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Lessonia

20000 

1 1500  [1]

 (

)  [2]

-1, 3 I -1, 3 -1, 4 II



2 
 

2

 [3]

 

[4]  

1913 Kylin

 [5]

U- F- G-

 [6, 7] U-

[8]

 

 [9]  [10, 11]  [12, 13, 14]

 [15]  [16]

 [17]  [18, 19] 

II II

II
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 [20]

 [21-

23]

 [14, 24, 25]

 (Saccharina japonica) F-

 [14]   

 (Cladosiphon okamuranus)  (Nemacystus decipines)  

(Tinocladia crassa)  (Cladosiphon umezakii) 

1970

90%  [26]

1999  [27]

2003

 [28] -1, 3 4

60% 6 1 -1, 2

 (  1-1) [27, 28] 2009

 (  1-2) [29]  
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1-1. -1 [27, 28] 

 

 1-2. -2 [29] 

(Kjellmaniella crassifolia)
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10

 ( )  

[26]

F- U-

G- 3  ( 1-3) [28, 30-

32]  

 

1-3.  [31, 32] 

 (  1-1) 

 (  1-2) 
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 1-1.  [33] 

  (g / kg ) 

 250 

 40 

 (  (

) ) 

80 

 250 

 15 

 70 

Ecklonia maxima 40 

Leossonia nigrescens 46 

Fucus vesiculosus 70 

Ascophyllum nodosum 110 

 

 1-2. 

 [26] 

 
 

 (%) 

 

 (%) 

 46.8 37.7 

 - 1.3 

 8.7 2.5 

 - 1.8 

 - < 0.5 

 - 0.5 

 16.0 33.2 

 5.7 7.2 

 77.2 84.2 
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1996

 [30]

1959 Yaphe  [34]

 Pseudomonas 2

 [34] 1967 Thanassi  Haliotus 

 ( ) 

-1, 2-L-  (Fucoidanase, 

EC 3. 2. 1. 44. )  [35] 1992 Vibrio 

5 3  [36]  

3.8 %

Flavobacterium

16SrDNA Fucobacter marina SA-0082  [37]

Lessonia nigrescens

 [37] SA-0082 Fucophilus fucoidanolyticus SI-1234 [38]

Alteromonas SN-1009 [32] 

Verrucomicrobia 

 2000  Bakunina  Cytophaga Alteromonas



8 
 

Pseudoalteromonas  [39]

 [40]

 1-3  

 1-3.  

Organism Origin of fucoidan References 

Bacteria   

Vibrio sp. No. 5 Kjellmaniella crassifolia Furukawa et al. (1992) [36] 

Pseudoalteromonas citrea 

KMM3296, KMM3298 

Fucus evanescens 

Chorda filum 
Bakunina et al. (2002) [41] 

Fucobacter marina SA-0082 K. crassifolia Sakai et al. (2002) [37] 

Fucophilus fucoidanolyticus 

SI-1234 

C. okamuranus Sakai et al. (2003) [38] 

Alteromonas sp. SN-1009 K. crassifolia Sakai et al. (2004) [32] 

Mariniflexile fucanivorans 

SW5T 

Pelvetia canaliculata Descamps et al. (2006) 

[42] 

Sphingomonas paucimobilis 

PF-1 

Undaria pinnatifida 
Kim et al. (2008) [43] 

Flavobacterium sp. F31 C. okamuranus Ohshiro et al. (2010) [44] 

Flavobacteriaceae CZ1127 Acaudina molpadioides Chang et al. (2010) [45] 

Luteolibacter algae H18 C. okamuranus  Ohshiro et al. (2012) [46] 

Formosa algae KM3553T F. evanescens Silchenko et al. (2013) [47] 

Invertebrates   

Haliotis sp. F. gardneri Thanassi and Nakada 

(1967) [35] 

Patinopecten yessoensis Nemacytus decipieus Kitamura et al. (1992) [48] 

Pecten maximus Ascophyllum nodosum Berteau et al. (2002) [49] 

Littorina kurila F. distichus Bilan et al. (2005) [50] 

Lambis sp. F. evanescens Silchenko et al. (2014) [51] 

Fungi   

Dendryphiella arenaria TM94 F. vesiculosus Wu et al. (2011) [52] 

Fusarium sp. LD8 F. vesiculosus Wu et al. (2011) [53] 
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Flavobacterium sp. F31 Luteolibacter algae H18  [44, 46]  H18

16S rRNA

1-4 Luteolibacter algae A5J-40 AB331894-1

97 Luteolibacter algae H18 16S rRNA

Mariniflexile fucanivorans SW5T (AJ628046) 70%

Fucobacter marina SA-0082 (AB057592) 71% Fucophilus fucoidanolyticus SI-1234 (AB073978)

79% Sphingomonas paucimobilis PF-1 (AM237364) 72% Alteomonos sp. SN-1009 

(AB544005) 73% Flavobacterium sp. F31 (AB544005) 71%  

[46]  

 

1-4. Luteolibacter algae H18 16S rRNA  [46] 
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 -D- C5-epimer  -L-

1-5  -D- -

1,4-  (M )  -L- -1,4-

 (G ) -D-

-L- 1,4- MG 

 [54, 55] M G G

G

 [56, 57]  

 

1-5. G , M  [57] 

(a) G  (b) M  
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 [58]

 [59] 21

Family 5, 6, 7, 14, 15, 17, 18

[60] G MG

G EC 4.2.2.11 M M

EC 4.2.2.3  

(Family 6, 15, 17)  (Family 5 7)  [61, 62] 4-

O- C-4 C-5

 [62]  

[46, 63] Furukawa

Vibrio N-5

 [63]

 [63] Furukawa Vibrio -

PAGE 3
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 [36]  

 [32, 37, 38] Alteromonas sp. SN-1009  Fucobacter 

marina SA-0082  [32, 64]

Fucophilus fucoidanolyticus SI-1234

 [38]

 

Henrissat 170,000

130  (glycoside hydrolase family; GH

)  [65]

GH 107 GH 107

 Mariniflexile fucanivorans SW5T 

FcnA  [66] fcnA

fcnA 3021 bp FcnA 1007 amino acids  [66] 

Silchenko  Formosa algae KMM3553  FFA2 

 

[67] 1-4  
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Cladosiphon okamuranus

Luteolibacter algae H18

[46]

1-4 
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Luteolibacter algae H18

 [46]

H18 DNA

H18 H18

 

8  

 1 

 

 2  Luteolibacter algae H18

H18  

 3  

 

 4  SWISS-MODEL

 

 5  Luteolibacter algae H18
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 6  

H18

 

 7   
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Luteolibacter algae H18

 
 

  

 

 [2] 

 (Cladosiphon okamuranus TOKIDA) 

 [29, 68, 69] 

-1, 3 L- L-

 C-2  D- D-

L-  C-4  

[28] 

 (  1-2) [29]  

Luteolibacter algae 

H18

 [46]  

H18

 H18 
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 (SEA ALGA-F, , , ) 

 [70] 

 

 

 Luteolibacter algae H18  

H18 0.5%  ( 2-1, 2-2, 2-

3) 2-1 5 mL H18 1%

30 100 min-1 72 h 500 mL 2 

L 2% 30 100 min-1 72 h

 

 

2-1. 0.5%  

0.5% Fucoidan Medium 

Fucoidan 5.00 g 

K2HPO4 4.00 g 

KH2PO4 0.50 g 

(NH4)2SO4 2.00 g 

MgSO4 7H2O 0.41 g 

Metal sol. 10.00 mL 

Vitamin mix. 1.00 mL 

Total 1.00 L 
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2-2. Metal solution  

Metal sol. 

NaCl 1.00 g 

CaCl2 2.00 g 

FeSO4 0.50 g 

ZnSO4 0.50 g 

MnCl2 4H2O 0.50 g 

CuSO4 0.05 g 

NaMoO4 2H2O 0.10 g 

Na2WO4 2H2O 0.05 g 

Total 1.00 L 

 

2-3. Vitamin mixture  

Vitamin mix. 

Biotin 100 mg 

Thiamin-HCl (pH 8.0) 100 mg 

Riboflavin 100 mg 

Ca-Pantothenate 100 mg 

Pyridoxal phosphate 100 mg 

Nicotinamide 100 mg 

Folic acid 100 mg 

p-Aminobenzoic acid 20 mg 

Vitamin B12 10 mg 

Lipoic acid 10 mg 

Total 1 L 

 

  (C.F.E.)  

2-2-2  (HITACHI CR21/CR20 R10A rotor 8,000 rpm

60 min 4 ) 4 20 mM Tris-HCl 

buffer (pH 8.0) Out put 3 Duty cycle 30 30 min  (BRANSON 

SONIFIER 450)  (KUBOTA 3780 AF-5004Ch rotor 8,000 rpm 60 min 4 ) 
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20 mM Tris-HCl buffer (pH 8.0)  

(C.F.E.)  

 

  

Bio-Rad 5

3 mL 60 L 15 min

 (SHIMADZU UV-1700) 595 nm

0.1 0.8 mg/mL

 [71]  

 

 SDS  (SDS-PAGE) 

SDS-PAGE (ATTO AE-6410)

12.5% Tris/glycine/SDS 1 150 V 2 

h SDS 1:1 100 3 min

SDS 50% -10%

G-250

30 -10  [72] GE 

Healthcare  

 

 F  

F (Roche Diagnostics, Mannheim, 

Germany) 

2.5 % 35 L 1 

M Tris-HCl buffer ( pH 8.0 ) 60 L  F  I 180 L ATP, CoA, 
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NAD F  Ⅱ 36 L Citrate synthase, Malate dehydrogenase F 

 Ⅲ 1.5 L Acetyl-CoA-synthetase F  Ⅳ 2.5 L

280 L 5 L 30 5 min A340

NADH  6220 

 1 unit 1 min 1 mol

340 nm

 

 DEAE-Sepharose FF  

117.5 L H18 C.F.E. ( 8622 mg) 20 mM Tris-HCl 

buffer (pH 8.0) DEAE-Sepharose FF  (  900 mL, 40×6.0 cm) 

3.0 mL/min 20 mL 20 mM Tris-HCl buffer (pH 

8.0) 0.1, 0.2, 0.3 M NaCl 20 mM Tris-HCl buffer (pH 8.0)

280 nm  

 

 Phenyl-TOYOPEARL 650M  

2.0 M (NH4)2SO4 20 mM Tris-HCl buffer (pH 8.0) DEAE-

Sepharose 0.2 M  ( 1866 mg) 

Phenyl-TOYOPEARL 650M ( 200 mL, 50×3.0 cm) 1.5 mL/min

7 mL 2.0, 1.5, 1.0, 0.5 M (NH4)2SO4

20 mM Tris-HCl buffer (pH 8.0) 280 nm 
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 Q-Sepharose FF  

20 mM Tris-HCl buffer (pH 8.0) Phenyl-TOYOPEARL 1.0 M

( 427 mg) Q-Sepharose FF  (

50 mL, 12×2.7 cm) 2.0 mL/min 3 mL

0.1, 0.2, 0.3, 0.4, 0.5 M NaCl 20 mM Tris-HCl buffer (pH 

8.0) 280 nm 

 

 

 Butyl-TOYOPEARL 650M  

2.0 M (NH4)2SO4 20 mM Tris-HCl buffer (pH 8.0) Q-Sepharose 

0.2 M ( 54 mg) Butyl-

TOYOPEARL 650M ( 6.0 mL, 30×1.0 cm) 0.3 mL/min

0.8 mL 2.0, 1.5, 1.0, 0.5 M (NH4)2SO4

20 mM Tris-HCl buffer (pH 8.0) 280 nm 

 

 

 Mono Q®
HR 10/10  

0.76 mg/mL Butyl-TOYOPEARL 1.0 M

( 1.52 mg) 20 mM Tris-HCl buffer (pH 8.0) Mono Q®HR 10/10 

(GE Healthcare) ( 8.0 mL, 10×1.0 cm) 2 mL 2 0.3 mL/min

1.15 mL 1 0~0.5 M NaCl

20 mM Tris-HCl buffer (pH 8.0) 2 0.2~0.5 M NaCl 20 mM Tris-HCl buffer 

(pH 8.0) ÄKTA 280 nm 
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 Superose 6®
HR 10/30  

Mono-Q 2 No. 37 (  0.1 mg) 20 mM Tris-

HCl buffer (pH 8.0) Superose 6 ®HR 10/30 (GE Healthcare)  ( 24 mL, 30×1.0 

cm) 0.5 mL 0.2 mL/min 1.0 mL

buffer ÄKTA 280 nm 

 

 

  Tricine SDS 

 (Tricine SDS-PAGE) 

Tricine SDS-PAGE  (ATTO, AE-6410) 

16.2%T, 6%C 10%T, 3%C 4%T, 3%C

Tris/Tricine/SDS 150 V 2 h  

60 L (70 g) 10% 

SDS 1.22 L 100 , 5 min V8 1 

mg/mL 1 L 37 , 24 h 10 L SDS

10 L 100 3 min Tricine SDS  

 

 N  

SDS-PAGE  PVDF A

 (300 mM Tris-HCl buffer (pH 7.0) 5% ) B  (25 mM Tris-HCl buffer (pH 

7.0) 5% ) C  (25 mM Tris-HCl buffer (pH 7.0) 40 mM 6-

5% ) SDS-PAGE PVDF  

(Millipore Immobilon) 100% 20~30 B

30 min 6
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A 2 B 1 C 3 10 min A 2

 (ATTO AE-6675) 

B 1

B SDS-PAGE

B C 3

C

100 mA

4 2 h

 SDS-PAGE 10 min  

SDS-PAGE  (   9 1) 

 (PPSQ-31A Protein 

Sequencer, Shimadzu)  

 

 DNA  

Luteolibacter algae H18

 DNA 0.5%

 ( 2-1) 5 mL 30 72 h 4 

12000 rpm, 5 min DNA Promega DNA Purification Kit

50 mM EDTA (pH 7.5) 480 L lytic enzyme 120 L 37 

30~60 min 15,000 rpm 2 min Nuclei lysis solution 

600 L 80 5 min RNase solution (QIAGEN) 3 L

37 15~60 min Protein precipitation solution 200 

L 5 min 15,000 rpm 3 min
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600 L 15,000 rpm 5 min

70% 600 L 15,000 rpm 2 min

15 min  Rehydration solution 100 L 65 1 

h  DNA  
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  C.F.E.  

H18 117.5 L 473 g 8622 mg  C. F. 

E.  

 

 DEAE-Sepharose FF  

C.F.E. 20 mM Tris-HCl buffer (pH 8.0) DEAE-Sepharose FF

NaCl 0.2 M 

NaCl Fraction No. 669 689  ( 2-1)  

 

2-1. DEAE-Sepharose FF  
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 Phenyl-TOYOPEARL 650M  

DEAE-Sepharose 0.2 M 2.0 M (NH4)2SO4 20 mM Tris-HCl buffer (pH 8.0) 

Phenyl-TOYOPEARL (NH4)2SO4

1.0 M (NH4)2SO4

Fraction No. 412 465  ( 2-2)  

 

 
2-2. Phenyl-TOYOPEARL  
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 Q-Sepharose FF  

Phenyl-TOYOPEARL 1.0 M 20 mM Tris-HCl buffer (pH 8.0) 

Q-Sepharose FF NaCl

0.2 M NaCl Fraction No. 602 666 

 ( 2-3)  

 

 
2-3. Q-Sepharose FF  
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 Butyl-TOYOPEARL 650M  

Q-Sepharose 0.2 M 2.0 M (NH4)2SO4 20 mM Tris-HCl buffer (pH 8.0) 

Butyl -TOYOPEARL (NH4)2SO4

1.0 M (NH4)2SO4

Fraction No. 386 420  ( 2-4)  

 

 
2-4. Butyl-TOYOPEARL  
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 Mono Q®
HR 10/10  

Butyl-TOYOPEARL 1.0 M 20 mM Tris-HCl 

buffer (pH 8.0) buffer Mono Q® HR 10/10

1 Fraction No. 

44, 45 2 Fraction No. 37  ( 2-

5, 2-6)  

 

 

2-6. Mono Q ® HR 10/10  

1  
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2-6. Mono Q ® HR 10/10  

2  
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 Superose 6®
HR 10/30  

Mono-Q 2 Fraction No. 37 Superose 6 ®HR 10/30

Fraction No. 12  ( 2-7) 

C.F.E. 81 0.07  ( 2-4) 

SDS-PAGE 2-8  

 

 

2-7. Superose 6 ® HR 10/30  
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2-4.  

Sample 
Total protein 

[mg] 

Specific activity 

[mU/mg] 

Total activity 

[mU] 

Purification 

[fold] 

Yield 

[%] 

C.F.E. 8622.00 55.2 476000 1.00 100.00 

DEAE-Sepharose 2791.00 58.9 164395 1.07 34.5000 

Phenyl-

TOYOPEARL 
411.00 144.0 59184 2.61 12.4000 

Q-Sepharose 54.20 442.0 23956 8.01 5.0300 

Butyl-

TOYOPEARL 
3.80 1076.0 4090 19.50 0.8590 

Mono-Q 0.35 4666.0 1633 84.50 0.3430 

Superose 0.07 4686.0 328 84.90 0.0689 

 

 

2-8. H18 SDS-PAGE  
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 H18 DNA  

 H18  DNA A260/A280 450 g/mL 1.8 

2-9 DNA 

 DNA  DNA  

H18  DNA 4155 kb 

in silico Molecular Cloning  

 

 

2-9. H18 DNA  
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 SDS-PAGE  PVDF 

V8

 SDS-PAGE PVDF 

V(LS)SAEPN?MAIGL LQLED(GE)?T

H18 1  ORF

 ORF  fud 

 2-10  fud 2-11 Fud 

BLAST

Rhodopirellula sallentina  Dienelactone hydrolase Singulisphaera acidiphila

acetyl xylan deacetylase  

 

 

2-10.  Fud  
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2-12. H18  (LC209227, Fud) Rhodopirellula sallentina 

 dienelactone hydrolase (WP_044303235.1, DH) Singulisphaera acidiphila  

acetyl xylan deacetylase (WP 015248495.1, AE)  

  

 G-X1-S-X2-G 3
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Fud 2

N 

V8 SDS-PAGE 

 ( 70 kDa) 

 2-10  (69,789 Da) 

 ORF 

2-11 

GHSMG

G-X1-S-X2-G in Silico Molecular Cloning Fud 

Dienelactone hydrolase fud  ORF  2-12 

 

 

 

2-12. H18 DNA fud ORF 
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 L. algae H18 

 [46]

H18 2

N

N 

 

H18 1 ORF

 

(69,789 Da) SDS-PAGE ORF

ORF fud

BLAST  2-5  

2-5. Fud BLAST  

Identity 

 (%) 
Definition Origin Accession No. 

63 Dienelactone hydrolase Rhodopirellula sallentina SM41 WP_044303235.1 

61 Dienelactone hydrolase Rhodopirellula sp. SWK7 WP_008683901 

58 Hypothetical protein Planctomyces maris DSM 8797 WP_002649590 

58 Hypothetical protein Rubritalea marina WP_033367952 

57 Hypothetical protein Verrucomicrobia bacterium WP_038143565 

56 Dienelactone hydrolase Rhodopirellula baltica SH28 EKK01579 

54 Acetyl xylan esterase Fibrisoma limi BUZ 3 WP 015248495.1 

 

BLAST fud Rhodopirellula 

sallentina SM41 dienelactone hydrolase  (63% ) 
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chlorocatechol chlorobenzoate

dienelactone dienelactone hydrolase

 [73] cis-  trans- dienelactone

dienelactone dienelactone hydrolase 

 [74]  

dienelactone hydrolase

acetyl xylan esterase ( ) 1

 ( 2-5) 

2-12 Singulisphaera acidiphila

G-X1-S-X2-G

Podospora anserina

 [75] G-X1-S-X2-G

 

L(Q)T(F)F(Y)DDPG  HTW(Y)S(AD)H 2

 [76] fud
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2

L. algae H18 

H18

 

 [29] 100 mL

 500 mg  [68, 69] 0.1%

0.05 M 

13

 [29] 

 

2
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Escherichia .coli JM109 E. coli DH5 E. coli BL21(DE3) 3-1 LB

5 mL 37 ℃ ( ) LB 5 mL 5 1%

37 ℃, 2 h  (OD660 0.4 0.5 ) 50 mL

3000 rpm 10 min TFB1 (

3-2) 2 mL 30 min 3000 rpm 10 

min TFB2 ( 3-3) 0.8 mL

100 L -80 ℃

100% -80 ℃  

 3-1. LB  

Yeast extract 5 g 

Tryptone 10 g 

NaCl 10 g 

Total 1 L 

 

 3-2. TFB1  

Potassium acetate 0.3 g 

CaCl2 0.11 g 

MnCl2 0.99 g 

RbCl 1.2 g 

Glycerol 15 mL 

Total 100 mL 

0.2 M CH3COOH pH 5.8  
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 3-3. TFB2  

PIPES 1.5 g 

CaCl2 0.42 g 

RbCl 0.06 g 

Glycerol 7.5 mL 

Total 50 mL 

6 M NaOH pH 6.5  

 

  

FastGeneTM Plasmid mini kit

 

 fud PCR Forward

CCCGCCATATGAAAATCCTCAAAATC (Nde I 

ATG ) Reverse

AACTCTGTCGACTTTGGCGATCCACCT (Sal I ) 

100 M

1 M PCR DNA 0.8% 

 

 

 PCR  

3-4 PrimeSTAR Max DNA polymerase (TaKaRa Bio.) 

TaKaRa Thermal Cycler Personal PCR H18  

DNA  450 g/ml PCR

94 ℃ 2 30  (98 ℃ 10 56 ℃ 5

72 ℃ 3 ) PCR  DNA 
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QIAGEN Gel Extraction Kit  DNA 

 

3-4. PCR  

Strain H18 DNA 5 L 

10 M Forward primer 1 L 

10 M Reverse primer 1 L 

PrimeSTAR HS 25 L 

Sterilized water 18 L 

Total 50 L 

 

  

 DNA pCold I pCold TF 3-5

37 ℃

 DNA QIAGEN Gel Extraction Kit

 

3-5.  

DNA fragment or Plasmid DNA 16 L 

Nde I (TaKaRa Bio.) 1 L 

Sal I (TaKaRa Bio.) 1 L 

H buffer 2 L 

Total 20 L 

 

  

 DNA 3-6 Ligation 

High Ver. 2 (TOYOBO) 16 ℃

10 L E. coli DH5 Ampicillin ( Amp.

) LB  
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3-6.  

Insert DNA fragment (after restriction enzyme digestion) 5 L 

Plasmid DNA (after restriction enzyme digestion) 5 L 

Ligation High Ver. 2 (TOYOBO) 10 L 

Total 20 L 

 

  

 DNA E.coli 

BL21(DE3)

100 g/mL Amp. LB

1 L 2 L TAITEC BIO-SHAKER BR-40LF 37 ℃, 

160 min-1, 5 h 5 h 15 ℃ 30 min 1 

mM IPTG TAITEC BIO-SHAKER BR-40LF 15 ℃, 160 min-1,24 h

 (KUBOTA 3780 AF-5004Ch rotor 10,000 rpm

30 min 4 ℃) 4 20 mM Tris-HCl buffer 

(pH 8.0) Out put 3 Duty cycle 30 30 min  (BRANSON SONIFIER 

450)  (KUBOTA 3780 AF-5004Ch rotor 15,000 rpm 30 min 4 ℃) 

20 mM Tris-HCl buffer (pH 8.0) C.F.E. 

C.F.E. SDS-PAGE

C.F.E. 20 

mM Tris-HCl buffer (pH 8.0)  

 

 Ni Sepharose 6 Fast Flow  

Buffer 50 mM Tris-HCl buffer (pH 7.0), 500 mM NaCl, 20 mM Imidazole

Buffer 12 L E.coli BL21(DE3)/pCold 
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TF/fud C.F.E. (  1046 mg) Buffer Ni Sepharose 6 FF

 (  25 mL, 14.7×1.2 cm) 2.5 mL/min 2 

mL Buffer Buffer 50 mM Tris-HCl buffer (pH 7.0), 500 

mM NaCl, 50 mM Imidazole 280 nm SDS-PAGE

20 mM Tris-HCl buffer (pH 7.0) 

 

 

 HRV 3C Protease  

fud pCold TF His-Tag

HRV 3C Protease (TaKaRa Bio.) 

3-7 4 ℃ 24 h

3-2-7 SDS-PAGE

 

3-7. HRV 3C Protase  

Solution containing fusion protein 5.0 mL 

10 HRV 3C Protease Cleavage Buffer 1.3 mL 

HRV 3C Protease 0.26 mL 

Sterilized water 6.44 mL 

Total 13 mL 

 

  pH  

3-2-8 11 g/ml 0.25% 100 mM buffer (pH 

8.0) 1 ml 30 ℃ 15 min 80 ℃ 5 min 2-2-6 

pH 4.5  9.0 buffer pH 6.0 

 10.0 Tris-HCl buffer  
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3-2-8 11 g/ml 0.25% 100 mM Tris-HCl 

buffer (pH 8.0) 1 ml 20 60 ℃ 15 min 80 ℃ 5 min

2-2-6  

 

  

3-2-8 30 0.25%

100 mM Tris-HCl buffer (pH 8.0)  1 ml 30 15 min 80 

5 min 2-2-6  

 

  

15,000 rpm, 10 min 10

MILLEXGV Filter Unit 0.22 m

 LC-10 Ai  CDD-

10A SP  SI-90 4E 4.0 mm x 250 mm Shodex 1.8 mM 

 + 1.7 mM  1 ml/min 

12 ppm, 30 ppm, 60 ppm  

 

  

3-2-8 11 g/ml 0.25%

0.1 mM  1 mM 100 mM Tris-HCl buffer (pH 8.0) 600 l 30 , 

16 h 80 , 5 min

NaCl KCl AgNO3 MgCl2 BaCl2 CaCl2 AlCl3 FeCl2

CuCl2 MnCl2 ZnCl2 CoCl2 NiCl2 HgCl2  
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3-2-8 11 g/ml 0.25%

0.1 mM 100 mM Tris-HCl buffer (pH 8.0) 600 l 30 , 16 h

80 , 5 min

EDTA p-Chloromercuribenzoate (PCMB) 8-Quinolinol N-Ethylmaleimide

N-Bromosuccinimide 2,2’-Bipyridine 1,10-Phenanthroline monohydrate Diethyldithiocarbamic 

acid sodium salt trihydrate 5,5’-Dithiobis (2-nitrobenzoic acid) (DTNB)  

 

  

5  

p-nitrophenyl acetate, p-nitrophenyl propionate, p-nitrophenyl butyrate, p-nitrophenyl hexanoate, 

p-nitrophenyl laurate 

3-2-8 15 g/ml 10 mM 

100 mM buffer (pH 6.0) 1 ml 30 , 30 min

410 nm

p-nitrophenol 1 U 1 min 1 m l p-

nitrophenol 100 mM 

buffer (pH 6.0) 1 mM 10 mM p-nitrophenol  (

3-1)  

 



48 
 

 
3-1. p-nitrophenol  

 

  

L. algae H18  C.F.E.  DEAE-Sepharose 0.1 M NaCl

 [46]

3-2-13 VIVASPIN (VS0102  10,000) 

10 550 g/mg DEAE-Sepharose 0.1 M NaCl

840 g/ml 0.25% 100 mM Tris-HCl buffer (pH 8.0) 

30 ℃ 60 min 80 ℃ 10 min HPLC

HPLC  

30 ℃ 60 min 80 ℃ 10 min

HPLC  

 

y = 10.915x

0

0.5

1

1.5

2

2.5

0 0.05 0.1 0.15 0.2 0.25

A 4
10

p-nitrophenol (mM)
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3-2-7  Ni-Sepharose 1.35 mg/ml 

15 ml 2.5% 40 ml 1000 mg 1.0 M Tris-

HCl Buffer (pH 8.0) 40 ml 305 ml  400 ml 

30 24 h 15 ml  24 h 

80 , 10 min 14,000 rpm, 30 min VIVASPIN

VS0102 10,000  20 ml 
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 fud PCR  

3-2-4 PCR fud 1.9 kbp

fud pCold I pCold TF Nde I Sal I pCold I 4407 

bp pCold TF 5769 bp  fud  1887 bp 

Gel Extraction Kit 15 L

 

3-2-5 pCold I fud pCold TF fud

E.coli DH5 37 

C SalI (pCold 

I EcoRI) N NdeI

 3-2 pCold I fud

fud 1887 bp pCold I 4407 bp

3-2 7 pCold TF fud

fud 1887 bp pCold TF

5769 bp 3-2 13, 14, 16 

DNA

E.coli BL21(DE3)  
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3-2.  

 

 E.coli BL21(DE3)/pCold I/fud  

E. coli BL21(DE3)/pCold I/fud 3-2-6 SDS-PAGE

3-3 
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3-3. E. coli BL21(DE3)/pCold I/fud C.F.E SDS-PAGE  

 

 E.coli BL21(DE3)/pCold TF/fud  

 pCold I 

 pCold TF 3-2-6

SDS-PAGE 3-4 2 122 kDa

 ( 70 kDa) His-Tag

 ( 52 kDa)  
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3-4. E. coli BL21(DE3)/pCold TF/fud C.F.E SDS-PAGE  

 

 E.coli BL21(DE3)/pCold TF/fud  C.F.E. 

 

E. coli BL21(DE3)/pCold TF/fud C.F.E.

3-2-12 0 h

1 h 114 mg/L  3-5

 

E. coli BL21(DE3)/pCold TF/fud  C. F. E. 

2-2-6 

340 nm

3
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3-5. E. coli BL21(DE3)/pCold TF/fud C. F. E. 

 

 

 Ni Sepharose 6 Fast Flow  (1 ) 

E. coli BL21(DE3)/pCold TF/fud 12 L C.F.E. (3834 mg-protein) 

C.F.E. (1046 mg-protein)  3-2-7 

Imidazole  buffer 20 mM Tris-HCl (pH 8.0) 

50 mM Imidazole  buffer  (Fraction No. 

127 185)  (122 kDa)
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 HRV 3C Protease Ni Sepharose 6 Fast Flow 

 (2 ) 

3-3-5 3-2-8 

HRV 3C Protease His-Tag

Ni Sepharose 6 FF His-Tag 

20 mM Imidazole  buffer 

 (Wash Fraction No. 11 18) 

 (70 kDa) SDS-PAGE 3-

6 2-2-6 C.F.E.

15 5.7  ( 3-12)  

 
3-6. E. coli BL21(DE3)/pCold TF/fud C.F.E.

SDS-PAGE  

 1. C. F. E. (20 g), 2. 1st Ni-Sepharose (5.2 g),  

3. After HRC 3C protease treatment (20 g), 4. 2nd Ni-Sepharose (1.1 g) 
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3-8. E. coli BL21(DE3)/pCold TF/fud  

Sample  

Total 

protein 

Specific 

activity 

Total 

activity 
Yield Purification 

[ mg ] [ mU/mg ] [ mU ] [ % ] [ fold ] 

C. F. E.    1046.0 30.0 31380 100.0 1.0 

1st Ni Sepharose        61.9 467.0 28907 92.1 15.5 

2nd Ni Sepharose          4.07 437.0 1779 5.7 14.6 

 

  pH  

40 3-7  pH 8.0

3-8 2-2-6  

 

3-7.  
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3-8. pH  

 

  

2-2-6 

30

100% 30 80 35 

3-9  

 

3-9.  
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 3-10

SH  3-11  

 

3-10.  

 

 

3-11.  
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BLAST

Dienelactone hydrolase acetylxylan esterase 2-5 Dienelactone hydrolase

p-nitrophenyl

 [77] p-

nitrophenyl acetate p-nitrophenyl propionate p-nitrophenyl butyrate p-nitrophenyl 

hexanoate 3-12 p-

nitrophenyl acetate

p-nitrophenyl laurate  

 

3-12.  

 

 

 

3-2-16 DEAE-Sepharose 0.1 M NaCl

3-3-6

E.coli BL21(DE3)/pCold TF/fud

3-2-16
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HPLC

 3-

13 (C)  3-

13 (B)

2  

 3-13 (E)

 3-13 (B, D)
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3-13. HPLC  

 

  

3-2-17 1 g 

1 g

15 3-2-17
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F  

( 3-14, 3-15)  

 

3-14.  

 

 

3-15.  
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2

 

pET

pCold 

3-5

pCold TF 3-4

HRV 3C Protease

 

H18 3-16

H18 
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3-16. H18  

 

 ( 3-13 (B)) 
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Formosa algae

Fucus evanescens

 [47] 
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3

p-

2 G-X1-S-X2-G

L(Q)T(F)F(Y)DDPG  HTW(Y)S(AD)H 2

 [75] 

 [76]  

2
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 DNA  

DNA 2 3  

 

  

SWISS-MODEL (http://swissmodel.expasy.org/) 

 

 

  

pCold TF C

 DNA PCR Forward

Reverse 4-1

Forward  fudF1 Nde I Reverse  fudR1

fudR6 Sal I

100 M 1 

M PCR  
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4-1.  

  

fudF1 (Forward ) CCACGGCATATGAAAATCCTCAAAATC 

fudR1 CAACACGTCGACTCAGATCTCGAAGCTACC 

fudR2 AATTAAGTCGACTCACTCCCTCGAGGCATC 

fudR3 AATTACGTCGACTCAATGCCAGAAACGCG 

fudR4 ACAGTCGACTCAATTGAAGCGATCCGTG 

fudR5 AATGTCGACTCAGACCTTGTGGGTCGC 

fudR6 ACAGTCGACTCAGCTTTCGAAGTCTGC 

Fud664-1 fudF1  fudR1 Fud664-2 fudF1  fudR2

Fud664-3 fudF1  fudR3 Fud664-4 fudF1  fudR4 Fud664-5 fudF1  fudR5

Fud664-6 fudF1  fudR6 

 

 PCR  

3-4 PrimeSTAR Max DNA polymerase (TaKaRa Bio.)

TaKaRa Thermal Cycler Dice® Touch PCR PCR 94 ℃ 2 

30  (98 10 63  ( 65 ) 5 

72 1.5 ) 

NucleoSpin® Gel and PCR Clean-up  

 

  

2 mg/ml 0.25% 100 mM Tris-HCl buffer (pH 8.0) 

400 l 30 , 24 h 80 , 5 min
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0.1 mg/ml 1 mM 100 mM Tris-HCl buffer (pH 7.0) 

1 ml 30  (p-nitrophenyl acetate 20 min p-

nitrophenyl propionate,  p-nitrophenyl butyrate, p-nitrophenyl hexanoate 60 min) 

410 nm 100 mM Tris-HCl buffer (pH 7.0) 

0.02 mM 0.2 mM p-nitrophenol  
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SWISS-MODEL (http://swissmodel.expasy.org/) 

acetyl xylan esterase cephalosporin C deacetylase

acetyl xylan esterase TM0077

 ( 4-1)  

 

4-1. SWISS-MODEL  

TM0077 acetyl xylan esterase

 [78] N

TM0077 C

TM0077
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TM0077

Ser Asp His

 ( 4-2)  

 
TM0077 ( ) 

4-2.  

Fud TM0077 4-3

 16% Fud N TM0077 3
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4-3.  (Fud) TM0077  
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 C

 

C TM0077  ( 4-3

) C

4-4 C 6

Fud-1 ~ Fud-6  

 

4-4. C  

 

4-1 4-2-4 PCR fud-1 ~ fud-6

1059 bp 1143 bp 1233 bp 1395 bp 1557 bp 1725 bp

 DNA  pCold TF NdeI SalI

E. coli DH5 37

fud-

1 fud3  4-5 fud-1 ~ fud-6 pCold TF

DNA

E.coli BL21(DE3)   
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4-5. fud-1 fud-3  

 

 

  

SDS-PAGE 4-6

91 kDa 94 kDa 98 kDa 104 kDa 110 

kDa 116 kDa  
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4-6. fud-1 fud-6 SDS-PAGE  

 

  

4-3-3

Fud-1~4 Fud-5, 6

Fud
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4-3-3

4-7 C Fud-6 Fud 

C  

 

 

4-7. Fud1 6  
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2  SWISS-MODEL

TM0077 3

TM0077 CE7 acetyl 

xylan esterase

 [78]

C 300  

TM0077 N  TM0077 16

3

TM0077

TM0077 C 

C

C

C
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Luteolibacter algae H18

 
 

  

 

 (EC  3.2.1.) 

Fucus vesiculosus 1 2- -L-

 EC  3.3.1.44.

-1 3-  -1 4-  [35] 

 

Henrissat CAZy (ww.cazy.org)  

[65, 79, 80] CAZy

 [81]

 [82] CAZy

2019

1 156  (glycoside hydrolase family; GH
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) 

1  

GH 107

 Mariniflexile fucanivorans 

SW5T FcnA (CAI47003.1) FcnA Pelvetia 

canaliculata FcnA

 [66, 83]

X NMR  [84] GH 107

FcnA Alteromonas sp. SN-1009 Fda1 (AAO00508.1) Fda2 (AAO00509.1) 

[85] Shewanella violacea DSS12T SVI_0379 (BAJ00350.1) [40] 2019 1

16  

Cladosiphon okamuranus

Luteolibacter algae H18

4 H18

H18

H18
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 Luteolibacter algae H18  (C.F.E.)  

H18 C.F.E. 2  

 

  

3-2-19 0.25% 

100 mM Tris-HCl buffer (pH 8.0)

200 l 30 24 h 85 5 min

3-2-18 HPLC

 

 

 DEAE-Sepharose FF  

42 L H18 C.F.E. (  6250 mg) 20 mM Tris-HCl buffer 

(pH 8.0) DEAE-Sepharose FF  800 mL, 40 6.0 cm

3.0 mL/min 18.5 mL 20 mM Tris-HCl buffer (pH 8.0)

0.1, 0.2 M NaCl 20 mM Tris-HCl buffer (pH 8.0) 0.1 M NaCl

20 mM Tris-HCl buffer (pH 8.0) 280 nm 0.5

 

 

 Phenyl-TOYOPEARL 650M  

2.0 M (NH4)2SO4 20 mM Tris-HCl buffer (pH 8.0) DEAE-Sepharose 0.1 M

3460 mg

2.0 M (NH4)2SO4 20 mM Tris-HCl buffer (pH 8.0) Phenyl-
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TOYOPEARL 650M 350 mL, 12.5×3.0 cm 1.5 mL/min

3 mL 2.0 M (NH4)2SO4 20 mM Tris-HCl buffer (pH 8.0) 

2.0, 1.0, 0.5 M (NH4)2SO4 20 mM Tris-HCl buffer (pH 8.0) 1.0 M 

(NH4)2SO4 280 nm 0.2 0.5 M (NH4)2SO4 

280 nm 0.05

 

 

 Resource Q  

5-2-4 0.5, 1.0 M (NH4)2SO4 Vivaspin Turbo15 (Sartorius) 20 

mM Tris-HCl buffer (pH 8.0) 

0.5 M (NH4)2SO4 4.22 mg

1.0 M (NH4)2SO4 4.21 mg 20 mM Tris-HCl buffer (pH 8.0) 

Resource Q 6 mL, 3.9×2.2 cm 0.2 mL/min

2 mL 20 mM Tris-HCl buffer (pH 8.0) 0 

M 0.15 M NaCl ÄKTA

 N

2-2-15  
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  C.F.E.  

H18 42 L 120 g 6250 mg  C. F. 

E.  

 

 DEAE-Sepharose FF  

C.F.E. (3460 mg-protein) 20 mM Tris-HCl buffer (pH 8.0) DEAE-Sepharose 

FF NaCl

0.1 M NaCl Fraction No. 420 437  (

5-1)  

 
5-1. DEAE-Sepharose FF
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 HPLC 

 

 

 Phenyl-TOYOPEARL 650M  

DEAE-Sepharose 0.1 M NaCl 2.0 M (NH4)2SO4 20 mM Tris-HCl buffer (pH 

8.0) Phenyl-TOYOPEARL (NH4)2SO4 

1.0 M (NH4)2SO4 0.5 M (NH4)2SO4

Fraction No. 157 191 Fraction No. 218 233

 ( 5-2)  

 

5-2. Phenyl-TOYOPEARL
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 Resource Q  

Phenyl-TOYOPEARL 0.5, 1.0 M (NH4)2SO4 Vivaspin spin Turbo15 

(Sartorius) 20 mM Tris-HCl buffer (pH 8.0) Resource 

Q NaCl

Fraction No. 28 35  ( 5-3, 5-4)  

 
5-3. Phenyl-TOYOPEARL 0.5 M (NH4)2SO4 Resource Q
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5-4. Phenyl-TOYOPEARL 1.0 M (NH4)2SO4 Resource Q

 

 

Resource Q SDS-PAGE 

( 5-5, 5-6) SDS-PAGE Phenyl-

TOYOPEARL 1 M (NH4)2SO4 Resource Q

SDS-PAGE 5-4, 5-

6  Phenyl-TOYOPEARL 

0.5 M (NH4)2SO4  Resource Q
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Fraction No. 30 32 100 kDa

5-3, 5-5  N  

 
5-5. Phenyl-TOYOPEARL 0.5 M (NH4)2SO4 Resource Q

SDS-PAGE  

 

 
5-6. Phenyl-TOYOPEARL 1.0 M (NH4)2SO4 Resource Q

SDS-PAGE  
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SDS-PAGE PVDF

N AEVSELMPLP

in silico Molecular Cloning

H18 N

ORF 3078 bp 112 kDa

 ( 5-7) ORF fct114 full , 

DNA fct114

fct114 full BLAST

glycosyl hydrolase [Sphingomonas sanguinis] ( 26%) 5-

1  

 
5-7. H18  

 N  
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5-1. Fct114 full BLAST  

   ( ) Accession No 

hypothetical protein Rubritalea marina 50 WP_018970822.1 

hypothetical protein Formosa agariphila 40 WP_038529980.1 

hypothetical protein Lentisphaera araneosa 39 WP_007280829.1 

hypothetical protein Parabacteroides timonensis 38 WP_075559901.1 

hypothetical protein Sunxiuqinia elliptica 34 WP_093919541.1 

hypothetical protein Rhodopirellula sallentina 32 WP_008689565.1 

glycosyl hydrolase 

  (GH family 2)  
Sphingomonas sanguinis 26 WP_058717281.1 
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 L. algae H18 

 [46]

H18 N  

4 Fucobacter marina SA-0082 [64] M. fucanivorans 

SW5 [66] Formosa algae KM3553 [47] Sphingomonas paucimobilis PF-1 [86]

KM3553 FFA2

 [67] FFA2  

(WP_057784219.1) 

KM3553

KM3553  [47, 67]

Alteromonas sp. SN-1009

 [32] H18

 

H18  KMM3553

2

H18

H18

Fct114

 100 kDa SA-0082  (67 kDa)  



90 
 

M. fucanivorans SW5 [66]  F. algae KMM3553 [67] 

fcnA (AJ877239) ffa2 3

Fda1 (AAO00508.1) Fda2 (AAO00509.1) SVI_0379 (BAJ00350.1)

DDBJ Fct114 6

N  5-8 Fct114 

GH107 5 5-8

N Fct114

Fct114 5

25% BLAST 5 1

hypothetical protein

S. sanguinis  GH 

2 glycoside hydrolase
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5-8.  L. algae H18 (Fct114) M. fucanivorans SW5 (FcnA) F. algae KMM3553 (FFA2)  

  Schewanella violacea DSS12 (SVI_0379) Alteromonas sp. SN-1009 (Fda1,  

  Fda2) N  

  Fct114  

 

ORF N

AEVSELMPLP MHPLRFPITFPKLPALGAALVLSLLAATAPLKA

SignalP 4.1 Server

5-9  
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5-9. Fct114full  
Cleavage site between pos. 33 and 34: LKA-AE D=0.831 D-cutoff=0.570 Networks=SignalP-noTM 
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5 L. 

algae H18 N

H18

fct114

M. fucanivorans SW5 FcnA F. algae 

KMM3553  FFA2 Schewanella violacea DSS12 SVI_0379 Alteromonas 

sp. SN-1009 Fda1 Fda2 6 N

Fct114 5 Fct114 

 

1-4  

Zn2+ Cu2+

pH 5

fct114
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 DNA  

DNA

3  

 

  

 fct114 PCR Forward

ATTATGCTCATATGGCGGAGGTTTCCGAGCTG (Nde I 

ATG ) Reverse

GTGAGGTAGAATTCGGGTTTTGGCTGAAGGTTG (Eco RI

) 100 M

1 M PCR  

 

 PCR  

PCR 94℃ 2

30  (98 10 68 3 ) 

QIAGEN Gel Extraction Kit

 pET-21a pCold I pCold TF Eco RI Nde I PCR
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 Ni Sepharose 6 Fast Flow  Resource Q  

Buffer 50 mM Tris-HCl buffer (pH 7.4), 500 mM NaCl, 20 mM Imidazole

Buffer 9 L  E.coli BL21(DE3)/pCold 

I/fct114 C.F.E. (  901 mg) Buffer Ni Sepharose 6 FF

 (  25 mL, 16.0 1.8 cm) 0.5 mL/min 5 

mL Buffer Buffer 50 mM Tris-HCl buffer (pH 7.0), 500 

mM NaCl, 50 mM Imidazole 280 nm SDS-PAGE

Vivaspin Turbo 15 Buffer

20 mM Tris-HCl buffer (pH 8.0) 

Resource Q 6 mL, 3.9×2.2 cm 0.2 mL/min

2 mL 20 mM Tris-HCl buffer (pH 8.0) 0 M

0.175 M NaCl ÄKTA  

 

 Somogyi-Nelson  Fct114  

3-2-19

Somogyi-Nelson  [87] Fct114

Somogyi-Nelson

 ( 6-2, 6-3) Nelson  ( 6-4)  (a) 100 L  

(b) 2.5 mL 100 L 100 L

 (100 ) 10 min Nelson  ( 6-4) 

100 L 30 min 2.5 mL MilliQ

A660 L-  6-1  
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6-2.  (a)  

15% (II)  15 g 

Total 100 mL 

 

6-3.  (b)  

 12.5 g 

 12.5 g 

 10 g 

 100 g 

Total 500 mL 

 

6-4. Nelson  

 12.5 g 

 12.5 g 

 10 g 

Total 500 mL 

 

 

6-1. Somogyi-Nelson L-  

 

 

 

 

0

0.5

1

1.5

2

2.5

0 1 2 3 4 5 6 7

A 6
60

(mM)
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6-2-4  11.7 g/ml  2% 100 

mM buffer (pH 7.4)  200 l 10 70 10 min 85

5 min 6-2-5 Fct114  

 

  

6-2-4  (11.7 g/ml) 25 60 30 min

 2% 100 mM buffer (pH 7.4)  200 l

30 10 min 85 5 min 6-2-5 Fct114

 

 

  pH  

6-2-4 11.7 g/ml 2% 100 

mM buffer 200 l 30 10 min 85 5 min 6-2-5 

Fct114 pH pH 5.0 ~ 7.3

buffer pH 7.7, pH 8.2 buffer pH 9.9 NaHCO3/NaOH buffer

pH 10.5 Na2HPO4/NaOH buffer  

 

 pH  

6-2-4  (11.7 g/ml) pH 4.5  pH 10.0 30 min

 2% 100 mM buffer (pH 7.4)  200 

l 30 10 min 85 5 min 6-2-5 

Fct114 pH  
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6-2-4 11.7 g/ml 2% 100 

mM  buffer (pH 7.4) 1 mM 200 l 30 10 min

85 , 5 min 6-2-5 

NaCl KCl AgNO3 MgCl2 BaCl2 CaCl2 AlCl3 FeCl2 CuCl2 MnCl2

ZnCl2 CoCl2 NiCl2  

 

  

6-2-4 23.4 g/ml 2% 100 

mM  buffer (pH 7.4) 1 mM 200 l 30 10 min

85 , 5 min 6-2-5 

EDTA p-Chloromercuribenzoate (PCMB) 8-Quinolinol N-Ethylmaleimide N-

Bromosuccinimide 2,2’-Bipyridine 1,10-Phenanthroline monohydrate Diethyldithiocarbamic acid 

sodium salt trihydrate 5,5’-Dithiobis (2-nitrobenzoic acid) (DTNB)  

 

  

6-2-4 177 g/ml 100 mM  buffer (pH 7.4)

 2% 200 l 30 10 min

85 , 5 min 6-2-5 

 (C. okamuranus) 

 (C. okamuranus)  (Sargassum horneri) 

 (Fucus vesiculosus)  (Undaria pinnatifida)  

(Macrocystis pyrifera)  (Kjellmaniella crassifolia)  
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(Holothuroidea sp.) 

 

 

  

6-2-4 117 g/ml 100 mM  buffer (pH 7.4)

 2% 200 l 30 10 min

85 , 5 min HPLC  

  



100 

fct114 pET-21a pCold I pCold TF

6-2-2 6-2-3 PCR fct114 3.0 kbp

fct114 pET-21a pCold I pCold TF Nde I EcoRI

pET-21a 5443 bp pCold I 4407 bp 

pCold TF 57 9 bp fct114 3078 bp 

Gel Extraction Kit 25 L buffer

fct114 pET-21a pCold I pCold TF E.coli DH5

37

C EcoRI N

NdeI 6-2 pET-21a fct114

fct114 3078 bp pET-21a

5443 bp 6-2 1

pCold I fct114

fct114 3078 bp pCold I 4407 bp

6-2 2 pCold TF

fct114 fct114 3078 bp pCold TF

5769 bp 6-2 3

pCold TF pET-21a pCold I

DNA E.coli BL21(DE3) 
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6-2.  

 M. Markers, 1. pET-21a/fct114, 2. pCold I/fct114, 3. pCold TF/fct114, 4. pET-21a. 

 

 E. coli BL21(DE3)/pET-21a/fct114 E. coli BL21(DE3)/pCold I/fct114 

 

E. coli BL21(DE3)/pET-21a/fct114 E. coli BL21(DE3)/pCold I/fct114

SDS-PAGE 6-3 

Fct114 108 kDa

 ( 5, 6) 1 3

Fct114 SDS-PAGE E.coli BL21 

(DE3)/pET-21a/fct114 C.F.E. E.coli BL21 (DE3)/pCold I/fct114 C.F.E.

Fct114

E.coli BL21 (DE3)/pCold I/fct114  
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6-3. E.coli BL21(DE3)/pET-21a/fct114 E. coli BL21(DE3)/pCold I/fct114 C.F.E  

 SDS-PAGE  

 M. Markers,  

 1. E. coli BL21(DE3)/pET-21a/fct114 cell-free extracts,  

 2. E. coli BL21(DE3)/pET-21a/fct114 insoluble fraction,  

 3. E. coli BL21(DE3)/pCold I/fct114 cell-free extracts,  

 4. E. coli BL21(DE3)/pCold I/fct114 insoluble fraction,  

 5. E. coli BL21(DE3)/pCold I/fct114 cell-free extracts, 

 6. E. coli BL21(DE3)/pCold I/fct114 insoluble fraction, 

 7. E. coli BL21(DE3)/pET-21a cell-free extracts,  

 8. E. coli BL21(DE3)/pCold I cell-free extracts 

 

 E. coli BL21(DE3)/pET-21a/fct114 E. coli BL21(DE3)/pCold I/fct114

C.F.E.  

E. coli BL21(DE3)/pET-21a/fct114 E. coli BL21(DE3)/pCold I/fct114 C.F.E.

HPLC

5-2-2 6-4 E. coli 

BL21(DE3)/pCold I/fct114 C.F.E.
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 E. coli BL21(DE3)/pET-21a/fct114 C.F.E.

 

 
Black Negative control 

Red E.coli BL21(DE3)/pET-21a/fct114 cell-free extracts 

(Including substrate) 

Blue E.coli BL21(DE3)/pCold I/fct114 cell-free extracts 

(Including substrate) 

 

6-4. E. coli BL21(DE3)/pET-21a/fct114 E. coli BL21(DE3)/pCold I/fct114 C.F.E  

 HPLC  

 

 Ni Sepharose 6 FF  

E. coli BL21(DE3)/pCold I/fct114 9 L C.F.E. (900.9 mg-protein)  6-2-4 

Imidazole  buffer 

20 mM Tris-HCl (pH 8.0) 100 mM 

Imidazole  buffer Fraction No. 1 40

 (100 kDa )  
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 Resource Q  

6-3-4 Vivaspin Turbo 15 

(Sartrius) 20 mM Tris-HCl buffer (pH 8.0) 

94.8 mg 6-2-4 Resource Q 

6-5 

 SDS-PAGE  6-6  

 

6-5. Resource Q  
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6-6. Resource Q SDS-PAGE  

 

6-6 Resource Q Ni-Sepharose

100 kDa

Fct114 SDS-PAGE

SDS-PAGE  ( 6-

7) Fct114

15 sec Resource Q Fraction No. 10~22 SDS-PAGE

 (  6-8) 

1.77 mg/mL  
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6-7. Fraction No. 15 SDS-PAGE  
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6-8. E. coli BL21(DE3)/pCold I/fct114 C.F.E.  

 SDS-PAGE  

 1. C. F. E. of E.coli BL21(DE3)/pCold I (23.5 g),  

 2. C. F. E. of E.coli BL21(DE3)/pCold I/fct114 (5.0 g),  

 3. Pooled fractions after Resource Q chromatography (1.8 g). 

 

  pH  

Fct114 40  ( 6-9)  pH 7.3 ( 6-10) 

 6-2-5  
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6-9. Fct114  

 

 

6-10. Fct114 pH  
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Fct114 6-2-5

100% 40 80

40  ( 6-11)  

 

6-11. Fct114  

 

 pH  

Fct114 pH 6-2-5

pH 7.0 100% Fct114 pH 6.0~8.5

 ( 6-12)  
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6-12. Fct114 pH  

 

  

 6-2-5  Ba2+, Ca2+, Fe2+, Al3+ 

 (  6-13) 

SH  (  6-14)  
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6-13.  

 

 

6-14.  
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Fct114

50

 ( 6-15)  

 

6-15. Fct114  

 

  

6-2-13 10 HPLC

 ( 6-16, 6-17) 

3 6-16 6-17 
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6-16. HPLC  

  ( ) 

 

 

6-17. HPLC  

( ) 
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5

 

Somogyi-Nelson

 [87] Fct114  

Fucobacter marina SA-0082  [64] M. 

fucanivorans SW5  Fcn A [66] Formosa algae KM3553  FFA2 [47, 67]

 

 [64]  [47, 66, 67] 

 

Fct114 Ba2+ Fe2+ Ca2+

Co2+ Cu2+ Mn2+ Zn2+ F. algae KMM3553 Alteromonas sp.

 [32, 47, 67] 

 

Fct114

H18
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F. algae KMM3553 [47] 

6-16, 6-17 

Fct114 

 

 (C. okamuranus)  (Sargassum horneri)  (Fucus 

vesiculosus)  (Undaria pinnatifida)  (Macrocystis pyrifera)  

(Kjellmaniella crassifolia)  (Holothuroidea sp.) 7 Fct114

F. algae KMM3553 Alteromonas sp. SN-1009
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2 Luteolibacter algae H18

3

4 5 Luteolibacter algae H18

6

Luteolibacter algae H18

Fud  Fct114 Luteolibacter algae H18

 

2 4 Luteolibacter algae H18 Fud

69,789 Da SDS-PAGE

ORF

Fud 40 pH 8.0

35 

Ag+, Cu2+, Zn2+, Ni2+, Hg2+

SH SWISS-

MODEL Asp299, His329, Ser238

Fud C  300 TM0077

C

 C

 

5 6 Luteolibacter algae H18  Fct114
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112 kDa SDS-PAGE

ORF N AEVSELMPLP

MHPLRFPITFPKLPALGAALVLSLLAATAPLKA

SignalP 4.1 Server

ORF

Fct114 40 pH 7.3 40

pH pH 7.0 100% pH 6.0 8.5

Ba2+, Ca2+, Fe2+, Al3+

Co2+ Cu2+ Mn2+ Zn2+

SH

Fct114

2

4
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