE FALE
At Marinobacter Ilipolyticus SMI19, Pseudoalteromonas atlantica ACTC
BAA-1087, Brevundimonas nasdae, Croceibacter atlanticus KCTC12090 o 258 £
gtobA]l  FHAZE  BuEHASES G whHel  Marinobacter — maritimus,
Psychrobacter nivimaris, Salinimicrobium marinum | tdlA = 2 JolA FHdA}
b BawA @dkth 2 dAleM = 5 Bae 47FA el disfA A om
PCREZYS T8t

Al

A

Table 3-23. 2] dfobAl 4 HH

A
Stranin name lipase name gene ID
Marinobacter maritimus X (have not been reported yet)
Triacylglycerol lipase MARLIPOL 15672
) . . Lipolytic enzyme lipBL
Martobacter  lipolyticus GDSL family lipase MARLIPOL_15869
Acylglycerol lipase MARLIPOL 02075
Lipase/esterase MARLIPOL 10801
Psychrobacter nivimaris X (have not been reported yet)
Lipase, class 2 Patl 1057
Lipase, class 3 Patl 1267
Lipolytic enzyme, G-D-S-L Patl 0828
) Lipolytic enzyme, G-D-S-L Patl 0498
I;sce%céoa}}j‘tzrgl_l}%%%s alic] Lipolytic enzyme, G-D-S-L Patl 3780
Lipase, putative Patl 2975
Putative lipase/esterase Patl 2922
Carboxylic ester hydrolase Patl 0510
Carboxylic ester hydrolase Patl 0874
Salinimicrobium  marinum X (have not been reported yet)
Lipase RM53 06800
GDSL family lipase RM53 06435
Brevundimonas nasdae GDSL family lipolytic protein RM53 16195
Carboxylic ester hydrolase RM53 12490
Carboxylic ester hydrolase RM53 14900
Croceibacter atlanticus Probable lipase CA2559 11223
ATolA ALEE 5 Tl A gafobAl Aol Fa glutobA]l FHA @A Lol B
19 ol & 670 Ad ®Bew 37V B Marinobacter lipolyticus®l &3tE= Ao R

-
A A 2 AN = S 4T ol el 2 olA FHA 2R dds s

Table 3-24. A M| BE FolA g atolA &Ado] gl FHAT} Hid #F
Lipase activity lipase

Strain Strain name TBN plate pNPC pH STAT gene

No. (Halo size) | Sup. CFE Sup. CFE | Reported

27-A9 Marinobacter lipolyticus (+1) 0.006 0.930 0.000 3.225 | Yes

28-C8 Marinobacter lipolyticus (++) 0.020 1.044 0.000 3.220 | Yes

31-411 Marinobacter lipolyticus (++) 0.021 1.094 0.000 3.185 | Yes
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Lipase activity lipase
Strain Strain name TBN plate pNPC pH STAT gene
No. (Halo size) | Sup. CFE Sup. CFE | Reported
31-A1 Pseudoalteromonas atlantica (+++) 0.023 1.067 0.000 3.180 | Yes
33-B6 Brevundimonas nasdae (++++) 0.013 0.161 0.000 1.675 | Yes
34-D1 Croceibacter atlanticus (+++) 0.015 0.275 0.000 0.829 | Probable

g gfolAl FHdAE
249 primers U]zl

Ndel/Ncol A|gt&

FE2E AU

lipase, M. Iipolyticus 02075 acylglycerol lipase, M. Ilipolyticus 15672 triacylglycerol

lipase,

shech

=
Eal=

g4t/

297l e Baud FAAe] d7IAES AR g3 2o
ot S E 24 pET2E AFE3E Al Fo]7] & 5tk
Aol GrIMgel weba] 3ol Hindlll/BamHI Al

o|F PCR W&

i

O

_1
B elaL

.

333 Ay C  atlanticus 11223 probable

M. Iipolyticus_LipBL lipolytic enzyme 5 4709l PCR product® A ¥ Atk
o] o ZupolA Eae T THES HsiA THYH =243 pET229Y F2YdS T3

Table 3-25. PCR 2245 93 Primer

Wity e Lipase info. Rspinei oM Forward and reverse primers

name €nzymes

Brevundimonas . ) 5"GATCATATGTCACGCTTCATCACC-3'
nasdae 06435 GRS family Upase NdelVHindll 1= GerriagecaeacTricac-s
Brevundimonas . > 5-GATCATATGTCCATTATAGACAAG-3'
nasdae_06800 Lipase NdelHindl 1= GCTTGATCGGCAGGATCGCS
Brevundimonas Carboxylic ester Ndel/HindIll > -GATCATATGATCACGCGACGTAAG-3'
nasdae_12490 hydrolase 5-GATAAGCTTGGTTCCCGGCTGGAT-3'
Brevundimonas Carboxylic ester Ndel/HindIll |22GATCATATGACAATCGCCGGCGTT 3!
nasdae_ 14900 hydrolase 5'-GATAAGCTTGGGCCTCGGCCGCTC-3'
Brevundimonas GDSL family lipolytic | 1 p oy [ S2GATCATATGGACGCTGAGCAGGTC-S!
nasdae 16195 protein 5"-GATGGATCCAACGGCGTCCGCAGGGC-3'
Croceibacter Probable Ii Neol/BamHl |-2-GATCCATGGAAATGACCATTATAAAATCTATA-Y
atlanticus 11223 robable ipase covbam 5 GATGGATCCAAAAGATGCTCATTAATAAATAT-3'
Marinobacter . . 5'-GATCATATGCTGGACCGGCTTGAA-3'
lipolyticus 02075 | Acylglycerol lipase NeelHindIll 1= o A GCTTGCAGGCCTCTGACAG
Marinobacter . . 5-GATCATATGTCCATCCCATTCCGC-3'
lipolyticus 10801 | Lipase/esterase NdeVHindlll 1=, - Gerracacccaerarcaces
Marinobacter . . . 5'-GATCATATGAAACAATGGCTCAAA-3'
lipolyticus 15672 | 1tiacylglycerol lipase | N del/Hindlll = 3 A AGCTTGAGTCCGGCGTTTTT S
Marinobacter a1 . 5-GATCATATGCACCTGCCCTTCTGG-3'
tipolyticus 15869 | OPSL family lipase NdelHindl 1= GCTTAATATGTCGACGTAGCGGS
Marinobacter . . ] 5-GATCCATGGAAATGAGGGAATCGAAACAG-3'
lipolyticus LipBL | Lipolytic enzyme NeolHindlll 1= G e TTCACCAACGCGCCATT
Pseudoalteromonas | Lipolytic enzyme, Ndel/HindIll 5-GATCATATGCTCTATCACCTTGCT-3'
atlantica 0498 G-D-S-L 5"“GATAAGCTTTGCATGTCGAATGAGTIT-3'
Pseudoalteromonas | Carboxylic ester Ndel/EcoRl  |-oGATCATATGCAATICGCCTTAGTC-3!
atlantica 0510 hydrolase 5“GATGAATTCAACTGGGGTGTGCTGCT-3'
Pseudoalteromonas | Lipolytic enzyme, Ndel/BamHI 5-GATCATATGATTAATTCACACATG-3'
atlantica_0828 G-D-S-L 5"GATGGATCCAATTCCACGCCAACAAAACT-3'
Pseudoalteromonas | Carboxylic ester Ndel/BamHI > ~GATCATATGAACCAAGTTCTTATTAAC-3'
atlantica 0874 hydrolase 5-GATGGATCCAAGAACGAATAGTTCTGCCA-3'
Pseudoalteromonas | | . lass 2 Ndel/BamHl |-2-CATCATATGAATATAATAAAAGAATGT-3"
atlantica_1057 'pase, class elzbam 5-GATGGATCCAACTGAATTAGCTCGTATTG-3'
Pseudoalteromonas . . 5"“GATCATATGAAAAAACTCAAACGC-3'
atlantica_1267 Lipase, class 3 NdelHindll 1= G OTTGTGCTTATCAAAAAAGTC
Pseudoalteromonas | p oo NeolHindlll |-GATCCATGGAAATGAAAATTTCGTACAGC-3"
atlantica 2922 utative lipase/esterase | Ncol/Hin 5_GATAAGCTTTTCACTGACCCGTTG-3'
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g5 e Lipase info. Lsgintei o Forward and reverse primers
name enzymes

Pseudoalteromonas . . . 5"-GATCATATGCGTGAAAAATTAGAG-3'
atlantica_2975 Lipase, putative NdeVHindl 1= GCTTATGCTTAAACATICCTTT S
Pseudoalteromonas | Lipolytic enzyme, Ndel/Hindll 5-GATCATATGACTGATTCGGAAAAG-3'
atlantica 3780 G-D-S-L 5'-GATAAGCTTGCGCATTAACCTGGC-3'

PCR product 47VA (M. lipolyticus 15672 triacylglycerol lipase, M. lipolyticus LipBL

lipolytic
atlanticus 11223 lipase)ol WsiA] THE F2Y 3 pET2WE F2Yo A

z}+

1

T

enzyme, M. lipolyticus_02075 acylglycerol lipase,

Ao w3

Table 3-26. Sequence of LipBL (Marinobacter lipolyticus) (L)

Crocerbacter
Faraoh
417, 318, 324, 31870 ¢] ofu|x=2to g2 FA o] o, A ZZFe] homology”Zl A3 ¢l

I ATGAGGGAATOGAMACAGRTCACORGOCTTTCATCAGGCCACCTTACTCACATIGAAGACCATCTTGACOGOOGCTATATOCAGEOGGRG 90
1 MRESKQVTGLSSGHRLTHTIEDHLDERRLYTIQPG 30
91  AAATTGCCOGGGGCGCTGACTCTGGTGGCO0GAOGTGGGGAAATTGOCTATCTGAAAGCTCAGGGGCOGATGGATGTGGAGCGCAACAAG 180
38 KLPGALTLVARRGETIAYLKAQGPUMDVYETRTNK 60
181  CCGGTCTGOOGGGATACGGTGTTOOGCATTTATTCCATGACCAAGCCTATTACGTOCATOGCCATGATGCAGCTCTATGAGCAGGGGOGG 270
66 PVCRDTVFRIYSMTEKPITSTIAMNMQLYEGQGHR 90
271 TTTTTGCTGGATGATCCGGTACACAAGTACATTO0GECCTGGAAGAACCTGCGGGTTTACAACAGTGETGTCTATCOCAACTTOCTGACC 360
91 FLLDDPVHKYTIPAWKNLRYVYYNSGVYPNTFLT 120
361 ACACCTUCACCAGCACCATGACCATIOG0GACCTGTTCACCCACATGTCAGGOCTGACCTATGRGTICATGAACCECACCAACGTTGAC 450
121 ATSTMTIRDLFTHMSGLTYGEFMNERTENVD 150
451  GOOGCCTATOGGRAGCTGAAGCTGEATGGCAGCOGGAATCTGACACTGGAAGOGCTGGTCRGTCATCTGGCAGAACTGCOGCTRGAGTTC 540
51 AAYRELEKLDGSRNLTLEALVGHLAELTPLETF 180
541  TCACOGGGTACOGCCTGGAACTATTCGGTCAGCACGGATGTGCTGEGGTATCTGGTGCAGTIGCTGGCTGATCAGCCGTTTGATGAGTAT 630
88 SPGTAWNYSVSTDVLGYLVQLLADQPEFDE.]Y 210
631  CTGOGCGAGCATATCTTTGAACCATIGGCCATGTOCGACACOGGCTTCCATGTTCGTGACGATCAGCTOGACOGTTTOGCOGCCTGCTAT 720
211 L REHI1FEPLAMNSDTGEFHTYRDDQLDRTEAACY 240
721 CAGTACGATOCGGTOGACAGTTCAAGCTGCAGGACGATCCRCAGACCTOOCETTIOCB0GACAMGGAGGTTTC TGICTGSTGSCRGC 810
241 Q PVDQFKLQDDPQTSPFRDKRREFLSG GGG 270
811  GGGCTGGTTICCACCATTGACGATTATTTOCACTTTGOCCAGGCACTCTGTCAGGGTGGCGAGTTTGE0GGE0GGCGGATTATTGGCCGA 900
21 G LVSTIDDYFHFAQALCQGGEFGGRRTITDGR 300
901  AAGACTCTGGAATTCATGOGTCGCAATCATCTACCOGGCAATCAGGACCTGOCTGGCCTTIOCGTCGGTCOGTTCAGOGAAACACCTTAT 990
301 KTLEFMRRNHLPGN QDLPGL SVGPFSETTPY 330
991  GOCGGEACCGGCTTCGGGCTGRGCTTTICGGTAAAGACTGAOGTOGCCAAATCCCAGATCAACGGCTOGGTOGGOGAGTATGGTIGGGET 1080
38 AGTGFGLGFSVEKTDVAKSQINGSVGEYGVG 360
1081 GGOCTGGOCAGCACCANCTT TATTATCGATCOGGTGGAGGAACTGGTGGTGATTTCATGACGCAACTGATOCCCTOCTOGACCTACOCG 1170
361 X IDPVEELVVIFMTQLIPSSTYP 390
1171 ATOOGTCAGGAATTGOGGGCGATTGTGAATGGCGOGTTGRTGAAGCTTE0GGCOGCACTCGAGCACCACCACCACCACCACTGA 1254
391 I RQELRAIVNGALYVIEKLAAALTEHHUHH H H #* 417
Table 3-27. Sequence of Triacylglycerol lipase (Marinobacter lipolyticus) (T)
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T AT CANTOGCTCAARGCAGCAACCATGCTGTGCATTCTGGCATGG TOCE0GO0GACCCTGROGTOGTGAACTCTACCCCATCOGAC 9
1 MKQWLEKAATHNLCILAVWSAPTLATFTNS S 30
91 TATACGATACCECTACCGG TG TCTGATACACGGTATG TTCGGT T TTACTCCATAGUOGG TG TIGATTACTGGTACGGTGTGGCT 180
31 Y YPVVLVHGMFGFDSTIAGVDYTFYGVA 60
181 GAAGAT TGOS TAM TACGGTECTGATGICTACACCACGCMGTACCGECECTGGACAGCACCATIGCOCG TGR TGAGCACTACTGCLT 270
61 KYGADVYTTQVPALDSTIARGEALTLTP 90
271 CAGGTTGAGGOCATTGCGGCAGTCCATGGCAAGGTCAATCTGGTCOGCCACAGCCACGRCOGACCAACCGCACGATACGTCGCCOGTGTA 360
99 QVEAITAAVHGEVNLVGHSHGGPTARTYVARY 120
361  CGACCGGATCIGETTGCCTCCGTCACTTCTGTGGGCTOGCCOCATAAAGGATCTCCGGTTGOCGATCTGATTGTCGGCTCCCCRGCCGAG 450
22 RPDLVASVTSVGSPHEGSPVADLTIVGSTPATE 150
451  GGOCTGOGTGCAACTCTGGGCAATGOGCTGGGCGGACTCATTGATCTRTTGTCAGGCGGCGGCTACGACCAGAACATGAGOGCCAGCATG 540
51 6LGATLGNALGGLTIDLLSGGGYDAQNMNSAS M 180
541  TATTCACTGACATCCCAGGGCAGTGCTGAATTCAACAATTTTGCACOGGCCGGTGTTOCTTCCACOGCCTROGRCGAGGGOGCGTATTOC 630
81 YSLTSQGSAEBFNNFEAPAGVPSTACGETGATYS 210
631 GACAACGGAGTUCETTTCTATTCCTGR0GTO0CACAGOCGTTCTGACCAKTGCTCTGGACGTGTCOGATCCOCTACTORGCACCACCAGC 720
211 NGVRFYSWGGTGVLTNALDYVSDALLGTTS 240
721 CIO0GTTTGATICAGTOCAOGATGGTCTUGTAGGO0GCTGCAGCANTCATTICGGAMGTCATCUGGATATTACTICATGAC 810
240 LAFGFSANDGLVGRCSNHFGEYIRDNYTFENMN 270
811  CATCTGGATGAAGTCAATCAGACCCTGGGGCTGCACAGOCTGTTOGAGACTGACCCGAAGGCGETATTTCAGCAACACGCCAACCGGTTG 900
271 HLDEVNAQTLGLHSLTFETDPIEKAVFQQHANR RL 300
01 AMAACGOOGGACTCAAGCTTGEGCOGCACTOGARCACCACCACCACCACCACTIA 957
3001 KNAGLEKLAAATLEHT [l e 318
Table 3-28. Sequence of Acylglycerol lipase (Marinobacter lipolyticus) (A)
1 COGGCTTGAACOGTTTGATCCGGCTICOCCO0GGGAACTGGGGGAAGAGATGG TGGCTTATTGCCGCT T TACGGCCTGGAT 90
1 MLDRLEPPFDPASPRELGEEMYVAYCRTPFYGLTD 30
91 CTCTGa0THEAGCACCAGAGATGAGCTACCATCAGGGTTATGTCAGTGC006500GCACCAGGTCATGRTGCATTACTICCRGTCACDG 180
33 LWVEHPEVSYHQGYVSAGRHQVMYVHYFTRS 60
18] GAGAGCACOGGATCGAAGGGAACGGTTTTTATCCTICATGGGTACTTTGACCACGTGGGGTTGTACAGCCAGTTGATCGACCACTGCCTG 270
66 ESTGSKGTVPRILHEGYFDHVGLYS SQLTIDERECTL 90
271 GAOGCAGGGTTTCATCTGCTGTCTTATGATCAACCAGGCCACGGACTOTOCASTGRCACACCGUGCATISGCAGTTTCCTGRAGTAC 360
99 GAGFDVLSYDQPGHGLSSGTPAATIGSTFTLE 120
361 CAGGOGGTGCTGTCTGAGTGATAGCO0GGATGAMGTAAGATGAGGGGOCOCTIGTATGOAGTOGGCAGAGCACCGAGGGECTATC 450
121 QAVLSEVIARMEGETVTRGTPUV VGEQSTG 150
451  CTGATCGATTACCTGCTGTCGAACCAGCACGATCAGCAGACGTCGGAATTTCGTOGGATCGTGTIGTTGGOGCCATTGATCAGACCCATG 540
151 L IDYLLS SN QHDQQTS SETFRRTIVLLAPLTIRPM 180
541  GGATGGCTTGGTGCAAAGTTACTGCATAGCCTGOCCAGACCCTTOCTRACGCGGTGECRTCRGETGTTIGCCGAAAATAGOGGGAATACG 630
88 6GWLGAEKLLHSLARPFLTRVWRRVFAENSGNT 210
631 O0GTTCCTGO6G TOCTGAAAGAACADGACCRCTTCAGGUG0GGG0G TTCATGTGGATTIGGTATOGGCTCTGAGAAGTIGETACOC 720
21 RFLRFLEKEBDPLO QARAVHVDFVSALRSTV 240
721 CACKTTGATCTGOCAGACCRGTRANTTTICCGETCACGETGATTCAGGOGAMANGACCTGACGTOGNTTGECAGCACAATTTGOSG 810
241 SARPVNFPVIVVQGEKDLTVDVWAQHNLR 270
11 ATTATTOGTAATAAKTTTTCCTCGG TUGAGGANCTIOGTATICOGATGETCGTCATCATTTGG TGAACGAGCACAGGATCTGOMTOG 900
271 1 I RNKF S SVETE PDGRHHLY Q Qs 300
01 ACGRTATTCANTACCATIATIGATACCTCTCAMOGACCATGORGGTCCTCTGTCAGAGGOCTCAAGCTT 975
301 NTI1IDTFSNDHAGPLGSEATCEK.L 324

Table 3-29. Sequence of Probable lipase (Croceibacter atlanticus) (C)
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1 ATGAOCA’[TATAAAATCTATA’IGTATI‘GCAGTA’ICI‘C’ITA’I‘GC’IGTC’[’[’I’[’[CATGCAG’[TCAGATAACTCTAGTAOCACAA’[TCAAGAT 90
1 M T I KSTCIAVSLMLSFSCSSDNSST Q 30
91  CCTGTTACAGAAAATCCTCAAGAAGAACCACAAAACCTTGAAGCAGAAGATATATTTGATGTAAGCTATGGAGACCATCAACAACAGGCT 180
31 PVTENPQEEPQNTLEAEDTIFDVSYGDHQQAQA 60
181  TATGACATTTACTTGCCTGCAAATAGAACTACAGAAGCCACTAAAGTAATATTATTAATACATGGTGGTAGCTGGACAGCTGGIGATAAA 270
61 YDIYLPANRTTEATEKYILLTIHGGSTWTAGTDEK 90
271 AGTGATATGAATTATTTTCTACCTATTTTACAACCACAACTTTCCGAATATGCAATAGTAAATATGAACTATGTTCTTGCTAATGAAACT 360
99 SDMNYFLPILQPQLSEYAIVNMNYVLANET 120
361 ACAGMGCAITT(ITAATCAGATAACTGATGHGGTGCAGTAATAGAACACGIGAAAAACAAMCCTCAGAAIAOCACAIAAAOOCAACA 450
121 AAFPNQITDVGAVIEHVEKNNASEYHTINPT 150
451  TTTGGAGITATTGGTCTTAGCGCCGGCGCGCATATTGGATTGCAGTATACATATGCAGAAGATACTAACCAAGATATTAAAATGGCTTGT 540
51 FGVIGLSAGAHIGLQYTYAEDTNQDTITEKMATC 180
541  AGCGTTGITGGACCTGTAGATTTTACAGATCCTTATTATTCTGAAAACCCTCAATTTCAATTTGTAAACGATTTAGTAGATGAAGATGCT 630
88 SVVGPVDFTDPYYSENPQFQFVNDLVYVDETDA 210
631 TATOCFGAAG(?FACAAATITTGAAGAGGTI’ITAAGTCCTGCATTACAAGTCTUCCAACAAAGTG'IGOCTACTATATI‘A’I’['ITATGGAGAA 720
21 YPEGTNTFEEVLSPALQVSQQSVPTILTFY E 240
721 AGTGATCCTTTGGTGCCACTAAGCCAAGCTAATGCCATTAACGATGCTTTAGAAGCAAATAACGTTACACACCAATTAACAACTTATGAA 810
241 SDPLVPLSQANAINDALEANNYVYTHQLTTTYE 270
811  GGTGGTCATGCCAATTGGAGTTTAGCAAGCTATGCAGATTTACAATCTAAGCTTTCAATATTTATTAATGAGCATCTTTTGGATCCGAAT 900
21 G GHANWSLASYADLQSKLSIFINEHLTLTDPN 300
901 TOGAGC’I‘O(X}'KX}ACAAGC’['I‘GCGGCCGCACTCGAGCACCACCACCACCACCACTGA 957
301 S S SVDKLAAALEHEHTHEH 318

o] 471A glujolAl ARt il F4A wd AYPS S AT 7MA FHA Hd
Ao A o e dild w=E gQldt &= gldlom, 1714 (A, M. lipolyticus_02075°]
acylglycerol lipase) 387 Walo| A d4fd duld Wi=s &8k 5 A 47FA
Azpe] wte AxE gelsty] YA cell pellet®} cee—free extractE WA S 2 lipase
assay (pNPC)E 33} t}.
Asl g3 A3 471K FHAE pET22 vectordl 24383l E. coli BL21(DE3)E o] &
st IPTG 0.1mM, 20TC, 20h Z=d A TdAS st oy, 47F4] 25 TBN plateol] A
X

o

haloS A 3}A] &kar pNPC assayol A %= pellet¥} CFE EFolA @& §A%A

ATt
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T: M. lipolyticus 15672 triacylglycerol lipase(33.7kDa}

A: M. lipolyticus 02075 acylglycerol lipase(37.97kDa).

C: C. atlanticus 11223 probable lipase(35kDa)

1: pellet of E coli cell, 2: Cell-free extract of E. coli cell
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Fig. 3-117. A1Z% @) gtolx wd 28 2

Table 3-30. A x=3 g golAl a4gdd AF A%

Lipase activity
Lipase gene name Lipase information TBN plate (Halo size) peiI;ItF’C assg%f‘E
lipolytious 15672 | Tpaoe ©) 0251 | 0211
lipototiose Lo | Lipolytic enzyme ) 0.185 | 0.236
lipolotiews 09075 | Acylelycerol lipase ) 0.071 | 0.104
aﬂglrl(t)icciigff 03 Probable lipase ) 0.063 0.071

(2) Shotgun cloning 2 &

PCR product® AR &3t #+F (Marinobacter lipolyticus 27-A9, Pseudoalteromonas
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atlantica 31-Al, Brevundimonas nasdae 33-B6) & ™7 2 shotgun cloning< 43 3}
At A T I T M. lipolyticus® A5, HindllIE AF&3le] 7= clone library 2
41507 224 F 4M7F F2Y FH halos 4T olES Addste AxF =
g2r =5 #2383l insert DNA 97|14 E& #43% A3 & Zgk2v| =9 A LipBL

TS S 7115 bp A7)0 A7IM D] FlH AT

il

Table 3-31. A %% Zg~n= U LipBL §d2 d7] 49 (Marinobacter lipolyticus)
GaT

1 ATGACGGAATCGAAACAGGTCACCGGCCTTTCATCAGGCCACCITACTCACATTGAAGACCATCTTGACCGCCGCTATATCCAGCCGGGG 90
1 MTESKQVTGLSSGHLTHTIEDHLDRRYTIQ QPG 30
91  AAATTGCCCGGGGCGCTGACTCTGGTGGCCOGACGTGGGGAAATTGOCTATCTGAAAGCTCAGGGGCTGATGGATGTGGAGCGCAACAAG 180
31 KLPGALTLVARRGETIAYLIKAQGLMDYVERNEK 60
181  CCGGTCIGCOGGGATACGGTGTTCOGCATTTATTCCATGACCAAGCCTATTACGTCCATCGCCATGATGCAGCTCTATGAGCAGGGGOGG 270
61 PVCRDTVFRIYSMTEKPITSTIAMMNMNAQLTYEA QGR 90
271 ’IT'['I'[GC’IGGA’[GATCOGGTACACAAGTACATTO(X}G(X)TGGAAGAAOCTGOGGGHTACAACAGTGGTGTCTATOCCAAC’ITOC’[GACC 360
99 FLLDDPVHKY PAVTVEKNLRVYNSGVYPNFLT 120
361 ACAOC’IGCAACCAGCACCATGACCATTCGOGAOCTG’ITCA(X‘)CACATG’ICAGGCCTGACC’EAIGGGITCATGAACCGCACCAACGTIGAC 450
121 A S MTIRDLFTHMSGLTYGFMNRTNYVYD 150
451  GCCGCCTATOGGGAGCTGAAGCTGGATGGCAGCOGGAATCTGACACTGGAAGCGCTGGTCGGTCATCTGGCGGAACTGCCGCTGGAGTTC 540
51 AAYRELEKLDGSRNLTLEALVGHLAELPLTETF 180
541  TCACCGGGTACCGCCTGGAACTATTCGGTCAGCACGGATGTGCTGGGGTATCTGGTGCAGTTGCTGGCTGATCAGCCGTTTGATGAGTAT 630
88 SPGTAWNYSVSTDVLGYLVQLLADQPTFDETY 210
631  CTGOGOGAGCATATCTTTGAACCATTGGCCATGTCCGACACCGGCTTCCATGTTCGTGACGATCAGCTCGACCGTTTCGCOGCCTGCTAT 720
21 LREHIFEPLAMSDTGEFHVRDDAQLDRTFAACY 240
721 CAGTACGATCCGGTCGACCAGTTCAAGCTGCAGGACGATCCGCAGACCTCCCCTTTCCGGGACAAAAGGAGGTTTCTGTCTGGTGGOGGC 810
241 Q YDPVDQFKLQDDPQTSPFRDKRRFLSGGG®G 270
811  GGGCTGGITTCCACCATTGACGATTATTTCCACTTTGCCCAGGCACTCIGTCAGGGTGGOGAGTTTGGCGGGCGGCGGATTATTGGCCGA 900
21 G LVSTIDDYFHFAQALCQGGETFGGRRTITIGTR 300
901 AAGACMGGAAITCATGOGTOGCMTCATCTAO(XIGGCMTCAGGAOCTGOCIGGCCHTCOGTOGGMGITCAGOGMACAOCHAT 990
301 KTLEFMRRNHLPGNQDLPGL SVGPFSETTP 330
991  GOCGGGACCGGCTTCGGGCTGGGCTTTTCGGTAAAGACTGACGTCGCCAAATCCCAGATCAACGGCTCGGTCGGOGAGTATGGTTGGGGT 1080
3l AGTGFGLGFSVEKTDVAKSQINGSVGEYGVWG®G 360
1081  GGCCTGGCCAGCACCAACTTTATTATCGATCCGGTGGAGGAACTGGTGGTGATTTTCATGACGCAACTGATCCCCTCCTCGACCTACCCG 1170
%1 GLASTNFIIDPVEELVYVIFMNTAQLTIPSSTTYP 390
1171  ATCOGTCAGGAATTGCGGGCGATTGTGAATGGGGCGTTGGTCTAG 1215
399 T RQELRATVNGALYVYV. 404

Shotgun cloning 23 %A ¥ LipBLS & IFAelA <A PCR clonings 33349
LipBL#} ofw| =ik A do] 99% frAkgh glatolAl =2, 270¢] ofm| il A de] 2ol 7t EA)
EI 5!

Table 3-32. %3 LipBL o}v] =4k A< H]al
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Query * 1 MTESKQVIGLSSGHLTHIEDHLDRRYIQPGKLPGALTLVARRGE TAYLKAQGLMDVERNK 60
M ESKQVIGLSSGHLTHIEDHLDRRY IQPGKLPGALTL VARRGE IAYLKAQG MDVERNK

Sbjct#* 1 MRESKQVTGLSSGHLTHIEDHLDRRY IQPGKLPGALTLVARRGE IAYLKAQGPMDVERNK 60

Query 61  PVCRDTVFRIYSMIKPITSIAMMQLYEQGRFLLDDPVHKY IPAWKNLRVYNSGVYPNELT 120
PVCRDTVFRIYSMTKPITSIAMMQLYEQGRFLLDDPVHKY IPAWKNLRVYNSGVYPNFLT

Sbjet 61  PVCRDTVFRIYSMTKPITSIAMMQLYEQGRFLLDDPVHKY IPAWKNLRVYNSGVYPNFLT 120

Query 121 TPATSTMTIRDLFTHMSGLTYGFMNRTNVDAAYRELKLDGSRNLTLEALVGHLAELPLEF 180
TPATSTMT IRDLFTHMSGLTYGFMNRTNVDAAYRELKLDGSRNLTLEALVGHLAELPLEF

Sbjct 121 TPATSTMTIRDLFTHMSGLTYGFMNRTNVDAAYRELKLDGSRNLTLEALVGHLAELPLEF 180

Query 181 SPGTAWNYSVSTDVLGYLVQLLADQPFDEYLREHIFEPLAMSDTGFHVRDDQLDRFAACY 240
SPGTAWNY SVSTDVLGYLVQLLADQPFDEYLREHIFEPLAMSDTGFHVRDDQLDRFAACY

Sbjct 181 SPGTAWNYSVSTDVLGYLVQLLADQPFDEYLREHIFEPLAMSDTGFHVRDDQLDRFAACY 240

Query 241 QYDPVDQFKLQDDPQTSPFRDKRRFLSGGGGLVST IDDYFHFAQALCQGGEFGGRRIIGR 300
QYDPVDQFKLQDDPQTSPFRDKRRFLSGGGGLVST IDDYFHFAQALCQGGEFGGRRIIGR

Sbjet 241 QYDPVDQFKLQDDPQTSPFRDKRRFLSGGGGL VST IDDYFHFAQALCQGGEFGGRRIIGR 300

Query 301 KTLEFMRRNHLPGNQDLPGLSVGPFSETPYAGTGFGLGFSVKTDVAKSQINGSVGEYGHG 360
KTLEFMRRNHLPGNQDLPGLSVGPFSETPYAGTGFGLGFSVKTDVAKSQINGSVGEYGWG

Sbjct 301 KTLEFMRRNHLPGNQDLPGLSVGPFSETPYAGTGFGLGFSVKTDVAKSQINGSVGEYGHG 360

Query 361 GLASINFIIDPVEELVVIFMTQLIPSSTYPIRQELRAIVNGALV 404
GLASINFIIDPVEELVVIFMTQLIPSSTYPIRQELRAIVNGALY

Sbjct 361 GLASINFIIDPVEELVVIFMTQLIPSSTYPIRQELRAIVNGALVKLAAALEHHHHHH 417

*Query ' shotgun cloning 2 ¥} LipBL, #* Sbjct : PCR cloning 2% LipBL

Shotgun cloningS =3 W73 LipBLS A el gz 4dS 517

&

$ kol &=

E38}ar, 7] PCR cloning 23} &2 TBN wjX|o| A haloE ¥AstAh =35k A
FEHS dF o= pNPC assays T338 23, 76 U/mLe &3S Ve whahA

A ol A = shotgun cloning & A3 LipBLS 1ol A & 2dsty] 98] THE
249 9 pET22WE F2Y S TP olE Hd 7] 971 A4d 234E AR
olgfe} o] primergs YARISA=H, 7]<Eo a8 AT PCR cloning?& ThEA

C-terminal 6X-histidine tag %= AES ¥E331A FEE primerS U #2133t}

Table 3-33. LipBL9] PCR cloningS 93} primer

Strain name Lipase Resriction Forward and reverse primers

info. enzymes
Marinobacter LioBL Ndel/HindI 5 GATCATATGACGGAATCGAAACAGGTC-3'
lipolyticus P 5'-GATAAGCTTCTAGACCAACGCCCCATTCAC-3'

A7) primers ©]-&3te] PCRS 438383, o2 £33 A& PCR product® THE ZF&
Y 2 pET229EH F=24YS Sy F2YdS 5 942 Axg ZgId2v=5 E.

coli BL21(DE3)°ll =3t x, 2 d3tE 55 TBN plateol streak?d A3 =24 F

Hol| halog A= AL Folstr).
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Fig. 3-118. pET vetorel A9 LipBLe TBN #j ol 4 ] halo &4

LipBLe] dlz =d& 98] A7 F2dAEF wjdAl 1 mM IPTG  (isopropyl-B
-thiogalactopyranoside) & 3 7}ste] &k @3S F =8t 4] FE5d2 pNPC A

ol 23, &4de] 923 U/mL= 2Hel= it

LipBLE E. coli oA AAst 3 A t}. LipBL9
Ty 2 gl A gls 98l SDS-PAGE zymogram 175 FdlFolt)

SDS-PAGE zymogram®. = ©ulza S &lst $oj= LipBLe &4 W8 EAS 9

g A48 2 A

a1z sk 92 T Pseudoalteromonas atlantica 31-Al, Brevundimonas nasdae
33-B69ll thafA+= ©}2 shotgun cloningS 733t g}
& s 2 2 24 d5
7h AT B
(1) =A & #59 EPS 424 34
=2 AL, 3T (sea water) TH 2%7F o= A (freezing point) ©]3t= F29]
WH7bH frazil ice 2 E8&= A&l ¢F 3-4dmm ¥ = ice crystalo]l FA 7] Ay
W frazil ice7t A& A, A 283 X WA sea iceE: FAsHA ©h (Horner et
al,, 1992). Ice crystale] A% s u] brineolg} 2z Exo] Zo] A F =4, brine©]
FAE uw o] AE (bacteria, algae, protist, flatworms, small crustacean)E©o] 73]
A @t} (Thomas and Dieckmann, 2002). ©]Z A4 #AE Brinex= T A= ice
crystalell o8l o2] o] (lon)E°] FFHo] A% (salinity)7} a5 %5 BEtl EolA
A ®t} (Horner et al., 1992). L4 brineo] 73l AEAELS 15 Eo A&7 x4
2 Ao =Fo] Hol Ag 2EHAE WA HA HAG, od A ~EH U
g =4 AEES F& 9 (saccharide) & ©]&3 3|9 (avoidance), H &
(protection), A &d ] &4 (partnerships) Aoz =3 374 ~Ed 2~ 3k WA

S 7HAA gdar (Kang et al, 2007), 9 v o v AE7}HA

o

3% 79 1
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AE AEES EAFT (Poli et al, 2010). o]¥ g EPSe] 545 o438 M= U
5 HEA (cryoprotectant)E 7l sl AG7F Bo] FdEo] gt} (Fuller, 2004,
Kang et al., 2007). Z12]3l 3l S lA EPSE dldol Folde T55 & 948
S 5% (flocculation) Al7]1= 7] #]ZF= (Organic ligand) 982 3t} (Nichols et
al., 2005). 7] #FF= G wjZo] o] Hof e TEHY vEE =Y T UX
AdFHS golatAl & 4 Atk (Nichols et al, 2005, Lee at al., 2014). o] &2 7]
2 EPsel e B2 7le7iek a2 A% Hsk (charge)Fd #AE wioltt
(Nichols et al., 2005, Lee et al., 2014). ZLejA EPS¢] 13t EAS o] &3lo] Ak
T Al HEA7H = A7 JFE L v (Lee et al, 2014).

ole g A4S 7kl EPSe W EEA, &3 €4 2 B2 Ay &4 29E A
Qo] e AF7 FgEar vk (Liu, Chen et al. 2013, Kim and Yim 2007, Nichols,
Guezennec et al. 2005, Poli, Anzelmo et al. 2010, Lee et al., 2014). 3}A|wt, &f &v] Y
1A &3 vaste] el acle] Ags =15 rHst7|7E o9 7] Wil
7120 A FuBES] wFS s Al HUbeto] AR&EEAL, o] F AL FH A

ol sS4 sheta =S FASL 19 MFEHEel st AL u AH5

of

id
rlo
o

op

A FE7F wol o2HIE S £487I7F olH 9] WA e AE°] cheating® il o= <ls}
of mAdEe] Aol o3 BHFF7F oy AN 2 =d AN udd F

upebA] 71Ee] QEalTY FsxUE 7]+ S 2 Plackett-Burman designel] €] 3l

EPS Attell B2l 22w & 793tal Box-Behnken designs °©l&3te] 4 &

(2) FA& FH A5 T MAYE w
s z7F olFa e AHAE G AHA T P 2 uFES 7HAH oldl i
ol AFE x| k& Aol ®rl (Rohwer et al, 2002). AT ZE o] F&= AT = njAlx

, Al arAlst 53 2 BAE Ro st 4oliitt (Pantos and

Bythell, 2010). &= Ross dfolA] AF 3 H 2ot FAst=s AE T AT &Y

sto] o] 59 I EAS dotri, F&HA 28T F A= HAE] d=A H

REEE L

A~

off

e
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(1) =A F# #5729 EPS A &
7h W =3
2013 2o Eed ZYW AR 7FFF  Pseudoalteromonas sp. RosPo-29l A
AArE exopolysaccharide (EPS; p-RosPo-2)7} W& HE oF S &AHo] =o}

p-RosPo-2 AA#ES  Z7kA7]7] 8 Wi =4 A

fols
H

TFE AA

o

Pseudoalteromonas sp. RosPo-2 2] seed culture= 20.0 g/L glucose’} #7}4
zobell (ZB) ®l#] (SZB; 1.0 g/L yeast extract, 5.0 g/L peptone, 0.01g/L FeSO4, 750
mL £A815, 250 mL FHF9 283 pH 7.0)914 120 rpm, 25Col Al 164 7t v &}

Aot w g seedE ODgpooll Al 0.30] A BAS, & vk wixo] 5 % (v/v)7} &
A H=skg o vl volumes 25mlo] i, baffle flaskE o] &3tk & o %

7oA 3L43E vl gFeAT

(1}) Crude p-RosPo-2 F& % gz =4
20 mL "jFe}> 80TColA 30wzt Wh&ato] cell kWl F2¥ EPSE €342 F
9000 rpm, 40CelA 1021+ A4 At dedS Al 50 mL FE &
celldl 10mL 32 S/ H7Fstal Al Hf AlATh Al F/% cell> thA] 80TelA 30
Hell F2# EPSE &&A1Z7 %, 9000 rpm, 40TColAl 10823 ¢
AN Lol Aesddt dHT (o] A2
ialysis tubing= ©]&3lo] 14 ~ 26A1ts
AL, o] AlEe] 2v) = F3 €] cold ethanol? &3t crude
p-RosPo-25 FZ39tt. %59 crude p-RosPo-2¥% anthrone assay method$}

glucose TS ol&sto]l e FAHUAL, cell> F24Ax o] Uz TF

o
B\

(th) p~RosPo-2 A4tell A<l &4 A4 3 %= A

Base medium, ZB medium®] tgk ©49 (glucose, galactose, sucrose, fructose,

o

manitol)°] H71E ¥WiAE WwEIL T 2R wd T AME AAI p-RosPo-29]
Aarars val sk 247 Hrkd gAY FEE 20 % (w/v)E ST

AAE sucrose?] HA FEE AAS7] 98] ZB medium o 0 T 30 % (w/v)
sucrose’} H71E WA E e T 2o viY T AE A p-RosPo-29 A

e Wl kel

(2}) p-RosPo-2 A4kel] HZAl A4 AAH 9 s AA
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Base medium (20.0 g/L surcose, 0.01g/L FeSO4, 750 mL /3314, 250 mL SH
a8]al pH 7.0)o tpFsk A4 (1.0 g/l yeast extract + 5.0 g/L peptone, 6.0 g/L
yeast extract, 6.0 g/L peptone, 6.0 g/L tryptone)o] H7}d WA & WEL 4 =7
o= wjF & Alx A4 p-RosPo-29 ABAFFS Wl &3k

AAE yeast extractd] #HA FEE AAS 7] @AY div] FAY FH7F v

&
ratio) 0.5, 1.0, 2.0, 3.3, 50, 10°] ¥ =% wjAE w3 §d 202 WY T Alx

373} p-RosPo-29] AES i 59t

("} Plackett-Burman designs ©]-83}4 p-RosPo-22] AAit&FS oJAlst= it AW

3] (1%} Plackett-Burman design)
oA Ay ANE (a9, Aad a8 29y A9 ve)e AL S5
(sea water) S HAgst7] H1d $AgH £4 W (Plackett-Burman design)<
o] 83} t}. Plackett-Burman design< two-factorial designg ©]-&3}o] N7j2] A3 o
gk N-19] AgdHolE A & F o, TAFFY A=z o3 44 H43 2
fRlEA o] 7hssttt. 84 (sea water) A+ Difco & BBL Al (it) marine broth®]
147 718 A& s 7|22 3193 (Table 3-34), ©] A% 5 p-RosPo-29]

| 938l low level> A5 0.0 g/L=Z 3T}

0
L
=
oft
:‘oLL
N
=
)
i
o
()
ftlo
°x
i
ol
il
N

W3k Plackett-Burman design< 129 222 thS3F 2t}

Y=0+ Eﬁixi
where Y is the predicted response (EPS production), By is the model intercept, B; is

the linear coefficient, and X; is the level of the independent variable.

Table 3-34. Statistical analysis of medium components using the initial

Plackett—-Burman design

Component Low level High level

Variables (/L) D 1) Effect t-Statistics  p—Value
X, CsHsFeOy 0.0 0.1 -0.16260 -11.28 0.000
Xo NaCl 0.0 19.45 0.22540 15.64 0.000
X3 MgCl, 0.0 29 -0.04740 -3.29 0.003
Xy Na;SOy 0.0 3.24 0.13100 9.09 0.000
X5 CaCly 0.0 1.8 0.05300 3.68 0.001
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Component Low level High level

Variables (/L) 1) (+1) Effect t-Statistics ~ p—Value
X KCl 0.0 0.55 0.09500 6.59 0.000
X7 NaHCOs; 0.0 0.16 -0.08740 -6.07 0.000
X3 KBr 0.0 0.08 0.09460 6.57 0.000
Xy SrCly 0.0 0.034 -0.00220 -0.15 0.880
X0 H3BO3 0.0 0.022 -0.12140 -842 0.000
X NaySiOs 0.0 0.004 -0.10180 -7.06 0.000
X1z NaF 0.0 0.0024 0.06380 443 0.000
Xi3 NH4NO3 0.0 0.0016 0.07100 4.93 0.000
X4 Na;HPO4 0.0 0.008 0.06980 484 0.000

>
i3

i=]
/K(—)\| RLEEERE A

(¥}) Plackett-Burman designg ©]83}¢] p-RosPo-29] AAtEFS S71A] 7]

rr

(22} Plackett-Burman design)
12+ Plackett-Burman designol Al A # 97je] F7]&E A& F p-RosPo-29] A
S VNI AES AEstr] 98l 22 Plackett-Burman  designe A A dHd T

(Table 3-35).

Table 3-35. Statistical analysis of slected medium components using the secondary

Plackett-Burman design

Component Low level High level

Variables (/L) D (+1) Effect t-Statistics p—Value
Xy NaCl 5.0 25.0 0.08600 4.80 0.000
Xy NaySO;4 2.0 10.0 0.07667 4.27 0.001
X3 KCl 0.2 2.0 0.03800 2.12 0.050
Xy KBr 0.05 1.0 0.08333 4.65 0.000
X5 NH4NO3 0.001 0.02 -0.03467 -1.93 0.071
X Na;HPO, 0.005 0.1 0.09867 5.50 0.000
X7 NaF 0.001 0.05 0.12733 7.10 0.000
X3 CaCly 1.0 3.0 -0.04067 -2.27 0.038
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. Component Low level High level o
Variables Effect t-Statistics p—Value
(g/L) (-1) (+1)

Xo SrClp 0.005 0.05 -0.09200 -5.13 0.000

N

(Ah) Box-Behnken designs ©]-&3t9] p-RosPo-29 AAtEds F7HA7]+ A8 5%
Azt A3
22} Plackett-Burman design®l 4] negative effecctE® H % NIHNO; CaCl,, SrCl,2}
KCI& Difco & BBLAMjil:) marine broth®] &%=} sd3tA H7Fslsda, AdE 570

T71% A& T p-RosPo-29 ANFHES 771+ A& 58 ZAAs7] &l AL
= NS Attt (Table 3-36). ol H A A (prediction of optimal point):= £.¢1
Wy g wkSof ot FHAAAE o] &l 22 T2 FAIST. o H Ao ot

WA thest o] EdWL
Y= 6+ Z8.X,+ 368, XX +3X3,X
Where Y is the predicted response (EPS production), and Bo, B;, B; and B; are the

constant and regression coefficients of the model, with X; and Xj representing the

independent nutrient components.

Table 3-36. Box-Behnken optimization of selected significant medium components

Variables Component Low level Center level High level
(g/L) (-1) 0) (+1)
X NaCl 10.0 175 25.0
Xo NaySOq4 7.0 135 20.0
X3 KBr 0.1 1.55 3.0
Xy NaHPO, 0.01 0.055 0.1
X5 NaF 0.0005 0.00275 0.05

(2) FA& G s A nAYE Ee
(7}) 2016 2= Ross 3] H& 2tsoA FAvAAE 2 2 54

9 Ross 3 ANA dredge WWOE AAT HE I FAYRL 2ol
7] Sla) Aol H91E Qelm Aste] of 1 cm Aol 224 AT o & AFSE

W2 AHste] EHel ePo A% VYRS A AAD Aze] 74 274e

B
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st AR Zdn daeE HUkske] olE 7B, SZB, R2A, YPG, ISP4, MB,
NB, PDB| thFe aajujA]o] mwatc) 15ColA w57t st e & & A&
W7kA] gt FRYUE J £o® AfFHee] HEd FHO wiA ek A 15Tl A
wj ekt A et ol tis] 16S sequencingS E3 FAE A AEt 518F, 800R
xZlolME o]g3slo] 16S rRNA 73 A} sequencingS 338}, contig sequences
EzTaxon Hlo]ElH|o]~ 9] type strain®} Bl TS A A3t}

) H2 A SARAEY A 2l A
wo ASoA FYF S HA A A 2RE 4] AT A¥S S
HA seed WSS AAIgt) 50 mL tubeol 5 mLA ZF wiAE A9 FF2] stockS
A7Feth 15TCelA w9 S wor FQ & = AS o 7 viFety dA 2

Foll thafj A= 4Tl BHaAgth Seed WS vl #5550 da] 27 ODE &%
= 600nmoll A S 3kar, 2 owjke] cell OD7F 0.010] H=s HFgoh 5 4o F
A 2EE 7] 98] 4T, 16T, 25CollA Zhz; widksty 3 o, 7 4, 18 4 5 wjgo
°] ODgpox 543t
oA 2
(1) =A & #59 EPS A4 3

(7 p~RosPo-2 A4tell A<l &4 A4 3 &% A4

z+ 28] 7 (ZB, glucose, galactose, sucrose, fructose, mannose)$} Hl 3 S o, +5F

A= 1.61 + 0.10 g/L= glucouse”} AY =7 SHEHAA T p-RosPo-2 A4k

=

M 8654 +

AhFol Al

7.83 mg/LE sucrose’} AL =A Atk o] Aol o EPS A

=2 ©A299 sucroseE AT (Fig. 3-119).

=4 5

3T
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100 1.8

I EPS Productio

[ Dry cell weight - 1.6

80 A - 1.4
g 3
g 12
T 60 =

c
S L10 B
= R
5 )
E 2
5 L 0.8 =
S 40 8
[72] 06 2
o [a]
w

20 4 0.4

0.2

0 0.0

ZB Glu Gal Suc Fru Man

Carbon source

Fig. 3-119. Effect of carbon sources on EPS production and growth of
Pseudoalteromonas sp. RosPo—2. All experimental data were mean * SD of three

determinations.

744 sucrose®] A F=E A48kl $18 0, 05 1.0, 20, 3.0%°] s== H7}sto]

Ao Z g g = ME AT p-RosPo-29 AAEFS vlwstdth 7 AT
o} v & wl, A& p-RosPo-29 A k=S 747t 2po]lE H Tl p-RosPo-2 A4t
2 0% sucrose¥ W 8516 + 7.86 mg/L= #A|Y = p-RosPo-2 AitgEFo g =4

2
HAo 2ElA oA} 9ld] sucrosed TEE 20% (w/v)E QAT (Fig.

100 1.2
I EPS Production
[ Dry cell weight
1.0
80 1
3 )
g L08 5
= 60 =
c
S =,
= R
L )
g 0.6 s
'g =
S 40+ g
n L o4 >
o o
L
20
0.2
0 0.0

0 0.5 1.0 2.0 3.0

Sucrose concentration (%)

Fig. 3-120. Effect of sucrose concentrations on EPS production and growth of
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Pseudoalteromonas sp. RosPo-2. All experimental data were mean * SD of three

determinations.

() p-RosPo-2 Aikel A< A4 Ay 2 s% AA
tgst A48 RosPo-2 w5 #l¥ A FH7bste] EPS Aits 57t
AR 2 Ak ol #e W, A3 p-RosPo-29] A4k 2H2h Aol & B
Ath Yeast extractoll A ME A HI p-RosPo-2 Aitdo]l Al =74 ZHHa,
S 22 164 £ 024 g/L, 11057 + 10.21 mg/Lo|t}. o] ZAxte] 93] EPS A4t

Zo] AY =& HAU9l yeast extractE A A AT (Fig. 3-121).

140 20

I EPS Production
1 Dry cell weight

120 A

1.5

) i —_
3, 100 3
£ K=
: e
§ 80 5
2 =
- [
_cg: 10 2
S 60 3
o o
o g
40 -
w - 0.5
20 -
0 0.0

Control Yeast ex. Peptone Tryptone

Nitrogen source

Fig. 3-121. Effect of Nitrogen sources on EPS production and growth of
Pseudoalteromonas sp. RosPo-2. All experimental data were mean * SD of three

determinations.

A7 ¥ yeast extract®} sucrose? H| &S ZA}SEL7] $138}4 sucroseE 2.0% o2 A3}
il yeast extractd] S AU FAYe v]E (C/N ratio) 05, 1.0, 2.0, 3.3 (W=
T), 5.0, 100] H == wxE e 7Y 2oz wid F AE A3 p-RosPo-29
ik Bl 24 Atk v g5 o), 4783 p-RosPo-29 AAbde 72zt
zol S H.th p-RosPo-2 AAF#S C/N ratio #t¢] 3.3 ¢ uw 11057 + 10.21 g/L=
AL =4 SAHHSA . olet 22 AAE g ow dade] H7F HlE&S 3328 A

3ttt (Fig. 3-122).
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140 5
I EPS Production
[ Dry cell weight

120 A
100
80

60

L2
40 4
L1
20 4
0 0
33 5.0 10.0

0.5 1.0 2.0

EPS production (mg/L)
Dry cell weight (g/L)

C/N ratio

Fig. 3-122. Effect of carbon / nitrogen ratio on EPS production and growth of
Pseudoalteromonas sp. RosPo-2. All experimental data were mean = SD of three

determinations.

(t}) Plackett-Burman designs ©]-83}¢] p-RosPo-22] AAbeES A= AAE Az
3l (12} Plackett-Burman design)
g Ay AnE (5, 84dY, 249 93 gAY a9l ve)S VxE &

A AES HAs)sl7] 98l FAEH 4 U (Plackett-Burman design)S ©]

al
galAd. sl ¥ Difco & BBLALGiE) marine brothe] 147] F7]1& AES 7|2

o
fr
ol
&
£
Ay
ol
it

p-RosPo-2 &S Plackett-Burman design method& ©]-83}¢]
147) 2217+ AA 3 AS polynomial model® FA3HH thg-3} 2o}

Y production) = 0-52050—0.08130.X, +0.11270.X, — 0.02370.X; +0.06550.X, +0.02650.X;

+0.04750.X; — 0.04370.X; -+ 0.04730.X, — 0.00110.X, — 0.06070.X,, — 0.05090.X,,
+0.03190.X,, +0.03550.X,, +0.03490.X,

Where Y is predicted response (EPS production), X; - X4 are the coded values of
C6H5F€O7, NaCl, Mng, NazSO4, CaClz, KC], I\IEIPICOgy KBI’, Sl’Clz, HgBOg, N325i03, NaF,

NHNO; and Na;HPO,, respectively

FAAY g Ay WA p-RosPo-2 A4te]l gk ZHxFe] normal probability plot©]

™
4 N

AAtel] FAEE Ao R Hol Plackett-Burman designol] &3 A7 A ATS &

B

AR (Fig. 3-123), standardized effect®] normal probability plot (Fig. 3-124)
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Table 3-33 o 4] p-RosPo-2¢] A& ato] st =AS Al

]

T ATt CHsFeOy,
MgCly-6H20, NaHCOs, SrCl,, H3BOs;, NasSiOs3 7F p-RosPo-2 AAkel] A &3}
(negative effect)E Ho thx AdPole 7k &ttt Positive effects 21 871
A& 22 Plackett-Burman designel] ©]-83F3th. kX% SrCl2 p-value’} 0.8802

Z fAo] glA vt 22k Plackett-Burman designel] X &HA| Z T},

Normal Probability Plot of the Residuals
(response is EPS production (g/L))}
]
35
o)
m_
m_
C &0
q_a_
& 3]
20 4
10 1
5_
1— T T T T T
-0.10 -0.05 0.00 0.05 0.10
Residual

Fig. 3-123. Normal Probability Plot of the Residuals for the response of p—RosPo-2

production.
Normal Probability Plot of the Standardized Effects
{response is EPS production (g/L), Alpha = .05)
]
Effect Type
& Not Significant

55 mN=C! | B Significant

A B NaZS04

20 mKCl

B KEr

- B HHENOS
E 601 B NaR04
2 mcac
e ¥

S B MgCiz

B HEHOO3
204 B Na25i03
i B HIEC3
5+ - B OsHSF=O7
1 T T T T T T
-10 -3 0 5 10 15
Standardized Effect

Fig. 3-124. Normal Probability Plot of the standardized effects for the response of

p~RosPo-2 production.
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(2}) Plackett-Burman designg ©]-&3}o] p-RosPo-29] AAL#HS F7iA17]= AR Al
(22} Plackett-Burman design)
12} Plackett-Burman designell Al AE ¥ 9719 F7]& &5 p-RosPo-2¢] AitFS
Z7MA 71 AES AEslr] Yell 2% Plackett-Burman design 2 A gtk A H
p-RosPo-2 3F#< Plackett-Burman design methodZ ©]-&3}o] 971 2<17ke] A
AZ polynomial model® EA]sbdA t}g3F 7t}

Y production) = 0-85133—0.04300.X, +0.03833.X, +0.01900.X; +0.04167.X, — 0.01733.X;

+0.04933.X, +0.06367X, — 0.02033.X, — 0.04600.X,

Where Y is predicted response (EPS production), X; — Xg are the coded values of
NaCl, Na,SO,4, KCl, KBr, NH,NO3;, Na,HPO,, NakF, CaCl,, and SrCl,, respectively.

EAAE 8 A3 WA p-RosPo-2 Ao 3k z+x}2] normal probability plote] 2
Aol F-2 5= A S ZE Hol Plackett-Burman designell 93+ ZAMF AAETS & 5
31 (Fig. 3-125), standardized effect®] normal probability plot (Fig. 3-126) 3}
Table 3-34 o4 p-RosPo-29] AAitg o] tist =& A & 5 Atk NHNO;,

fass

CaCl9} SrCl7F p—RosPo-2 AAbo| negative effectE H.¢], p-RosPo-2 A4kel] = A
o] FHA = AR o7 FurdEt) Positive effectE H.¢ 67 A& p-RosPo-2 A

Abell A B HE AEo® FAdy o] Box-Behnken designel] ©]-&3Fit). sFA vk
KCl& p-value7t 0.05 o] 2 Folide] glA 1<t Box-Behnken designell 3 EA]7]
] 28 T
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Normal Probability Plot of the Residuals
(response is EPS production (g/L))
]
95 A
=
m.
et ?a_
C 6+
4_3_
i
20 4
10 A
5_
o) T T T T
-0.10 -0.05 0.00 0.05 0.10
Residual

Fig. 3-125. Normal Probability Plot of the Residuals for the response of p—RosPo-2

production.

Normal Probability Plot of the Standardized Effects
(response is EPS production (g/L), Alpha = .05)
]
Effect Type
& Not Significant

55 B Significant

N M Nz

0 B NaZHPO4

70 4 B NaC!
'5 60 BKEr
O 501 B NaZsod

q_a -
& 3]

0

10 1

WSl
5 -
1— T T T T T T
=5.0 AT 0.0 2.5 5.0 .5
Standardized Effect

Fig. 3-126. Normal Probability Plot of the standardized effects for the response of

p—RosPo-2 production.

(v}) Box-Behnken designs ©]83}9 p-RosPo-29] Aat=s S7A17]= A
HAst A3

22} Plackett-Burman design®l A negative effect® H % NILNO; CaCl,, SrCl, <}

T

A

KCI2 Difco & BBLAHjil) marine broth®] s =9} sd3stA H7tetda, AEE 57

T71E AJEZF p-RosPo-29 AArES Z=7HA)7)

rlr
ox

® vEE AAS7] f& Table
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3-36 %ol AE &= HHE Asda, o A

)

st=FS Box-Behnken design
methodE o] &3l BAAE sl (Table 3-37). T3 =7 et HHx1S
AAEEL7] 9138kl second-oder polynominal funtiono] 2]3F p-RosPo-2¢] AAF of| A<=
Aol ek AL thE 2T

Y= 1.30300— 0.09010.X; —0.05750.X, +0.03275X; — 0.00425.X, — 0.02860.X; — 0.21568 X

—0.23888 X, — 0.28333.X; — 0.21588 X; — 0.28902 X7 — 0.03400.X, X, + 0.00700.X, X,
+0.04300.X, X, —0.04240.X, X; — 0.06100.X, X, — 0.03300.X, X, +0.01200.X, X,
—0.07500.X, X, — 0.02000.X, X; —0.02000.X, X,

Where Y is predicted response (EPS production), X; - X5 are the coded values of
NaCl, Na,SO,4, KBr, Na-HPO, and NaF, respectively.

<

Xl

| 241 A3 R (90.7%), adjust R® (81.8%) #& p-RosPo-29] A4tel] djs] 233
o| 5 7k Alole] Aol =SS 7Hezlth o] 3+ R4 F g2 1068 Lglil P g
£ 005 o]&tZ AAko] o] o] Box-Behnken designe & AlFEEE WA # A
Aol (lack of fit) ¢ P ko] 0.05 o] o= ALt o] A=gdo] §las HATh Lack of
fite] P gkol =2 oml= o] A#rt o mudA AJEE tejzith 2 kel A
% ZFgo t3t 3 dimensional response surface plots L&~ % Fig. 3-127°]t}.

kS A (Response surface plot)¥} Box-Behnken designg =3lo] 7+ A &9 3
A sE2E #AYY. 1 43 NaCl2 16.0 g/L, NaSO,+= 12.7 g/L, KBr 1.66 g/L,
Na,HPO,&= 0.052 g/L, NaF+ 0.0025 g/Leolth. HAsgd Fx Tr=olzl wiA
(optimized medium (OM); 20.0 g/L sucrose, 6.0 g/L yeast extract, 16.0 g/L NaCl,
12.7 g/L NasSO,, 1.8 g/L CaCl,, 1.66 g/L. KBr, 0.55 g/I. KCI, 0.034 g/L SrCl,, 0.0016
g/L. NH/NOs, 0.052 g/I. Na;HPO,, 0.0025 g/L. NaF)9} SZB 8] %ol 4] p-RosPo-22¢] 4}
A gk AlE AR a28al pH WEtE AIRE HE ARES S vl el (Fig.
3-128). SZBelA 9] pH W3t 36413F &<t pH7F 1.5 4% pH b4% &4 ¥ o
pHE 72X X744 fALSkAl A1 = k. OMell A ¢ pH Wk 18A1%F &<k pH7F 1.6
ad pH 532 54 AL, thA] 1843F ¥ pHE 58= S7F stz thal A48l
aste] 72A1 kel = pH 552 SAHATE F wjA oA 3¥Zt RosPo-2 w5+ A<
37 StAA T, SZB wiAIel Al p-RosPo-2 AibeEe 36A17kel Hdl & (036 + 0.00
g/L)ell =gsto] T2A13F 744 FARsEAl A AL, OM iAol A p-RosPo-2 A4k
2 48217 el Al (1.15 £ 0.03 g/L)oll =gste] 7243 7kA] FARSHAl R A = A )
HE3-FH Ao = p-RosPo-29] A4t#o] 13 g/L2 o501, A=% p-RosPo-2
o] AL 111 + 005 g/LE 23} fAHA 2A-FH AT o] A=k SZB i

-~

Y
59

- 171 -



o 4 A4k p-RosPo-2 (0.36 + 0.01 g/L)°] ¢F 3w} F7td AAkFo| ot

Table 3-37. Analysis of variance for predictive equation for EPS production by
Pseudoalteromonas sp. RosPo-2. X; - Xs are the coded values of NaCl, NaxSOy,
KBr, Nao,HPO, and NaF, respectively.

Source Sum of squares df Mean square F-values P-values
Model 1.24118 22 0.059104 10.19 0.000
Blocks 0.00197 1 0.001970 0.34 0.566
X1 0.12989 1 0.129888 22.39 0.000
Xy 0.05290 1 0.052900 9.12 0.006
X3 0.01716 1 0.017161 2.96 0.100
Xy 0.00029 1 0.000289 0.05 0.825
Xs 0.01309 1 0.013087 2.26 0.147
Xy 0.34353 1 0.343527 59.21 0.000
X,” 0.42140 1 0.421405 72.63 0.000
Xs” 0.59512 1 0.595124 102.57 0.000
X4? 0.34416 1 0.344165 59.32 0.000
Xs” 0.61684 1 0.616842 106.32 0.000
XXz 0.00462 1 0.004624 0.80 0.382
X1X3 0.00020 1 0.000196 0.03 0.856
X1 X4 0.00740 1 0.007396 1.27 0.271
X1 Xs 0.00719 1 0.007191 1.24 0.278
XoX3 0.01488 1 0.014884 2.57 0.123
XoXa 0.00436 1 0.004356 0.75 0.396
XoXs 0.00058 1 0.000576 0.10 0.756
X3X4 0.02250 1 0.022500 3.88 0.062
X3Xs 0.00160 1 0.001600 0.28 0.605
XX 0.00160 1 0.001600 0.28 0.605
Residual 0.12764 22 0.005802
Lack of fit 0.12504 20 0.006252 4.81 0.186
Pure error 0.00260 2 0.001300
Cor total 1.36882 43
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Fig. 3-127. Three-dimensional response surface plot for the effect of A) NaCl,
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Fig. 3-129. &= Ross 3ol A 2F 3 H& 2t
== [e) H3s = [\ o = o
2Y M w7 wolA], £% T udst A4S W FRYEo] A, By HEo
1 = = = =
s A= difEo] s Egolden dEE HA EUdth FEYE 42 16S A
o : = ol ] & = Lol o o =
A< sequencing st YA E7F VM F FOoE FASMS W, 2 ToE sAH
= 9O =3= H o = ev) = = O o) o
AYNES AFSH F2 A5 FAnAE 23 T2 FHES & F A Fo=
=] 3 KeN (@) A B = r = ol > ) = =
T8 StAE AT, 1918 Sow EREnh e, dX=7F 97% olskel TS o
= o = o) O = 5
= 2-12, 1-12, 4-14, 1-7, 3-5, 4-5, 4-82 7|Eol| &H A A & AFo|gha AHET
>~ o
T JJKE]‘
B o = =] = v hm =
Table 3-38. &< AtsolA g A A= 5434 54
Stock Collectin Similari
No. Sample name Latitude Longitude Depths e Media A o (A= Identification imilarity
No. method (%)
1| 212 4o 20t RSS 1] 73231187 5| 173206802 €| 330 | Dredge | SzB | Orange | Round | X | Altererythrobacter marensis | 96.39
2| 47 |, dORORS (1] 73231187 5| 173206802 E| 330 | Dredge | NB | Yellow | Round | X | Arthrobacter subterraneus | 99.93
3| 112 |, BONRS. (1| 73231187 5 | 173206802 €| 330 | Dredge | 7B | Yellow | Round | X | Awantimonas coralicida | 97.8
4] 11 [, BONRSS 1173231187 5 173206802 £ | 330 | Dredge | 7B | Yellow | Round | X Bacillus aerophilus 99.34
5| 13 |yoriones 1| 73231187 S | 173206802 €| 330 | Dredge | SZB | Yellow | Round | X Bacillus aerophilus 99.2
6 | 16 |yoridion: ¢1| 73231187 5 | 173206802 E | 330 | Dredge | MB | Yellow | Round | X Bacillus aerophilus 99.93
7| 19 |uerd0WRSS 73231187 5 173206802 E| 330 | Dredge | NB | Yellow | Round | X Bacillus aerophilus 100
8 | 110 |ord0H0RSS 1] 7323.1187 5 173206802 E| 330 | Dredge | PDB | Yellow | Round | O Bacillus aerophilus 99.93
9 | 14 |uerZ0WRSS 73231187 5 173206802 E| 330 | Dredge | R2A | Yellow [Irregular| X Bacillus altitudinis 99.93
10 | 21 [y 2OMERSS 1173231187 5| 173206802 E| 330 | Dredge | NB | Beige | Round | X Bacillus safensis 99.53
11| 31 [y 2OMERSS 1173231187 5| 173206802 E| 330 | Dredge | SzB | Yellow | Round | X Bacillus safensis 99.93
12| 43 [, 2OMERSS 173231187 5| 173206802 E| 330 | Dredge | R2A | Pink | Round | X Bacillus safensis 994
13| 46 [ o0toRSS 173231187 5 173206802 E| 330 | Dredge | NB | Yellow | Round | O Bacillus safensis 99.73
14 | 5-1 #Sng—lDGE—SE?S—Gl 73,23.1187 S| 173,20.6802 E| 330 Dredge | PDB | Beige | Round | O Bacillus safensis 100
15 | 4-4 #Sng}SE,SB?’s,Gl 73,23.1187 S | 173,20.6802 E 330 Dredge | MB | Yellow | Round | X Croceicoccus marinus 100
16 | 32 [poraotoRS 1| 73231187 5 (173206802 E| 330 | Dredge | SzB | A7 [Round | X | Goyprococcus fonsecae 99
17 | 111 [0 oRS ¢;| 73231187 S [ 173206802 E| 330 | Dredge | SZB |Orange | Round | X Dietzia maris 99.79
18 | 113 |40 toRS. ¢q] 73231187 5 | 173206802 E| 330 | Dredge | 7B |Orange | Round | X Dietzia maris 99.86
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Stock B . Collecting . . . Similarity|
No. No Sample name Latitude Longitude Depths method Media AR Ry (A= Identification %)
. 0,
2016RS3 PP
19 | 4-23 |uo106 DROBS-61| /3231187 S | 173,20.6802 E 330 Dredge | SZB | Orange | Round | X Dietzia maris 99.72
20 | 414 |, p0tRSS 173231187 5| 173206802 €| 330 | Dredge | 7B | Yellow |Irregular| X Erythrobacter pelagi 96.57
2| 17 |y atRSS 173231187 5| 173206802 €| 330 | Dredge | MB | Orange | Round | X Erythrobacter pelagi 974
22| 35 | atORSS 1173231187 5| 173206802 €| 330 | Dredge | MB | Orange | Round | X Erythrobacter pelagi 97.41
23| 45 |, otORSS 173231187 5| 173206802 €| 330 | Dredge | MB | Orange | Round | X Erythrobacter pelagi 97.34
24| 4-8 #Sng—lDGE-SBSS—Gl 73,23.1187 S| 173,20.6802 E| 330 Dredge | NB | Orange | Round | X Erythrobacter pelagi 97.34
25 | 417 |erad RS 1173231187 5 173206802 E| 330 | Dredge | MB | Lemon | Round | X Georgenia muralis 99.86
26 | 418 |perod RS 1173231187 S [ 173206802 E| 330 | Dredge | MB | cf% | Round | X Kirrobacter mercurialis 99
27| 22 |yuergd MRS 1173231187 5 [ 173206802 E| 330 | Dredge | NB | Lemon | Round | X Microbacterium lacus | 98.97
28| 42 |uerod RS 1173231187 5 [ 173206802 E| 330 | Dredge | ZB | Lemon | Round | X Microbacterium lacus | 99.11
29 | 310 |yerod s RS 1| 7323.1187 5 [ 173206802 E| 330 | Dredge | R2A | Lemon | Round | X Microbacterium lacus 98.9
30 | 37 |perod RS 1| 73231187 5 | 173206802 E| 330 | Dredge | SzB |AAgti|imegular| X |  Modestobactermarinus | 99.59
31| 39 |peroo RS 1| 73231187 5 [ 173206802 E| 330 | Dredge | NB | Orange | Round | X | Modestobacter marinus | 99.52
32| 25 |pergo RS 1| 73231187 5 [ 173206802 E| 330 | Dredge | zB | A7 |Wmegular| X | Modestobacter marinus | 99.65
33| 213 |yeroe R 61| 7323.1187 S [ 173206802 E| 330 | Dredge | SZB |@AgHi|imegular| X | Modestobacter marinus | 99.65
38 | 420 |yeroo RS 1| 73231187 S 173206802 E| 330 | Dredge | SZB |AAgHi|imegular| X | Modestobacter marinus | 99.52
35| 53 |yeroe ons.e1| 73231187 S | 173206802 E| 330 | Dredge | NB |@A%H| Round | X | Modestobacter marinus | 99.65
36 | 24 |yeroe oRs.g1| 73231187 S [ 173206802 E| 330 | Dredge | NB | Beige | Round | X Moraxella osloensis 99.73
37 | 15 |y adtORSS 173231187 5| 173206802 E| 330 | Dredge | R2A |Orange | Round | X |  Nesterenkonia jeotgali | 99.73
38 | 18 |peradtoRSS 173231187 5 | 173206802 E| 330 | Dredge | MB | Yellow | Round | X |  Nesterenkonia jeotgali | 99.73
39 | 41 |uoradtoRSS 173231187 5| 173206802 €| 330 | Dredge | 7B |Orange | Round | X |  Nesterenkonia jeotgali | 99.73
40 | 211 |or20tORSS 173231187 5 173206802 E| 330 | Dredge | ISP4 | Lemon | Round | X |  Nesterenkonia jeotgali | 99.25
41| 411 [ Z0HRSS 173231187 5 173206802 E| 330 | Dredge | PDB | Yellow | Round | X Nesterenkonia lutea 99.41
2016RS3 Ornithinimicrobium
42 | 412 |, 20NRSS 1173231187 5| 173206802 €| 330 | Dredge | zB | Yellow | Round | X Cbboranc 100
43 | 1-2 #Sng—lDGE—SgS—Bl 73,23.1187 S | 173,20.6802 E| 330 Dredge | ZB Beige | Round | X Psychrobacter marincola 99.23
44 | 3-4 #Sng—llgls—S;S—m 73,23.1187 S | 173,20.6802 E 330 Dredge | MB | Yellow | Round | X Rhodococcus fascians 99.86
a5 | 416 |, 201ORSS 173231187 5 (173206802 E| 330 | Dredge | NB | White |Iregular| X |Rhodococcus marinonascens| 99.52
46 | 4-15 | o 20tORSS 173231187 5| 173206802 E| 330 | Dredge | R2A | White |Iegular| X |Rhodococcus marinonascens| 99.93
47 | 36 |,orddtORSS (1173231187 5| 173206802 E| 330 | Dredge | NB | Pink |Round | X | Sakaguchia dacryoidea 99
a8 | 49 |, 20TORSS 173231187 5173206802 E| 330 | Dredge | NB | Pink |Round | X | Sakaguchia dacryoidea 100
49 | 410 |, 201ORSS 173231187 5173206802 E| 330 | Dredge | PDB | Pink | Round | X | Sakaguchia dacryoidea 99
50 | 26 |ycroe omys.gq| 73231187 S (173206802 E | 330 | Dredge | ZB | Pink |Round | X | Sakaguchia dacryoidea 100
51| 3-11 [peroo omss gp| 73231187 S 173206802 E | 330 | Dredge | R2A | Pink [Round | X |  Sakaguchia dacryoidea 99
52 | 3-12 |poroe omts g1| 73231187 S (173206802 E| 330 | Dredge | 7B | 1% |[Round | X | Sakaguchia dacryoidea 99
53 | 3-13 |peroe oms.g1| 73231187 S (173206802 E| 330 | Dredge | PDB | % |[Round | X | Sakaguchia dacryoidea 100
54 | 52 |peroeomis.gr| 73231187 S (173206802 E| 330 | Dredge | 7B | 1% |[Round | X | Sakaguchia dacryoidea 99
55| 23 [, 20MERSS 73231187 5| 173206802 E| 330 | Dredge | NB | Yellow | Round | X | Staphylococcus wameri | 100
56 | 27 [y aoteRSS 1173231187 5| 173206802 E| 330 | Dredge | zB | White | Round | X | Staphylococcus wameri | 100
[e] P = = sy =
Table 3-39. & FTo=2 Fol Aysk &4 vA=
No. | Stock No. Identification Similarity(%) No. | Stock No. Identification Similarity(%)
1 2-12 Altererythrobacter marensis 96.39 3-7 99.59
2 4-7 Arthrobacter subterraneus 99.93 3-9 99.52
3 1-12 Aurantimonas coralicida 97.18 2-5 99.65
14 Modestobacter marinus
11 9934 2-13 99.65
13 99.2 4-20 99.52
4 1-6 Bacillus aerophilus 99.93 5-3 99.65
1-9 100 15 2-4 Moraxella osloensis 99.73
1-10 99.93 15 9973
5 1-4 Bacillus altitudinis 99.93 1-8 99.73
16 Nesterenkonia jeotgali
21 99.53 41 99.73
31 99.93 2-11 99.25
6 4-3 Bacillus safensis 994 17 4-11 Nesterenkonia lutea 99.41
4-6 99.73 18 4-12 Ornithinimicrobium kibberense 100
5-1 100 19 1-2 Psychrobacter marincola 99.23
7 4-4 Croceicoccus marinus 100 20 3-4 Rhodococcus fascians 99.86
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No. | Stock No. Identification Similarity(%) No. | Stock No. Identification Similarity(%)
8 3-2 Cryptococcus fonsecae 99 4-16 99.52
21 Rhodococcus marinonascens
1-11 99.79 4-15 99.93
9 1-13 Dietzia maris 99.86 3-6 99
4-23 99.72 4-9 100
4-14 96.57 4-10 99
1-7 97.4 2-6 100
22 Sakaguchia dacryoidea
10 3-5 Erythrobacter pelagi 97.41 3-11 99
4-5 97.34 3-12 99
4-8 97.34 3-13 100
11 4-17 Georgenia muralis 99.86 5-2 99
12 4-18 Kirrobacter mercurialis 99 3 2-3 S 100
taphylococcus warneri
2-2 98.97 2-7 o 100
13 4-2 Microbacterium lacus 99.11
3-10 98.9
B o = )= = o7 =] > = o) =] = =
Ho AtsolA B AR AEY A JA2EE ¢V 98 4 #FE 1A seed
=] = = = - = ==
Hj¢ksto] 2=l ® wjgstdth 5670 #F T seed Hi%Fol Zhe W 47709 ol o
=] = - (e}
of ZF &XolA 3 Y, 7 Y, 18 A3 wiFe Ay v 2ok
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Costvimts Fists il ot Stienculieney

Marine Genomics

jrurnel homapage: www alsoviar com/incers/margan

Cenomics technical resources
De novo assembly and annetation of the Antarctic copepod
[Tigriopus kingsejongensis) transcriptome

Hui-5u Kim * ', Be-Young Lee *', jeonghoon Han *, Young Hwan Lee *, Gi-Sik Min”,
Sanghee Kim “", jae-Seong Lee “*

Fig. 3-131. 5 A 827 RNA-seq ¥4 =i

=
Paracyclopina nana®l A5 vlgo g2 IAQ7+F A3 S uysie] 23S WY

gt} (Fig. 3-132).

Lifects of UV radiation on hatching. lpkd peroxidation. and Latty acld | Ip—-
COMPosinon in the copepod Poracycloping nona
Eam w4, Ve ~amgitson blam . LK b iwany *. Kyveng-| oo Shin

[ and Physiol Part C ii |
UV-8 radianon-induced oxidative stress and pas signaling parhway [ p—

involveme

1 the benthic copepod Tigriopas japaricus

iy W Lo . b= i Kiem . Ry -bhosm S8 . So-Lie Lo

Fig. 3-132. 27 FelAe A4 2 Qo] B 93 AF =7

g9 S AEER it 3dpsu &2 YERY F ¥ glth (Fig. 3-133).
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Fig. 3-133. @3] Ald¥ o4& =(NODC; http://www.nodc.noaa.gov/)

QU8 Al F7h ¥ o AZHw Yuk (Fig. 3-134). b o meste] F

29 £ R GRS Y Hgskel 1 wsE A 8C, Rpsu AAHIL, A
%

UV—INDEX - 50°-90° N
Southern Hemisphere 20 mreicm: 30PCE0S N
on 23.10.1995 = 30°5-30°N
midday under clear sky
UV—INDEX:
10
[a]

[eo|

o

Percentage change

-10

1960 1980 2000 2020 2040 2060 2080 2100
Year

Fig. 3-134. ¥ 549 UV-index % 7|$H¥3E welst UV WH3lo =% (Williamson CE et al.,

2014)
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(2) RNA sequencing data baseE &-&3F A% FAAF A

Proteome DBZE & X3 3 database WolA DNA replication®]tdy DNA-repair
mechanismel #HE F722]  sequenceES ARgth A7} o5 FHAAe] g
HAAE Loty {8 st 72Edd x3dH FHAAES AWse] annotationS g
o}, AEA ) that radiation® 7FF & EAH o] DNA damage$t DNA mutation® &
A d7lel DNASH A A ew #ddo] 1o, radiationdl] @3S W= DNA &4

HE FHaE dddt. 2 5 DNA &43 349 712 2 §429 o5 Qs
St (Fig. 3-135)..

g

ol

d-Jaining (NHED)

Mismuteh excision repair

+ Prime sk wcted upon

K proe
MSHI
MSHS
MILHI

Fig. 3-135. 49140 @ Qo] 2 93 A7 =F

W3k Heat shock protein (Hsp) <& Ut 2EH A Joz2REH (Y, Ad, &

A=, UV 5) AIEXE HE387] 9% molecular chaperone 7S A WA Z A Al E
7V 2EHAE W wf] AE ] @A 73 BEsks 98-S o sloE dHA I
t}. %3k Heat shock protein UVY gamma irradiationol] 23+ A¥ ] damageS <H3HA|
AT Aom dHA =, ofd #gk A7 190d ] FHHRE ARl g E I Q)
o1 in vivo ¥+ in vitro 7oA heat shock protein®] M7} W= damageE HAA
=5 =

E ATl FERA =R Ba BEHAUL ol wustel, 4 aAF T
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kingsejongensis ANA & 509 Hsp AR (HsplO, Hsp20, Hspd0, Hsp70, Hsp9)) S &+
Hal

o

=
AL A dEE WslE gk 5723 @ W potential biomarker A AFe] & ¢
Fe FAS fleted 2 AFHAAA s v A 87T Tigriopus japonicus®t
Paracyclopina nana® ZA3E vlg o=z My AR % t)dte] time-course 2

dose-response %S =3P 3hc}

e o 1 o 1 rits e e -
Comparative Biochemistry and Physiology, Pait C© T e Aguatic Toxicology
B A Si.

multiple endpain
hock protein { Hsp

Expression pattern analysis of DNA repaic-related and DNA damage response genes p
revealed by 55 K oligomicroarray upon UV-B irradiation in the intertidal copepod,
Ngriopus japonicus

gous end-joining (NHET)

Homologous recombination (HR) o .
[ —
1108 Tirm degsemciant mysttatio enprension of F i

gt LV iy tum
("

mserved DNA damage response

Fig. 3-136. S.2t7ol A e] 249]de] gt fA44 AT =5

2k a3 thekdt ditel w=F Al H total RNAE F%F 3hal, Zh7he] o)A ¥ vk
st Ao wEd o3k AEA e 5EA A9 time-course ¥ dose-response 3
S =437 93t proteome £ 2 real-time RT-PCRE 33t} o] 2 93t

2 7 A 3 s ERE total RNAS F&3t3 %9 total RNAE A%
sto] 2 1 5Y % F 1% cDNAZE superscript reverse transcriptase & 9|
23] RTE AAE & real-time RT-PCRS 33ttt HE dolgeo #4& 277
Ct ¥Ho =z 3, one-way ANOVA test9} Student’s t-testE AF&3le] TA #4&

. AT A3
(1) A4 Waho] ohE wud s 24
A1 wstel mhE WA Wsh R4S 98, obd =R B4 WWS wgow



o], FA &74F T kingsejongensisel 12 kJ/m?¢] Mol =33 (Control, 0, 6, 12,
24, 48h), Proteomics Z¥2o] Hlul AFE 8] WA, LA st S 72tFo] =
A Brket F8 71 Ue fz dE 2§ 2 wgl A9e AAEn
(Fig. 3-137).

E?:Tn};fa?;sﬁiis;izﬂ;:rjju?lﬁz].:jg GigaSCience

High-quality genome assembly of channel @

catfish, Ictalurus punctatus

Xiaohui Chen'*! qumrozbonq' ! Chao Bian™, Pao Xu*, Yugolu“ Xinxin You™, Siyong Zhang'%, Yu Huang”,

Jia I", Minghua Wang'?, Gin Qin"  aoha Zhu'?, Chao Peng’, Alex Wong?, e Zhf”, Min Wang®®

Ruobo Gu*, Junmin Xu*”, Qiong Shi**’#%" and Wenj Bian'

Fig. 3-137. 2% ¥ 23 =89 o
(2) ALl MA = ALl e Gl g SAHA

Aol w3 34548 Age AT AAE ARSI, 12 wells tissue
culture plate®] 2} welld 4 mle] <& &+ W 10vt8]E =83t 32%, 8 + 1Tl A
AEE 2 5A9FE 2AEI Y A9 =% dose: 0, 9, 12, 15, 18, 21, 24, 27
30, 33, 36 kJ/m’%E AAsAoH, FAEHATL =F 5 6A FH F FdAn A
ol AERFFE st A9 A= probitEA¥el 98 LDI0 2 LD50S

13 Dunnett’s testol]l 23l

NOED (no oberved effect dose)E AAtaldch. 1 A},

el el wEF M7V ARGFE T kingsejongensis®] AEE&o] SrolAlE AL el
g AN, FARSA HEEHE (oo JEFow Q74T Tigriopus japonicus
£ o8 vEF AFS T U 24FoNA HoAXE MRS Aol Hlal g 4
¥ T kingsejongensis?t T. japonicus®| Bldl & dosedl sl X|Ab&o] &=
AdRE FRlgomn SA A MAet= a7F7F A9 =l disf o wizkgh
AdE Fl & F AJT (Fig. 3-138).

- 184 -



100 —e— T. kingsejongensis

—0— T. japonicus

80 1

60 1

4 | Intensity : 0.5 W/m?

Survuval (%)

0 T T T T T T : ; - - »
0 9 12 15 18 21 24 27 30 33 36

UV-B dose (kJ/m2)

Fig. 3-138. 7. kingsejongensis®] A+&]A w=Zof o3k A&

(3) FAL&7 T A =Fo] WE FHx Td W
7 SA L8279 ALl ==
Ao M wmE A AHEE FA Q7R ™
ml tubedl Al 2] A 12 k]/m® =% ¥ (Control, 1, 3, 6 h)¢ samplexS 4 23}o]

total RNAES F=3}3it}.

(1}) Total RNA % % First-stand cDNA®] 34
Total RNA F%-2 Trizol (Invitrogen)< ©]-83Fo] A ZA}F manualdl Wl FE&33 S
W, AL E4E o] &35t first-strand cDNAE TSI G WA 9-8S 1541
B 42T A HF WA FHF 20 w2 ] AAFP oW, ojuf wkgHe AHAlH
RNA 2 pug, 5HX ¥ 5894 (Promega, Madison, WI, USA) 40, dANTP (ZZ 2
mM) 5ul, 10 uM dT-ACAP1
(5'CTGTGAATGCTGCGACTACGAT-A(18)-3) 2 ul, RNasin® RNase Inhibitor (40

o{o

U/ul; Promega) 0.5 pf, Moloney murine leukemia virus reverse transcriptase (200
U/ ul; Promega) 1 pl% A Z% AT}t First-strand cDNA+ GeneFishingTM PCR
= 98l 80 peel 3% FFFE AT 3, AHE HA7FA 20T Rt

(t}h) Real-time RT-PCR
Aol A w=Fo 93 antioxidant defense mechanism 2 molecualr chaperone &

A=) AW S =A317] 935te] Real-time RT-PCRE F383t9th oS 9354
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2
a3

< o7 7ZF Frd 9w A ERE total RNAS A3l o™, total RNA 2 pgg
o] 83} cDNAE 34383 th Real-time PCRS Bio-Rad CFX9 multiplex real-time
RT-PCR¥} Bio-Rad¢] MyIQ™ single color real-time RT-PCR detection system®] 4]

Tt o, SYBRY TS HAAZFO R detection 3T} Internal control 7 Af=
18S ribosomal DNAE o|&3%a, 7 Ad2 33 HbEsAY. =59 Z23=Z5H

Anova % unpaired Student’s t-testE ©]&3}o] FoAS FAMsSG T (Fig. 3-139).

e R

Fig. 3-139. Real-time RT-PCR

=

of WA= 9F % HSske Ve dotEy] flsto], EE

=
=1
A databaseE o] &3l B 49 biomarker TH FAAAS W= #AH {4

oft
p

A= L72+F T kingsejongensis®] genome DB WolA =47 1 sequenceE retrieve
d F do] FHATES FHE

Radiation®] 9]t A3 W] ROS (reactive oxygen species) A o]t} oxidative stress
Aol #ek At HZol EolA MEY o7 24 55 ol&3 ROSE FAst=
Fwol Ao diFEY A5 A= radiationo] 93] ROS7F A EHH, o]EF0]
oxidative stress& ¥ 7 antioxidant defense mechanism= f=3Hthal H 3189 O
W &3l Al radiationol] 9@ ROS7F A A o2 AE = AS 7

stoh, whebA 2 A2 FA 7R AL A stressE 7FeE $ antioxidant defense
AAES] mRNA S FRlste] AL =l 93
th 1 AR, Aoz Z9XA 12 kJ/ml w=EA1
S o], 2] oxidative stress T FHAAES WHdHo] FAhdeE AEFS HAT

(Fig. 3-140).

@ o wae o)

mechanismol] &%

52

O
ar
oxidative stress frarS 3keold}
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Fig. 3-140. AFst~Ed 2~ #d {259 mRNA Ed S 4

Heat shock proteine ©ThFdh ~Ef s YozRE (g, AYE, &, IHLIAEZ,
UV 5) AlZE H3537] 93 molecular chaperone 7]%5< A wwdzq A L7}
2EY2E BE o Ax ] gduilds 73E HEske 988 st o=

t}. T3k Heat shock proteine UVY gamma irradiation®] 2]3%+F A3 W damagesS ¢+
SIANAF= Aoz dEA =, oo ek AF7F 19909 FRERE dA7EA
Rk

damagesS #HAAZITU= AFAHRVE HESHA =S F3 HEEAT. Molecular

Qom in vivo HE in vitro 7oAl heat shock protein®] M3¥E7F W=

=)

H FH4AE 2 Heat shock protein familyS Ao = 31
o ALl 12 kJ/m?9] doseol =FAIZl H AZFAE (control, 1, 3, 6 h) mRNA]
AEHAES =43 AT A9 A 12 kJ/m*e) dosedl =EAAE wl, 2 B2 heat
shock protein (hspl0, hsp20) S A ¢stx @d Wxrt e AL dad 4 g4

(Fig. 3-141). o] A& T3] A&X w=Ze og FA7F AX o g dEo

quA7h dojd = v A Ao & 5 e

chaperone % cell stress

AE duA25EH ME g giidol} A7|3S RS
o] o] FUEASS FFT S AJT I LY AE nfgow FxQ7)

7 heat shock proteingo] =4 d3Fo dgl potential biomarker® AF-8-2 3o

22 Amd.
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0 1 3 6 ()

Hspit
Hsp2a
Hspdt
Hspi
Hsp9g

(mh) A 27790 &9l H mFof| o3 FisE s W)
O A7 A ==
A A wE Ao A FHeFE AT T oF 30 MAE AFEER o, 50
ml tubeol Al A2]A4 12 kJ/m* =% % (Control, 1, 3, 6 h)¢] sample<S 4%}&}o]
ROS ¥ 3itst a4 &4& SAH3 AT

A
&

@ ROS % Fi ¥4

i

2'7'—-dichlorodihydro— fluorescein diacetate (H2DCFDA, molecular probes, Eugene,
OR, USA) method= °]&3&t3lth o= AlEW ROS levele FH< 7 Aotsta
e kst @ 4 e 7hE BaAl Wi o ® 33 probeq! H2DCFDAZF ROS
°j3] DCF= AtstEwiA d3E& e de2lE o] &3 Wielt. Ao =& A2
A7 FE # A3} buffer (0.32mM sucrose, 20mM HEPES, 1mM MgCl2, 5mM
PMSF (pH 74)& ¥ HZE #d7]& ol&sto] AlxE st #dst =
S NS 4TAAM 208 &<k 10,000g= IR, Ae5AS FH3 96-well black
plateo] PBS(phosphate-buffered saline) buffer, Al & (QAl&2] & &) A A5H)
a8y HFFETE A0uMe] HEE FFEH(H2DCFDA)S ¥ 200ul= 2+ $ 3
TCAA 57 &<k vt 5 33] RhEAFE S8 235 4o FDOCHFE S o
7] 3% 485nm, W= 520nmolA  EFE3%7](ThermoTM  VARIOSKAN
FLASH)E °]&3te] S35tk ROS level& DCF9 d% %= el Art. ksl
84 &4 Superoxide dismutase (SOD; EC 1.11.1.9) assay kit and Glutathione
Peroxidase cellular activity assay kit (GPx; EC 1.11.1.9) (Sigma - Aldrich Co)& A}
&oto] SAHSAT Al We & awde dAstE deds FHste] Bradford %H
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o

gl FAsH e, standardi= BSA(bovine serum albumin)E AF&3FSth

(Bradford, 1976).
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b
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of g SANAALT(ROS)SE F7Het ol& Wolalr] Qg 7#ere] Tiho 4L
Z7HKim et al, 2013), 7 FE==° =F9 727 Tigriopus japonicus®] 2734k
2F] ket A #AFE= A FEAA % A& (Han et al, 2014)2] 23}
£ &3 ROSO Alx Wl &4%= JA 1 AeAxes &89 ¢ deol ¥xd
vp Qlth Aol A ol o9& wmFol oE| FA 7 7. kingsejongensis®] 243 At
2% Fgiksl Wojr)zto gl gitslas el FUEE AS 4 & du (Fig.
3-143). o9} #E A= A w=Fo o) AbstEEd sef o]E Wolstr] 9

AL G mx B FESE dow B 4

Lo
o,
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Fig. 3-143. @X42txF 4 a3t g4 34 B4

=

gt A& 3 A

h!

o)A stel] o SAZFAAY HASA TR EAAFTAAM Stress
response 2 antioxidant defense 7|#¥} ##ASt] FA7ZVF{F T kingsejongensisol A
glutathione S-—transferase family (GSTA-E1, GST-Mu3, GST-Zeta, mGST1, mGST3)
Catalase, MnSOD, CuZnSOD, glutathione reductase, glutathione peroxidase®} heat
shock proteins (hsplO, hsp20, hsp40, hsp70, hsp90)S r B 2o Ao w3 712

S BAM3Fa, o] A¥E Ed| =A] g3 A Marine Ecology Progress Serieso] =& 1

r\:l

- 190 -



KeN
=

ettt (Fig. 3-144).

Vol 361: 99-107, 2016 MARINE ECOLOGY PROGRESS SERIES

1l . Published Decembes 15
bod: 1033540/ meps 1 146 Mar Ecol Prog Ser i T

Difierent susceptibilities of the Antarctic and
temperate copepods Tigriopus kingsejongensis and
T. japonicus to ultraviolet (UV) radiation

Jeonghoon Han', Jayesh Puthumana', Min-Chul Lee', Sanghee Kim?,
Jae-Seong Lee'*

'"Department of Bislogical Sclence, College of Sclence, Sungkyunkwan University, Suwon 168414, South Korea

Division of Lile Sclences, Korea Polar Rescarch Institule, Tncheon 21990, South Korea

Fin

Fig. 3-144. =4 872t79] #Ad =29 gt 9FAT =
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A24d 7o =
B oAd =349 (1) FAYE Fd vAYE SF6796VERE 83 garAe dd= &
g4 P66<9] AL A" R (3) 52 EZ p-CY019

AL FARE 1% TR 58 9T 4oE Ak

1. FAME F Y E SF6796VERE EE 3 thAAY 9= S84 74

o FAME frf HAE SF6e796V EHE EE 3 SFFE JheHl F27F <l
6796V-53 ¢ 2 Fo tAAe Tad Ay BHL AMASAS. 1 A
6796V-532 & &7} sl vERgtew, Hell EAjshs dAlEl T
Aot Al Z (microglia) ol Al A5 #& 7|H ATE TR+

o  6796V-53 (compound 1), 6796V-552-1-2 (compound 2), 6796V-552-4
(compound 3)7} BV2 A|EoA HO-19] #HEde] #FAA3=A A A
6796V-53 (compound 1)°l4 % &JEHOE HO-1 ©¥dS AN 7=
e A

0 6796V-53 (compound 1) £ BV2 A XA HO-19] TdAE xH3le o=
ezl F9l AARRIASQ] nuclear translocation of nuclear transcription

A 7} factor-E2-related factor 2 (Nrf2)& & W= HAAA 7]l E37F A=

o 6796V-53 (compound 1) = BV2 AEdA HO-19] @de zHsts Ao
A2zl 49 AEAD FZ9U MAPK ZAE 5 p38 ©z el ¢laksloe] Hols}
= e A3

0 6796V-53 (compound 1) £ BV2 AZd|4 LPSE 23 nitrite2} PGE2 4
< @A FaA7= E3rF AS. =7 LPSE 2 iNOSSE COX-2
Sl S AAANF S

0 6796V-53 (compound 1) & 95 &3 7|H& G| Y3td g ATE
8PS WA INOS, COX-2 TS Al7l= A9 signal o lFHE=
nuclear factor kB (NF-kB) pathways & AA|st= E37F AU

0 6796V-53 (compound 1) ¢ HO-1¢] 3 &FHF BIHE &Ry Is8iA
HO9| &4 AAAR] SnPPE e Aol 6796V-53 (compound 1) o <]k
FEdF a7 == AS gt HO-19 Tdo] 6796V-53 (compound
1) o F495 Tl AAD Aoz Y3

A
ot
0
)

© 6796V-53 (compound 1) ©] Wk-$-22 microglial
NF-kBE 25 Ao =2A 3 FdF5 &4& Zdeve 7;1?3: Q‘ﬂﬁ}?ﬁﬂ,
PI3K/Akt9]- Nrf2 713<& 53 HO-1¢9 T3] g
e o dols =F A HollA EaE vAl

A
oA HO- 14 LAE gelste] HO-19 o3 FdF %““Ol Ul/‘ﬂo}ﬂﬂlj«l
22U G AZAME 28 = Ase A=

—10 oX,
4 &
ox 1o

CoPP (10 yM) - + - - - -
1 (pM) = = 125 25 5 10
HO-1 — o —

100 734 129 131 166 220

Actin

Effects of compound 1 on expression of HO-1

protein in primary microglia cells.

- 193 -



2. A o Bl a4 Pe6o] g Alwl gE

0 P66 inclusion body W &4 Al2~H F5
IPTG7} X718 A A FE P66 inclusion body(FF 140g/L)E A4tgt. 71E9
LB "iA] wj <ol A 1.2-1.4g/L A4S ZHbstd, oF 10819 AAHS7H7E o] Fo

A AL FAg

o P66 & A=w AN
Refolding®] $#E% P66 &L glass fiber membrane (¥ ™2 =0.0155m?
cut-off size=bkDa)2. 2 F53 A} Po6> °oF 91%<] IF&=E 158 FF(F
v & &4 1349 F7HElen, 10LHM 71Fo 2 oF 508 H=(9A1F £8)
o] 7hed Aer AEHUS

o P66 WAL AlE] A|<QE
HZ4 P66 inclusion body A4tgF Fth 2 35 W A, refolding® &
WA 5 YHE 75T AS THS E&3Q Pe6 thFAA A|=ElE
s

Fragon, Pe6 it g & ©UHE 3,823U0 A 838U o2 A S

—lO oX
4 &
ox 1o

A Unfolded
P66 solution

_ ,,p.
A Unfolded P66 sol'n - A Refolded P66

+ refolding reagent

A Final product
(e.g. Savinase)

P66 I A4 & At
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3. FFAEZ p-CY01Y E7NAE FARE 7% 79

e

A 1 Z8v o] AEA AF p-CY01 LMe| TARE
TS st ke E4S A

- gditxow g5 ol A (Antifreezing protein)e] SARE Z|Fo= Uizl
IRI(icecrystal growth inhibition) activitys =8¢ A3 25%(W/V)e p-CY01
LMo] A& & HAFT9 sigle ice-crystal?] Aol A== AL g2l 3

- IRI(icecrystal growth inhibition) activity= %72 Tz o] Ice-intraction 3
< o Uehdes @FoEA dubHRl AMERSY FHEIAR AEHE Hiol

o s AR JA ¥ dAelth kA p-CY01 LM 7% w-¢

P FARE V1Fe JHAAL e olEd EAo] AdTe YEFE I

g AES & Hew o4 H.

- Hydroxyethylstarch(HES) 9} 22 ZgH et 4% o|gd R/ 3 ddFs2 Az
TAAAANA extracellular membrane® ZA 33t} cell & Dehydration A1 # cell
o] #=3}A HWEH lysis7t Lolub= AS WA AU osmotic shocks ¢35}
AN71E ez ded Ao p-CY0l LMo] ol s 5L 7IA=A &t
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