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DesZ 330	 36,530
TypeII–ClassIII Extradiol 2 ( ) 	Sphingobium sp. 

SYK-6 3-O-methylgallate (3MGA)
DesZ LigZ	LigAB	DesB

	

2,2’,3-trihydroxy-3’-methoxy-5,5’-dicarboxybiphenyl (OH-DDVA)	protocatechuate 
(PCA) gallate 	 DesZ

	LigAB DesB
	DesZ LigAB

DesB 	LigAB DesB
2  (33-66	126-136 ) 	

Extradiol
His-His-Glu 	DesZ

98 His 	Gln
Swiss-model DesZ 	DesZ

His-Gln-Glu 	DesZ

	DesZ X 	

 
DesZ 	 	

 PF-BL1A ( ) 	Native-SAD
1.85 DesZ LigAB DesB

	

C 15  (126-136 )
	

	His12-His184-Glu287 	His184
LigAB DesB His127 His124 	

	LigAB DesB
	

DesZ 	

DesZ
	DesZ 	

	 	

	 DesZ 	LigAB
DesB 	 DesZ

DesZ 	 	LigAB
His127 His195	DesB His124 His192

DesZ His184 His250 	 Ala 3MGA
	DesZ His184 His250

	LigAB



His12/His61/Glu242/Asn59	DesB His12/His59/Glu239/Asn57
DesZ His12/Gln98/Glu287/Asn96 	 Ala

3MGA 	DesZ
	

LigAB DesB
Arg26	Arg315 Ala Glu

	 3MGA  
DesZ 	 	

His184 	

LigAB/DesB His61/His59
Gln98 	 	 	

His250 3MGA
Arg26/Arg315 	 LigAB DesB

	 DesZ
His12-Gln98-Glu287 	 DesZ

 
	TypeII–ClassIII

DesZ 	Arg26	Arg315
	

	

	  a) DesZ LigZ Gln98 Asn96
	His-Gln-Glu 	b) 

DesZ Gln98 His 	DesZ Asn96
Ser  His-His-Glu

 
DesZ X

	DesZ LigZ
His-His-Glu 	His-Gln-Glu

TypeII–ClassIII  



 
 

 

 

 

 

 

 

bha Yd
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bha Yd

g KL  

2  ( )  = 

(oxidoreductase enzymes) 2 (1 )

EC 1.13.11. 

i  (mononuclear) ii) [2Fe-2S] 

Rieske iii)  i) 

Extradiol

Intradiol  (

1-1) (Costas et al., 2004 ; Frey et al., 2007)  

 

 

 
 

1-1  

Extradiol Intradiol  

(https://openi.nlm.nih.gov/imgs/512/369/2683861/PMC2683861_1756-0500-2-67-2.png ) 

A: Extadiol ring cleavage dioxygenase ; B: Intradiol ring cleavage dioxygenase. 

A Extradiol

B Intradiol
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Extradiol

Type I II (Eltis et al., 1996) Class I

Class III (Spence et al., 1996) ( 1-2)

Type I - Class I homoprotocatechuate (HPCA) 2,3-dioxygenase (HPCD) Type I - Class II

2,3-dihydroxybiphenyl 1,2-dioxygenase (BphC) Type II - Class III

protocatechuate (PCA) 4,5-dioxygenase (LigAB)  

 

 

 

 

 

1-2 Extradiol  

Extradiol Type I-II

Class I-III . Type I Extradiol Class I II

Class I Class II

Type II - Class III Extradiol Class I

II . 
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B 24 KL

Extradiol Harayama

( ) 2

(Harayama et al., 1989) Extradiol

BphC X

Sugiyama Acidovorax sp. KKS102

(Sugiyama et al., 1995) Han Burkholderia xenovorans LB400 BphC

X (Han et al., 1995) Senda Acidovorax sp. 

KKS102 BphC

(Senda et al., 1996) BphC N C 2

	 			 2

BphC 2

C 1

C BphC

2,3-dihydroxybiphenyl (2,3-DHPB)

His145 His209 Glu260 His-His-Glu

2,3-DHPB 2

Arciero EPR  (Arciero et al., 

1986) BphC Type I - Class II

His145 His209 Glu260 His-His-Glu

Type I - Class II Type I - Class I Class I

Class II Class II C

Class II

Class I Class II C

 

Type II - Class III Class I Class II

Class III

protocatechuate (PCA) 4,5-dioxygenase (LigAB)

(Sugimoto et al., 1999) Class I Class 

II LigAB 1-3

Class III Class I Class II

LigAB 	 (LigB) His12 His61 Glu242
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His-His-Glu

(LigA) LigAB

PCA PCA 2

LigAB BphC

BphC LigAB

LigAB Type II - Class III

gallate dioxygenase (DesB) Sugimoto (Sugimoto et al., 

2014) DesB LigAB ( 1-3) LigAB

(LigA) 	(LigB) DesB

1 LigA DesB

C 2 DesB LigAB

His12 His59 Glu239 His-His-Glu

DesB

(R-site)

(A-site)

( 1-4)  

 

  



 6 

 
 

 
1-3 LigAB DesB X  

LigAB, DesB cartoon . PDB , 

. .  
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1-4 DesB gallate  

(Sugimoto et al., PLoS One, 9(3), e92249, 2014 ) 

DesB gallte . DesB , gallate . 

DesB ( ) . 

gallate , A-site, DesB Asn57 R-site , 

. 

 

 

Extradiol Type I - Class II Extradiol

BphC Uragami Acidovorax sp. KKS102

BphC  (Uragami et al., 

2001) Sato BphC-

BphC- ( )  (Sato et al., 

2002) Type I - Class I homoprotocatechuate (HPCA) 

2,3-dioxygenase (HPCD)  

(Kovaleva et al., 2007, 2008 ; Lipscomb, 2008)

Sato BphC- ( )

side-on

( 1-5)  
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1-5 HPCD  

(Kovaleva et al., Nat Chem Biol., 4, 186-193, 2008 ) 

 

 

Type II - Class III Extradiol LigAB DesB

(Mizumoto , 2001; Sugimoto et al., 1999 ; 

Sugimoto et al., 2014) 2,3-dihydroxyphenylpropionate 1,2-dioxygenase (MhpB)

 (Mendel et al., 2004)

 

Extradiol

II Equatorial
Type I (HPCD/BphC) Tyr (Tyr257/ Tyr249) TypeII (LigB/DesB) His 

(His127/HIs124) Type I (HPCD/BphC) His (His200/ His194) TypeII 

(LigB/DesB) His (His195/His192) axial

Extradiol 1-6
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Extradiol

(Emerson et al., 2007)  

 
 

 
 

1-6  

(Mbughuni et al., Biochemistry, 51, 8743-8754, 2012 ) 

  



 10 

6 3 A - ( Z S E B 24 g

 (Higuchi et al., 1971)

 

Sphingobium sp. SYK-6  (Katayama et al., 1987)

 (Katayama et al., 1988 ; Masai et al., 1989 ; Noda et al., 

1990 ; Masai et al., 1991 ; Nishikawa et al., 1998 ; Masai et al., 1999 ; Peng et al., 1999 ; Hara 

et al., 2000) SYK-6

SYK-6  ( 1-7)

SYK-6 Biphenyl catabolic pathway, 

3MGA catabolic pathway PCA 4,5-cleavage pathway
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1-7 Sphingobium sp. SYK-6  

(Masai et al., Biosci. Biotechnol. Biochem., 71 (1), 1–15, 2007 ) 

Sphingobium sp. SYK-6  

 

 

SYK-6

2,2’,3-trihydroxy-3’-methoxy-5,5’-dicarboxybiphenyl (OH-DDVA) dioxygenase (LigZ)

protocatechuate (PCA) 4,5-dioxygenase (LigAB) gallate dioxygenase (DesB)

3-O-methylgallate (3MGA) dioxygenase (DesZ) 4  (Peng et al., 

1998 ; Noda et al., 1990 ; Kasai et al., 2005 ; Kasai et al., 2004) Type 

II-Class III Extradiol LigAB, DesB, DesZ

SYK-6  3MGA catabolic pathway PCA 4,5-cleavage pathway

LigAB, DesB, DesZ

 (Kasai et al., 2005) Syringate

LigAB DesB Gallate

DesZ Gallate DesZ 3MGA
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( 1-8) LigAB DesB

 (Sugimoto et al., 1999 ; Sugimoto et al., 2014)  

 

 

 
 

 1-8 Sphingobium sp. SYK-6 3MGA catabolic pathway PCA 4,5-cleavage 

pathway. 

(Kasai et al., Journal of Bacteriology, 187(15), 5067-5074, 2005 ) 

SYK-6 Vanillate Syringate . PCA

LigAB , 3MGA catabolic pathway . 3MGA LigAB, DesZ

. Gallate DesB LigAB . 

TCA . 
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5 1 . 6) 5 D . 61 e

DesZ  3MGA 2

 330  36,530 (Kasai et al., 2004) DesZ

LigAB DesB LigZ (identity) 22.2 22.5 

 46 DesZ LigAB DesB 1-1 LigZ

1-2  

 

 

 

 

 1-1 DesB, DesZ  LigAB  

(Kasai et al., Journal of Bacteriology, 187(15), 5067-5074, 2005 ) 

 

 

 

 

 1-2 LigZ  

(Kuatsjah et al., FEBS Letters, 591(7), 1001-1009, 2017 ) 

 

 

 

DesZ 3MGA LigAB PCA

DesB Gallate 1/10 DesZ

(Kasai et al., 2004) LigZ  
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SYK-6 biphenyl catabolic pathway OH-DDVA

DesZ 46

3MGA (Peng et al., 1998 ; Kasai et al., 2004 ; 

Kuatsjah et al., 2017) LigAB DesB DesZ ( 1-9)

Swiss-model DesZ ( 1-10)

LigAB DesB His127/His195 His124/His192 DesZ His184/His250

DesZ His-Gln-Glu

Extradiol

His-His-Asp/Glu

DesZ

DesZ LigAB DesB insertion

DesZ LigAB DesB LigA

DesB C (deletion ) insertion

LigAB DesB

(Sugimoto et al., 1999 ; Sugimoto et al., 2014) DesZ

insertion-deletion
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1-9 DesZ LigAB DesB  

LigAB, DesB DesZ . 

DesZ

, DesZ , DesZ insertion

.  * DesZ . DesZ

deletion LigA . 
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1-10 Swiss-model (https://swissmodel.expasy.org/) DesZ  

DesB DesZ . helix N

insertion . 

 
 

DesZ LigZ 1-11

LigZ DesZ His-Gln-Glu

LigAB DesB insertion LigAB

DesB LigA DesB C

(deletion )  
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1-11 DesZ LigZ  

, 

* DesZ LigZ . 

DesZ insertion , LigZ DesZ insertion

. 

 

 

SYK-6

DesZ LigZ

 (LigZ : biphenyl catabolic pathway)  

(DesZ : 3MGA catabolic pathway)

DesZ LigAB DesB

Extradiol
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i) 

LigAB DesB DesZ LigZ  ii) DesZ

LigZ LigAB DesB

DesZ

Type II - Class III Extradiol

X DesZ

DesZ

 

 

1 ( ) 2

3 DesZ X DesZ

DesZ DesZ

4  

 



 

 

 

 

 

 

 

  



C s

Appendix. A  

 

A6 C

DesZ DesZ

pEDZA

pEDZA  

2-1  

 

 
2-1 pEDZA plasmid map 

  

0 200 400
600

800
1000

1200
1400

1600

18
00

20
00

22
00

24
00

260
0

280
0

300032003400
3600

3800

4000

4200

4400

4600
4800

50
00

52
00

54
00

56
00

58
00

600
0 6200

lacI

de

sZ

Ampicillin

label=pBR322_origin

f1_origin
T7_terminator

AmpR_promoter

desZ-R3

T7
_p

ro
m

ot
er

de
sZ

-F
3

SphI (4908)

BglII (5097)

XbaI (5163)

NdeI (5203)
HincII (5303)

PstI (1144)

HindIII (5422)

ApaI (4172)

ScaI (905)

EcoRV (3929)

EcoRI (5868)

HincII (3873)

StuI (5901)

PvuII (2687)

PvuII (3779)

NcoI (5995)

PvuII (3686)

SacI (6067)
BamHI (6076)

PvuII (6201)
NdeI (6259)

BamHI (6297)
EcoRI (6303)

SacI (6313)
SalI (6316)

HincII (6318)
HindIII (6322)
NotI (6329)
XhoI (6337)

pEDZA
6499bp



 

 BL21(DE3)pLysS  100 µg/ml

2×YT  37°C  600 nm 0.5

1 mM IPTG

4 5,000 × g, 4 10

2 L 45 mL Buffer (50 mM Tris-HCl 

(pH 8.0) , 300 mM NaCl)

(15,000×g , 20 min , 4 )

 

DesZ

50 mM Tris-HCl (pH 8.0)  HiPrep 16/10 Q FF (GE Healthcare)

50 mM Tris-HCl (pH 8.0), 1.5 M NaCl

DesZ

50 mM Tris-HCl (pH 8), 3 M (NH4)2SO4 1:1 50 mM Tris-HCl 

(pH 8), 2 M (NH4)2SO4  RESOURCE ETH 6mL (GE Healthcare)

50 mM Tris-HCl (pH 8)

(SEC, )

Superdex200 increase 10/300(GE Healthcare) 50 mM 

Tris-HCl (pH 8), 50 mM NaCl DesZ

Nanodrop 8  280nm DesZ  

ExPASy (http://web.expasy.org) protparam

 

ε280 = 47,900 M-1cm-1 , Abs 0.1% (=1 g/L) 1.311 
 

SDS-PAGE ImageJ (Rasband, W.S., ImageJ, U. S. 

National Institutes of Health, Bethesda, Maryland, USA, http://imagej.nih.gov/ij/, 1997-2016.)

 

 

r 3

DesZ

N SDS−PAGE



 

 

N  Blotting (semi-dry) 

Buffer 2-1  

 

2-1 N Blotting (semi-dry) Buffer  

 

Blotting buffer A 

 

Tris : 3.63 g ( f. 300 mM ) 

Methanol : 5 mL ( f. 5% ) 

 : 95 mL 

Blotting buffer B 

 

Tris : 0.3 g ( f. 25 mM ) 

Methanol : 5 mL ( f. 5% ) 

 : 95 mL 

Blotting buffer C 

 

Tris : 0.3 g ( f. 25 mM ) 

6-  : 0.52 g ( f. 40 mM ) 

Methanol : 5 mL ( f. 5% ) 

 : 95 mL 

 

 

↓  100% Methanol 20-30 sec.  

↓  B 30  

 

SDS-PAGE  

↓  A 2 B 1 C 3  

↓  A 2  

↓  B 1  

↓  B  

↓  SDS-PAGE B  

↓  C 3  

↓   

↓  C  



 

↓   

↓  153 mA , 30 min (25V ) * 2 mA/1 cm2 

 

↓  CBB  : ~5 min 

↓  70% Ethanol  

↓   

↓ 

 

 

C 40. 2-14 i

DesZ SEC-MALS

 

 

 

Retention volume DesZ

Bovine Serum Albumin(BSA,  66,000) Carbonic 

anhydrase(  29,000) Cytochrom C(  12,400) Superdex200 

increase 10/300 Buffer : 50 mM Tris-HCl (pH8.0),  : 0.75 ml/min

DesZ  

 

SEC-MALS  

SEC-MALS

 

 

 

↓  MilliQ : 0.5 m/min 2 (CV)( 0.1 ml/min) 

↓  Buffer : 0.5 m/min 2 CV(40 ) 

↓   

RI detector(Shodex) LS detector(HELEOS II)  



ASTRA 6  

 

 

↓  Load ( )  

↓  ASTRA 6 validate button run experiment

 

↓  30-40 µL Load Inject

 

 

 

↓  SEC A280  

↓  Procedures ”Baseline” Base line apply & OK  

↓  Procedures ”Peaks” Peak ”Autofind Peaks”  

↓  Procedures ”Molar Mass & Radius from LS” Enabled Detector

LS No. OK  

Result ”Report summary” Mw  

 

( l

( l A6

DesZ Amicon® Ultra 4(10,000 MWCO)

0 1 5,000 × g , 4 , 10

10-15 mg/ml

DesZ  Nanodrop ND-1000 

Spectrophotometer 0 8  280nm DesZ

 ExPASy (http://web.expasy.org) protparam

 

ε280 = 47,900 M-1cm-1 , Abs 0.1% (=1 g/L) 1.311 
DesZ

30



8 4 07 5 4 8
DesZ 9 86

8 -80 DesZ

 

 

( A6 l c E l

10-15 mg/mL 8 DesZ 0
0 20

8 0
2 0

8 9 4 07
8 3 0  Crystal Screen, Crystal Screen 

2, Index (HAMPTON RESEARCH) The PEGs II Suite, The Protein Complex Suite 

(QIAGEN) Wizard Classic 1&2 (Emerald BioSystems) 

0 Detergent screen Additive screen 

(HAMPTON RESEARCH) 8 8
0 0

8 1 8
8 8 9

0  

 

) d

DesZ XDS (Kabsch, 2010) CCP4 program suite (Winn et al., 

2011) AIMLESS (Evans et al., 2013)

AIMLESS Aimless Resolution estimate

Phyre2 (Protein Homology/analogY Recognition Engine V 2.0 ; 

http://www.sbg.bio.ic.ac.uk/phyre2) DesB Chain B (PDB: 3WRB)

LigB Chain B (PDB: 1B4U)

DesZ

SAD  ( )

Native-SAD

PHENIX (Adams et al., 2010) phaserMR 



(McCoy et al., 2007) SAD Native-SAD PHENIX AutoSol (Terwilliger et al., 

2009) AutoBuild (Terwilliger et al., 2008) 8  

 

l

DesZ

2.6 DesZ

PHENIX phaserMR PHENIX

phenix.refine (Afonine et al., 2012) 0
2mFo-DFc map 1.2σ mFo-DFc map 3.5σ

 i) 

  ii) alternative 50% 

  iii) mFo-DFc map 3.5σ

DesZ ( ) PHENIX MolProbity (Lovell 

et al., 2003)  

 

A6 a N i

5 N M L N i

DesZ XAFS (X-ray Absorption Fine Structure)

DesZ Extradiol

X MCA (Multi Channel Analyzer)

DesZ

X

XAFS  

 

i X u A6 a N i

2-2 X 3.08	

3.08	

3.0 3.3	



3.0	 3.3	 DANO ( anomalous difference = |F (+) – F (-)| )

|F3.0	(+) – F3.0	(-)| - | F3.3	(+) – F3.3	(-)| 3.0	

Photon Factory (

) PF BL-1A DesZ

3.0 3.3	

XDS AIMLESS

phaserMR 2.6 DesZ

AIMLESS Aimless Resolution estimate

phenix.refine 0

CCP4 program suite CAD Scaleit (Howell et al., 1992) FFT (Read et al., 

1988) 2-3  

 

 

 
(http://skuld.bmsc.washington.edu/scatter/AS_form.html ) 

 

2-2 K  

 



 

 

2-3  

 

 



A6 h

DesZ DesZ-

DesZ

(Kuatsjah et al., 2017)

DesZ

i)   ii) 

  iii) -  

600 nm

( 2-4)  

  



 

 

 

2-4  (NeoFox)  

600 nm

. , . 

450 nm 600 nm , 

. . 

.

http://oceanoptics.com/measurementtechnique/oxygen-sensing/ , . 

 

 

A6

DesZ 2.2  (

) DesZ Amicon® Ultra 4 (10,000 MWCO) 6 mg/mL

 (4 mM 

, 2 mM (II), 100 mM Tris-HCl (pH 7.5))

2 DesZ

(PD-10)



 

100 mM Tris-HCl (pH 7) DesZ

-80

-80

DesZ

 

 

m a

20 4

pH Kasai (2004) pH pH 7.0

1

2-5  

 

1.   (  100 mM Tris-HCl (pH 7) )

 ( ). 

2.  DesZ . 

3.  1.7 mL

 ( 2-4 ①). 

4.  100 mM Tris-HCl (pH 7) 3

20 µL

2 µL

 (

2-4 ②,③)  

5.  

 

6.  

 ( 2-4 ④)  

7.  Bradford

DesZ

20µL 100 mM Tris-HCl (pH 7)

(



) 4  (µmol)

 (mg)  (1U = 1 µmol O2/min)/mg protein  

(Appendix. C)  

 

 

 

 
 

2-5 DesZ  

 

 

A6 e h

A6 e Z

pEDZA

PCR desZ

pEDZA DpnI DH5α

 

  



PCR  

PCR  ( PfuUltra High-Fidelity DNA polymerase AD) 

Components Volume Final conc. 

10×PCR Buffer for PfuUltra 5 µL 1× 

2 mM dNTPs 5 µL 0.2 mM each 

primer (5 µM each) 1 µL 0.1 µM 

 1 µL 0.1 µM 

template ( pEDZA: 70 ng / µL) 1 µL 70 ng/50 µL 

PfuUltra (2.5U/ µL) 1 µL 2.5U/ 50 µL 

DW   to 50 µL  

↓ 

 

↓ 

95 , 2 min 

95 , 30 sec 

50 , 1 min 

68 , 5 min  

68 , 10 min 

10 , ∞ 

 

 

pEDZA  

Components Volume 

PCR  50 µL 

 DpnI 1 µL 

 51 µL 

37 1  

 

 

 

↓   10 µL (DH5α) 100 µL  

↓   20  

20 cycles 



↓  42  , 40  

↓  2×YT 300 µL 37 1   

↓  Ampicillin ( 100µg / mL) LB 37  

 

 

 

Ampicillin ( 100 µg/ mL)

2×YT 37 5,000×g, 10 , 4

QIAprep® Spin Miniprep Kit

Nanodrop ND-1000 Spectrophotometer

260 nm DNA 1 cm 260 nm 1.0 50 

µg/mL  

 

Insertion sequence  

Insertion DNA

 

 

A6 e E

DesZ

2.2 DesZ

 

 

. 8 8 7 9 8 A  A6 C D e

DesZ

CD 0.065 mM Tris-HCl (pH 

8.0), 0.065 mM NaCl 0.2 mg/mL ( )

20 195 nm – 260 nm

Bradford

J-820

JWSSE-480

0.2 mg/mL BSA  

 



A6 e

2.9.1  

 

( m a E h

2.9  

 

A6 oe

oe l

DesZ 2.2 2.5

DesZ DesZ

0.1M Tris-HCl (pH8.5) , 0.15M CaCl2 , 15% PEG8000 , 7 mM HEGA®-10

DesZ 1 1

2-6  

 

 

 

 

 

2-6  

 

 



S E

2.11.1 XDS AIMLESS

phaserMR 

AIMLESS Aimless Resolution estimate

2.7 DesZ DesZ

mFo-DFc map

 

 



 

 

 

 

 

 

 

  



231 7

 231 7 4

DesZ

DesZ

 (Kuatsjah et al., 2017)

 (His-tag( GST-tag) 

)

pEDZA DesZ

3 1 DesZ

ProtParam http://web.expasy.org /protparam 4.65 pH

Buffer

Sepharose Q FF (GE Healthcare)

2

RESOURCE ETH (GE Healthcare)

94

DesZ (

3-1-1 3-1-1 Purification Table  

 

 



 
 

3-1-  DesZ  

 

( )

. SDS-PAGE DesZ . 3

94 DesZ . SDS-PAGE

( . 

 

 

 

 

 

 



3-1-1 Purification Table 

 

Fraction 
Total protein (mg) 

/ L medium 
Yield (%) Purity (%) DesZ (mg) 

Crude extract 1,100 100 - - 

HiPrep Q FF 210 20 21 197.4 

RESOURCE ETH 87 8.2 33 81.8 

Superdex 200 Increase 37 3.4 94 34.8 

,  1L . DesZ

SDS-PAGE )  Image J . 

 

 

 X7 . s

DesZ

N 3-1-2  

N ) 7 N

“AEIV GI”( ) DesZ “AEIVLGI”

1 DesZ

 

 

 



 

 
 

3-1-2 N  

 

 

 A 4 - 6

DesZ ( SEC-MALS

3-1-3(  3-1-4  

) DesZ

52,400 SEC-MALS 78,730

DesZ 36,500 ) DesZ

2  

 



 

 

3-1-3 DesZ  

DesZ . 

) . DesZ )

DesZ 52.400 . 

 

  



 

 
 

3-1-4 SEC-MALS DesZ  

( UV , , 

). ) DesZ Mn Mw 78,570 Da ± 

1.845% 78,730 Da ± 2.046% .  

 

 

 5 7

 (PXS) (Hiraki et 

al., 2006) DesZ 10.58 

mg/mL 30 )  

DesZ )

 (Kuatsjah et 

al., 2017)

 (Senda et al., 2007) DesZ 13.55 mg/mL 

 

Index( Wizard classics 1, 2 DesZ 2 µL : 2 µL

) 1 Wizard II-28  (20% PEG8000, 0.1M 



MES/NaOH pH6.0, 0.2M Ca acetate) 0.1mm 

3-1-5  

 
 

3-1-5 Wizard II-28 (20% PEG8000, 0.1M MES/NaOH pH6.0, 0.2M Ca acetate) 

. 0.1 mm . 

 

 

PEGsII #36 (20% PEG8000, 0.1M Tris-HCl pH8.5, 0.2M CaCl2) 

3-1-6  

 

 

 
 

3-1-6 PEGsII #36 (20% PEG8000, 0.1M Tris-HCl pH8.5, 0.2M CaCl2)  

 

 

 PEGsII #36 (20% PEG8000, 0.1M Tris-HCl pH8.5, 0.2M CaCl2) 

16% PEG8000, 0.1M 

Tris-HCl pH8.5, 0.2 M CaCl2 , (+)



( Photon Factory PF-AR NE3A X

3-1-7  

  
 

3-1-7 16% PEG8000, 0.1M Tris-HCl pH8.5, 0.2 M CaCl2 , (+)

( ) ( ( ). 

 

 

2.2

phaserMR

) DesB Chain B (PDB: 3WRB) LigB Chain B (PDB: 

1B4U) )

 

   0.1M Tris-HCl (pH8.5), 0.15M CaCl2 , 15% PEG8000 

Additive 

screen( Detergent screen screen

1/10 DesZ 1:1

1 0 53247 )

Photon Factory BL-1A

3-1-2 3-1-3

 

   0.1M Tris-HCl (pH8.5), 0.15M CaCl2, 15% PEG8000 + 0.2 M Sodium chloride 

   0.1M Tris-HCl (pH8.5), 0.15M CaCl2, 15% PEG8000 + 0.1% ANAPOE®-X-405 

   0.1M Tris-HCl (pH8.5), 0.15M CaCl2, 15% PEG8000 + 7 mM HEGA®-10 



   0.1M Tris-HCl (pH8.5), 0.15M CaCl2, 15% PEG8000 + 10 mM Betaine hydrochloride 

 

 

3-1-2 DesZ (  

 

Additive Sodium 

chloride 

ANAPOE®-

X-405 
HEGA®-10 

Betaine 

hydrochloride 

Light source Photon Factory BL-1A 

Wavelength (Å) 1.9 

Temperature (K) 95 

Detector EIGER 4M 

Crystal-detector distance (mm) 103.800 

Rotation range/ image  (°) 0.5 

Total rotation range  (°) 0-350 0-200 0-300 0-275 

Exposure time/ image (s) 1 

Transmittance (%) 100 

 

  



3-1-3 DesZ (  

 

Additive Sodium 

chloride 

ANAPOE®-X

-405 
HEGA®-10 

Betaine 

hydrochloride 

Space group P21 P21 P65 P21 

Unit-cell parameters     

a , b , c   ( ) 128.63 , 

53.42 , 

129.23 

128.26 , 

53.38 , 

129.35 

184.10 , 

184.10 , 

53.56 

128.53 , 

53.55 , 

129.00 

α , β , γ   (°) 90 , 

115.17 , 

90 

90 , 

115.15 , 

90 

90 , 

90 , 

120 

90 , 

115.19 , 

90 

No. of subunits / asym. unit 4 4 2 4 

Resolution ( ) 69.11 - 2.53 69.06 - 2.53 92.05 - 2.52 69.01 - 2.52 

Outer Shell ( ) (2.62 - 2.53) (2.61 - 2.53) (2.62 - 2.52) (2.62 - 2.52) 

R-merge 0.119 (0.315) 0.050 (0.095) 0.096 (0.552) 0.099 (0.434) 

R-pim 0.081 (0.315) 0.025 (0.080) 0.024 (0.271) 0.053 (0.350) 

I/σ(I) 7.6 (1.6) 23.0 (5.9) 27.6 (2.8) 13.0 (1.6) 

Completeness (%) 83.2 (28.2) 83.2 (29.7) 87.1 (42.5) 82.0 (29.1) 

No. of observed reflections 131,003 

(1,695) 

212,809 

(2,428) 

502,769 

(7,234) 

194,062 

(2,711) 

No. of unique reflections 44,785 

(1,442) 

44,774 

(1,514) 

30,843 

(1,648) 

44,461 

(1,599) 

Multiplicity 2.9 (1.2) 4.8 (1.6) 16.3 (4.4) 4.4 (1.7) 

Mosaicity 0.25 0.19 0.15 0.18 

AIMLESS Aimless Resolution estimate . 

      ( )  

 

  



0.1M Tris-HCl (pH8.5), 0.15M 

CaCl2, 15% PEG8000 + 7 mM HEGA®-10  ( 3-1-8)

(

)  (P21→ P65 ; 

3-1-3 ) )  (

3-1.5.2 )  

 

 

 

 

3-1-8 0.1M Tris-HCl (pH8.5), 0.15M CaCl2 , 15% PEG8000 + 7 mM HEGA®-10

 

 

 

 SeN 7

  DL 7

Native-SAD 1.9  

Photon Factory BL-1A

3-1-4  

 

  



3-1-4 DesZ (  

Light source PF BL-1A 

Wavelength (Å) 1.9 

Temperature (K) 95 

Detector EIGER 4M 

Crystal-detector distance (mm) 103.8 

Rotation range per image (°) 0.5 

Total rotation range (°) 0-325 

Exposure time per image (s) 1.0 

Transmittance (%) 100 

 

3-1-5 DesZ (  

Space group P65 

Wavelength (Å) 1.9 

Unit-cell parameters ( ) a =184.1, b = 184.1, c = 53.56 

 
α = β = 90.0°, γ =120° 

No. of subunits / asymmetric unit 2 

Matthews coefficient (A3/Da) 3.53 

Solvent content [%] 65.16 

Resolution ( ) 92.05 - 2.52 

Outer Shell ( ) (2.62 - 2.52) 

R-merge 0.096 (0.552) 

R-pim 0.024 (0.271) 

I/σ(I) 27.6 (2.8) 

Completeness (%) 87.1 (42.5) 

Number of observed reflections 502,769 (7,234) 

Number of unique reflections 30,843 (1,648) 

Multiplicity 16.3 (4.4) 

Mosaicity 0.15 

AIMLESS Aimless Resolution estimate . 

      ( )  

 



  SeN 7 5 D

DesZ ) X 3-1-9  XDS

AIMLESS 3-1-5 phaserMR 

Phyre2 DesB Chain B (PDB: 3WRB) LigB

Chain B (PDB: 1B4U) 

) )

SAD )

MCA X )

Native-SAD

1.9 PHENIX AutoSol AutoBuild

) 3-1-10

96 %  (640/660 ) DesZ

Matthews  (Matthews, 1968)

) (

3-1-5  

 
3-1-9 DesZ )  

Photon Factory BL-1A DesZ . 

 3.0 . 

  



 

 

3-1-10 PHENIX AutoSol  (2.0σ) 

 

 

 
3-1-11 PHENIX AutoBuild  (2.0σ) 

AutoBuild , R-work/free = 0.1937/0.2372, Residues :640/660 DesZ .  

  



 

DesZ )

(6 3-1-6) phenix.refine 1.85 Rwork = 0.1412, 

Rfree = 0.1640, Rms daviations : Bond lengths = 0.006 , Bond angles = 0.761 deg. 

(

3-1-6 3-1-7 MolProbity

Ramachandran analysis )

 3-1-12) DesZ  3-1-13

 

DesZ 3-2  

  



3-1-6 DesZ (  ( ) 

 

Data collection  

Light source PF BL-17A 

Wavelength (Å) 0.98 

Temperature (K) 95 

Detector PILATUS3 S 6M 

Crystal-detector distance (mm) 368.475 

Rotation range per image (°) 0.5 

Total rotation range (°) 0-300 

Exposure time per image (s) 1.0 

Transmittance (%) 100 

Resolution ( ) 45.99 - 1.85 (1.88 - 1.85) 

Space group P65 

Unit-cell parameters ( ) a =182.98, b = 182.98, c = 53.21 

                 (°) α = β = 90.0, γ =120 

Number of subunits / asymmetric unit 2 

R-merge 0.093 (0.711) 

R-pim 0.023 (0.184) 

I/σ(I) 26.8 (4.8) 

Completeness (%) 98.7 (96.5) 

Number of observed reflections 1,453,033 (69,004) 

Number of unique reflections 86,140 (4,429) 

Multiplicity 16.9 (15.6) 

      ( ) . 

  



 

 

3-1-7 DesZ  

 

Refinement  

Resolution ( ) 45.99-1.85 

Rwork / Rfree 0.1412 / 0.1640 

 Number of atoms 10,775 

   Protein 656 

   Ligand/ion - / 4 ( ) 

   Water 740 

 Rms daviations  

   Bond lengths ( ) 0.006 

   Bond angles (deg.) 0.761 

 Ramachandran (%)  

   favored 97.5 

   outliers 0 

B-factors ( 2)  

  Protein 23.91 

  Ligand/ion - / 18.96 

  Water 37.02 

 

  



 

 
 

3-1-12 MolProbity DesZ Ramachandran Plot 

Ramachandran analysis )

. 

 

 

 



 
 

 

 

 

3-1-13 DesZ X  

DesZ 2 A chain , B chain . Chain 

A .  ( ) . 

. 
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DesZ

DesZ MCA )

3-1.6 DesZ (

 ( 3-1-14)  

 

 
3-1-14 DesZ  (5σ) 

DesZ ( 2mFo-DFc map (

mesh) ( mFo-DFc map ( mesh). map 5.0σ . 

 

) DesZ

) CheckMyMetal (http://www.csgid.org/csgid/metal_sites#home-anchor ; Zheng et 

al., 2017)  ( 3-1-15)

LigAB (1BOU) ( DesB (3WR8) LigAB(

DesB ( 2.1 Fe-O(

Fe-N (  (2.0-2.4 ) (

DesZ ( 2.6 Fe-O

( Fe-N ) (

CA-O

 (2.2-2.8 )

100



(

 (

3-1-8)  

 

 

 
 

3-1-15 CheckMyMetal  

DesZ, DesB (3WR8) ( LigAB( 1BOU) CheckMyMetal . DesZ

( , 

. 



3-1-8  

 

Fe2+	

chain A 14.90 22.00 

chain B 18.00 27.58 

His12 
chain A 13.70 (1.2) 14.80 (7.2) 

chain B 16.13 (1.87) 17.51 (10.07) 

Gln98 
chain A 34.60 (19.7) 38.79 (16.79) 

chain B 30.30 (12.3) 31.24 (3.66) 

Glu287 
chain A 13.83 (1.07) 14.01 (7.99) 

chain B 17.73 (0.27) 18.08 (9.5) 

His184 
chain A 14.30 (0.6) 12.84 (9.16) 

chain B 19.94 (1.94) 18.49 (9.09) 

DesZ (  ( ). 

, 100 . 

( ) chain

. 

 

 

  6 E C 6 7

Photon Factory BL-17A ( MCA

X X )

( ) X

MCA

3-1-16 Photon Factory BL-17A ( MCA

( X

(

 

  



 

 
 

 

3-1-16 DesZ MCA  

Photon Factory BL-17A ( DesZ MCA X . 

. positive control MCA

AusE  (Mn positive) X . 

DesZ X ) . 

 

 

  L Z7 6 231 M7 7

DesZ ( 3.0 3.3

3.0  - 3.3

3-1-17 DesZ 3-1-18

 



 

( DesZ 3-2  

 

 

 

3-1-17 DesZ (  (5σ) 

3.0  ( ), 3.3  ( )

3.0 - 3.3  ( )  ( )

 ( ) . 3.0 ( 3.3 ( DANO 

( anomalous difference = |F (+) – F (-)| ) 3.0 )

, 3.0 - 3.3

3.0 ( 3.3 ( DANO , | F3.0 (+) – F3.0 (-)| - | F3.3 (+) – F3.3 (-)| 3.0

) . 

DesZ cartoon (

. 5σ

. 3.0 - 3.3 (

. 

 



 

 

3-1-18 DesZ  

 (5σ) DesZ . DesZ (2 )

. DesZ ( , 

. 

 

 

K 3.0-3.3 ( 20)

( 19 K : 3.44 ) 3.3

3.0  - 3.3

) ( 21

K : 2.76 ) 3.0

 

) DesZ

 



 - 2B

 - 2

X DesZ 14 α 10 β

3-2-1

DesZ insertion 3-2-2  

  



 
 

 
 

3-2-1 DesZ  

DesZ 14 α 11 β . 

. ( ) .  Pro-origami 

(http://munk.csse.unimelb.edu.au/pro-origami/; Stivala et al., 2011) DesZ α , β

. DesZ cylinder α , β

. 

 



 

 

 
 

3-2-2 DesZ insertion  

DesZ, DesB LigB DesZ insertion, deletion . 

DesZ  (A chain) cartoon . DesZ , 

insertion . 

. DesZ helix N  (31-66 : 31 ), 

helix C  (126-136 : 10 ) insertion . 

  



 - 2 1. A

DesZ PISA server 

(http://www.ebi.ac.uk/msd-srv/prot_int/cgi-bin/piserver ; Krissinel et al., 2007) 

Chain Structure Analysis Interfaces

3-2-1  

 

 

3-2-1 DesZ Chain  

 

 Surface area (	2) interface area (	2) 

Chain B × Chain A 13,348 × 13,810 1,302.2 

Chain A × Chain A' 13,810 × 13,810 643.4 

Chain B × Chain A' 13,348 × 13,810 616.3 

Chain B × Chain B' 13,348 × 13,348 129.6 

Chain A × Chain A' 13,810 × 13,810 119.2 

PISA server Structure Analysis Interfaces . ( 	2). Chain A', ChainB'

Chain . 

 

 

DesZ 2 Chain B×A

2 LigAB

DesB Chain B×A 2 2

DesZ 2 Chain A Chain B 2

3.1-3 DesZ DesZ 2

Chain A Chain B β4 β7 (R105, L106, 

V107, P108, A109 ; V171, A172, A173, M174, K175, A176) 

Chain A D170 Chain B R219

Chain A R219 Chain B D170

 ( 3-2-3) 1,302.2	2  

 



 
 

3-2-3 DesZ 2  

DesZ 2 β4 β7 , Van der Waals

2 . 2 DesZ , 

. sphere . 

D170 R219 . 

(	) . 

 

 

DesZ  α5, 

α4, α3 ( D53-A70 : DQNFAAQITPEAMTAHNA ) 

DesZ 1 1

Q54 D309  ( 3-2-4)  

 

 

 



 
 

 3-2-4 DesZ  

DesZ 2 2  (Chain A :  , Chain B : ) 

( ) , DesZ (  P65 )

.  (D53-A70 : DQNFAAQITPEAMTAHNA ) . 

  



 - , - 2 D

 - , - 2

DesZ LigAB, DesB

3-2-5  

 

 

 

 

 

3-2-5 DesZ , LigAB DesB  

DesZ LigAB, DesB . cartoon, 

, sphere

. 



 

3-2-6  

 

 

 
 

3-2-6 DesZ , LigAB DesB  

LigAB (1BOU) LigA (Chain C) LigB (Chain B) , DesB (3WR8) Chain A , DesZ Chain 

A , insertion . sphere .  

PyMOL Align CCP4 SuperPose (Krissinel et al., 2004)

 (Secondly Structure Matching/SSM) . DesZ LigB DesB

2.3	 (C : 502) 2.0	 (C : 505) . 

 

 

DesZ LigB DesB

DesZ

2  (deletion ) 

insertion ( 3-2-7)  

 

 



 

 

 

3-2-7 DesZ , LigAB DesB  (2) 

 

DesZ , LigAB (1BOU) , DesB (3WR8) . , 

sphere . cartoon ( DesZ insertion  

( : 31-66 126-136), DesB 286-418 C , LigAB LigA ). 

 

 

 

 - - . 3 , 2 2 D

3-2-8 DesZ DesB LigAB DesZ

DesB LigAB

3-1.7 CheckMyMetal

DesZ

DesZ Q98



DesZ

 

 

 

 
 

3-2-8 DesZ , DesB LigAB  

, 

 (	) . DesZ 2.5	 DesB LigAB

2.1	 , DesZ . DesZ 0.14	 . 

 



.

DesZ DesZ-

	 

 

 . 1 D 3 . P

DesZ

DesZ DesZ 3MGA

	 ( )

100 mM Tris-HCl (pH 7)

DesZ 100 mM Tris-HCl 

(pH 7) 2  20 µL 

	  (mg)

 (1U = 1 µmol O2/min)/mg protein 	 3-3-1

	 

 

 

3-3-1 DesZ DesZ  

 

[1] , Bradford

. 4 , 

± . n.d. . 

 
  

(µmol) 

U /mg protein 

(DesZ  mg/mL) 

[1] :  5.31 ± 2.66 - 

[2] :  11.1 ± 0.82 - 

[A] :  -0.03 ± 0.3 n.d. (4.13) 

[B] :  ( )  108.6 ± 8.95 7.29 ± 0.59 (4.13) 

[C] : [B] - ([2] )  97.5 ± 8.95 6.59 ± 0.60 (4.13) 

[D] :  +   34.5 ± 3.66 6.13 ± 2.60 (2.29) 



 

3-3-1 [A] DesZ

DesZ

	 [2]

	 [2] [B]

DesZ [C]

 [D]  (C/D = 93 )

DesZ

	 

 

 . 12 1 ACH

DesZ

(3-1.7)	

DesZ 	 

DesZ  [E]  

500µM EDTA (pH 8.0) 20

	 DesZ (ZebaTM Spin Desalting 

Column) 100 mM Tris-HCl (pH7) 	

DesZ 3 [F] : 100 mM Tris-HCl (pH7) [G] : 

(4 mM , 2 mM (II), 100 mM 

Tris-HCl (pH 7.5)) 2

(ZebaTM Spin Desalting Column) 100 mM Tris-HCl (pH7)  [H] : 

(4 mM , 2 mM 

, 100 mM Tris-HCl (pH 7.5)) 2

(ZebaTM Spin Desalting Column) 100 mM Tris-HCl (pH7)

	

	 (mg)

(1U = 1 µmol O2/min)/mg protein [E]

 (Recover % ) 	 3-3-2 	 



 

3-3-2 DesZ  

 

 U /mg protein ( Recover % ) 

  [E] :  →  6.13 ± 2.60 (100) 

  [F] :  →  1.52 ± 0.40 (24.7) 

  [G] :  →  → 

      + Fe  →  
4.83 ± 1.15 (78.8) 

  [H] :  →  → 

      + Ca  →  
1.02 ± 0.26 (16.6) 

, Bradford

. 4 , 

± . (Recover % ) DesZ MGA

100 . 

 

 

3-3-2 DesZ EDTA  

[F] 25%  

[G] 80% 	

 [H]	 

DesZ

	 DesZ

	 

 

 -- 1 G .

LigAB DesB HPCD

PCA Gallate HPCA DesZ 3MGA

	 2.9.2

3MGA (1 mM) 	 (mg)

(1U = 1 µmol O2/min)/mg protein 3MGA

(%) 	 3-3-3 	 



 

 

3-3-3 DesZ PCA Gallate HPCA  

 

 

 

 

 

 

 

, Bradford

. 4 , 

± . n.d. . ( ) 3MGA

DesZ 100% .  

 

 

3-3-3 Galltate PCA 	Kasai

(2005) (  3-3-4) DesZ Gallate 3MGA PCA Vmax

2.75 ± 0.08 3.63 ± 0.20 < 0.1 (U/mg)

	 HPCA 	 

 

 

3-3-4 DesB, DesZ and LigAB  

(Kasai et al., Journal of Bacteriology, 187(15), 5067-5074, 2005 ) 

 

Substrate U/mg protein (%) 

3MGA 5.50 ± 1.43 (100) 

Gallate 5.80 ± 1.18 (105.6) 

PCA 1.01 ± 0.55 (18.4) 

HPCA n.d. 



(-4) m

 

	 DesZ 	

	DesZ

	 	DesZ

LigAB DesB

	LigAB DesB H61, H59

	DesZ Q98

H184 Q98 DesZ

	Q98 Q98H 	

Q98A 	

DesZ LigAB DesB

3-4-1 	  (H184	

H250) 	

 (H12, E287, H184) 	DesB Gallate

(Sugimoto et al., 2014) 	

(DesB : N57) (DesZ : N96)

	

	 LigAB DesB‒ 	

DesZ  (P132, N322)	

 (R26, R315)

3-4-2

	DesZ  

 



 
 

3-4-1 LigAB, DesB DesZ  

, 

. A: LigAB (PDB: 1B4U) , PCA. B: DesB (PDB: 3WR8) , 

Gallate. C: DesZ . 3MGA . 

 

 



 
 

3-4-2 DesZ  

. 

, 3MGA . 

(N96 )

. 

 

 

cd (-4) Z e

	 	

DesZ 	E287A	R315E N322D

DesZ  ( 3-4-1, 

3-4-2, 3-4-3) E287A	R315A N322D

2M (NH4)2SO4 	

	 	

2 	



	SDS-PAGE 	SDS-PAGE

ImageJ 	 	

CD DesZ

DesZ SDS-PAGE 3-4-4

 

 

 

 
 

3-4-1. DesZ  (1) 

, Lysate SDS-PAGE . 

DesZ . WT , (-) desZ

Lysate , DesZ . 

 

 



 

 

 

3-4-2. DesZ  (2) 

Lysate , SDS-PAGE

. DesZ . 

  



 

 

3-4-3. DesZ  (3) 

E287A	R315A N322D

SDS-PAGE . DesZ . 

 

 

 

 

3-4-4. DesZ  (4) 

, SDS-PAGE . 

DesZ .  

  



( 3 3 .32 41 (-4) a h

CD 3-4-5 DesZ DesZ CD

	 50%

DesZ 	 BSA

20% 	 	

 

 

 

 
 

3-4-5 DesZ CD  

DesZ 0.065mM NaCl 0.065mM Tris-HCl (pH 8.0), 20 , 

. BSA . 

 

  



(-4) m

o D (-4) m

	LigAB DesB

DesZ 	 DesZ LigAB DesB

(H127, H195 H124, H192) 154 DesZ 8 (H184A, H250A)

	  (mg)  (1U = 

1 µmol O2/min)/mg protein 	 DesZ 3MGA

(%) 3-4-1  

3-4-1 DesZ 3MGA  

 

U /mg protein. 

, Bradford

. 4 , 

± . ( ) DesZ 3MGA 100%

(%) , n.d. . 

DesZ 	H250A

	 H184A 5.5%

 

C l o D (-4)

m

LigAB DesB DesZ 	 236
7 0154 9 0 9 DesZ 8 	

 H250A H184A 

5.50 ± 

1.43 
(100) 

n.d. 

0.30 ± 

0.08 
(5.5) 



 (mg)  (1U = 1 µmol O2/min)/mg protein

	 DesZ 3MGA (%)

3-4-2  

 

 

3-4-2 236 7 0 9 07 0154 9 DesZ 8
3MGA  

 

 

 

 

 

U /mg protein. 

, Bradford

. 4 , 

± . ( ) DesZ 3MGA 100%

(%) , n.d. . 

 

 

LigAB DesB

DesZ 	H12A	E287A 	

	

N96A DesZ 8 	

DesB N57 (

) DesZ N96

	

 

 

i r o D (-4)

m

 Q98H Q98A H12A E287A N96A 

5.50 ± 

1.43 

(100) 

0.85 ± 

0.56 

(15.4) 

0.58 ± 

0.29 

(10.6) 

n.d. n.d. 

0.45 ± 

0.29 

(8.3) 



LigAB DesB DesZ 	

154 9 DesZ 8 	

 (mg)  (1U = 1 µmol 

O2/min)/mg protein 	 DesZ 3MGA

 (%) 3-4-3  

 

 

3-4-3 154 9 DesZ 8
3MGA  

 

 

 

 

 

 

 

 

 

 

 

U /mg protein. 

, Bradford

. 4 , 

± . ( ) DesZ 3MGA 100%

, n.d. . 

 

 

154 9 DesZ 8 	

R26A R26E 	R315A R315E  

 

	 DesZ DesZ P132E PCA Gallate

3-4-4 	 3-4-6

 

 R26A R26E P132A P132E 

5.50 ± 

1.43 
(100) 

n.d. n.d. 

3.33 ± 

0.54 
(60.6) 

4.23 ± 

0.38 
(77.0) 

     

R315A R315E N322A N322D 

n.d. n.d. 
2.50 ± 

0.25 

(45.4) 

0.75 ± 

0.52 

(13.6) 



3-4-4 DesZ DesZ P132E PCA Gallate  

 

 

 

 

 

 

 

 

 

 

U /mg protein. 

, Bradford

. 4 , 

± . ( ) DesZ a) 3MGA b) Gallate 100%

. 

 

  

  P132E 

3MGA 
5.50 ± 1.43 

(100) a) 

4.23 ± 0.38 

(77.0) a) 

Gallate 
5.80 ± 1.18 

(105.6) a) 

5.25 ± 1.14 

(95.4) a) 

(90.4) b) 

PCA 
1.01 ± 0.55 

(18.4) a) 



 

 
 

3-4-6 DesZ  

DesZ . ( ) DesZ 3MGA 100%

, n.d. . 

, . DesZ 3MGA

. 

 

 

DesZ H250 LigAB DesB

	 H250A 	

DesZ  

	DesZ R26 R315 3MGA

LigAB DesB 	 3MGA

	DesB Tyr391’	Tyr412' Thr267

Tyr391’	Tyr412' DesB

DesB C  = LigA LigAB

DesZ DesB LigA Phe103' 	



Phe103' π

	 Type I

HPCD DesZ R26 R315

R243 R293  ( 3-4-7)	DesZ HPCA

 

 

 

 

 

3-4-7 HPCD  (PDB : 4GHG) 

HPCD  ( HPCA). R243 R293 HPCA . 

 

 

	P132E DesB-Gallate Glu377' 

DesZ Pro132 Glu 	 Gallate

3MGA  
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DesZ Sphingobium sp. SYK-6 3MGA

Extradiol 	Type II–Class III SYK-6

Type II–Class III Extradiol DesZ

3  ( LigZ LigAB DesB ) 	 DesZ

LigZ SYK-6

OH-DDVA 	LigAB DesB LigZ

	 PCA	Gallate 	DesZ 	

DesZ LigAB DesB SYK-6 Syringate

	DesZ 3MGA LigAB DesB PCA	Gallate

	

	DesZ X 	

 

DesZ

	

DesZ

	

	

	 	

	 DesZ

DesZ

	

DesZ

	 	

	

	 DesZ
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	 DesZ LigAB DesB 	

LigA DesB C DesZ C

15 insertion 4-1

	LigA DesB C  (

)  

 

 

 

 

4-1 DesZ	DesB LigAB  

DesZ , DesB LigAB . 

DesZ . 

, DesB LigB , 

 (DesZ ). DesZ

insertion . 

 

 

DesZ LigAB DesB 	DesZ

His12/His184/Glu287 	 LigAB

DesB His12/His127/Glu242 His12/His124/Glu239 	LigAB

DesB His184 His127 His124
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	 	DesZ

LigAB DesB

	 DesZ 	DesZ His250

LigAB DesB (His195 His192)

	DesB

R-site A-site

(Sugimoto et al., 2014)	DesB R-site Asn57

DesZ Asn96  

DesZ 	

	DesZ

	

	 3MGA LigAB/DesB

(His195/His192 His250)

	DesZ His250

	Gln98 DesZ

 (His12-His184-Glu287) 	

DesB R-site

Asn57 Asn96

	DesZ N96 R-site

	  

	DesZ LigAB DesB 	

 ( 4-1 ) 

	

DesZ Arg26

Arg315 	 LigAB DesB Type I

HPCD HPCA DesZ

HPCD Type

	HPCD HPCA

2  ( Type I - Class II BphC

2 	 2,3-dihydroxybiphenyl

) 	DesZ HPCA

	 	DesZ
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HPCA DesZ Arg26 Arg315

	  

DesZ

	DesZ Gln98 	

Cα LigAB/DesB

His61/His59 	DesZ 	

DesZ His184 LigAB/DesB His127/His124

	DesZ 	

	 	DesZ

His250 3MGA

Arg26/Arg315 LigAB DesB

	 DesZ

His12-Gln98-Glu287 	 DesZ

LigAB, DesB

DesZ 4-2  
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4-2 DesZ  

DesZ 	 LigAB, 

DesB . DesB LigB

, 

. (DesZ ).  

 

 

	DesZ Protein BLAST (https://blast.ncbi.nlm.nih.gov/Blast)  (

4-1)  ( 4-3)

 ( 4-4) 	TypeII–ClassIII

DesZ 	Arg26	Arg315

	 	

	  a) DesZ
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LigZ Gln98 Asn96 	His-Gln-Glu

	b) DesZ Gln98 His

	DesZ Asn96 Ser 	His-His-Glu

	b)

high GC

4-5  

 

 

4-1 DesZ Protein BLAST  

 

 

Protein BLAST DesZ , 40%

 ( ) . 
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4-3 DesZ Protein BLAST (1) 
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4-3 DesZ Protein BLAST (2) 

Protein BLAST 	DesZ 	 40%

( ) LigB DesB

CLUSTAL O(1.2.4) multiple sequence 

alignment . DesZ . 
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	 4-4  

 

 

 

 

 
 

4-4 DesZ  

Protein BLAST . .  a) 

DesZ LigZ Gln98 Asn96 	His-Gln-Glu

,  b) DesZ Gln98 His DesZ

Asn96 Ser 	His-His-Glu

. 



 100 

 

 

4-5 TypeII–ClassIII  

 

a) DesZ LigZ Gln98 Asn96 , His-Gln-Glu

 (GNDQXE ) , b) DesZ Gln98 His

	DesZ Asn96 Ser 	His-His-Glu  

(SSDHKE ) . 

DesZ . 

	 DesZ X

	Native 	DesZ

	

DesZ 3MGA 	 DesZ 3MGA

DesZ BLAST

	TypeII–ClassIII 	DesZ

LigZ His-His-Glu 	

His-Gln-Glu
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(A

Acetic acid … Wako 
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2-[4-(2-Hydroxyethyl)-1-piperazinyl]ethanesulfonic Acid [HEPES] … Dojindo  

2-Morpholinoethanesulfonic acid, monohydrate [MES] … Dojindo 
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Potassium Chloride (KCl) … nacalai tesque 
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Sodium Acetate (CH3COONa) … Wako 

Sodium Hydroxide (NaOH) … Wako 

Sodium Chloride (NaCl) … Wako 

Tris (hydroxymethyl) aminomethane Nuclease and Protease tested [Tris]  … nacalai tesque 

 

.

Agarose S … Wako 
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Competent Cells BL21(DE3) … Novagen 

Competent Cells BL21(DE3)pLysS … Novagen 

Competent Cells E. coli DH5α … TAKARA 

DNA Ladder Marker (200 bp, 1Kbp) … TAKARA 
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KOD -Plus- … TOYOBO 
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QIAquick® Gel Extraction Kit … QIAGEN 

Quick Taq® HS DyeMix … TOYOBO 

Buffer … TAKARA 

- -EDTA  (50 ) [TAE Buffer] pH 8.3 … nacalai tesque 

 

e Sgo …  

oYn[ e Sgo

T7 promoter 20 mer  

5’-TAATACGACTCACTATAGGG-3’ 

T7 terminator 21 mer  

5’-ATGCTAGTTATTGCTCAGCGG-3’ 

 

pGEX 5’ Sequencing Primer 23 mer  

5’-GGGCTGGCAAGCCACGTTTGGTG-3’  

pGEX 3’ Sequencing Primer 23 mer  

5’-CCGGGAGCTGCATGTGTCAGAGG-3’  

 

f o e Sgo

pETHP/desZ infusion  (+) : (35 mer) 

5’-CCAGGGGCCCGGATCCATGGCTGAGATCGTCCTTG-3’ 
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pETHP/desZ infusion  (-) : (35 mer) 

5’-CGATGGTACCGTCGACTCATCGCCAGCAGACGAAA-3’ 

 

pGEX6P-1/desZ infusion  (+) : (35 mer)  

5’-GGGGCCCCTGGGATCCATGGCTGAGATCGTCCTTG-3’ 

pGEX6P-1/desZ infusion  (-) : (35 mer) 

5’-GATGCGGCCGCTCGAGTCATCGCCAGCAGACGAAA-3’ 

 

pGEX 6P desZ  (+) : SmaI 23 mer  

5’-AAACCCGGGAATGGCTGAGATCG-3’  

pGEX 6P desZ  (-) : 3C protease cleavage site +6His+XhoI 70 mer  

5’-TTTCTCGAGGTGGTGGTGGTGGTGGTGGGGCCCCTGGAACAGAACTTCCAGTCG

CCAGCAGACGAAACCC-3’ 

 

[ ] 

Q98H   (+) : 35 mer  

5’-CTCGGCAATGATCACATGGAGATATTCGACGAACG-3’ 

Q98H   (-) : 35 mer  

5’-CGTTCGTCGAATATCTCCATGTGATCATTGCCGAG-3’ 

 

H250A   (+) : 35 mer  

5’-CTCGGGCGGTCTCACGGCTTTCGTCATCGACGAGG-3’  

H250A   (-) : 35 mer  

5’-CCTCGTCGATGACGAAAGCCGTGAGACCGCCCGAG-3’ 

 

Q98A   (+) : 35 mer  

5’-CTCGGCAATGATGCGATGGAGATATTCGACGAACG-3’ 

Q98A   (-) : 35 mer  

5’-CGTTCGTCGAATATCTCCATCGCATCATTGCCGAG-3’ 

  

P132E   (+) : 35 mer  

5’-GTATGGCGGCGTTGGAGCCGGGCATCAACCTGTCC-3’ 

P132E   (-) : 35 mer  
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5’-GGACAGGTTGATGCCCGGCTCCAACGCCGCCATAC-3’ 

 

P132A   (+) : 35 mer  

5’-GTATGGCGGCGTTGGCACCGGGCATCAACCTGTCC-3’ 

P132A   (-) : 35 mer  
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R26E   (-) : 35 mer  

5’-CTCTGATCGAAGGCGAGCTCCGAACGCCATTGCTC-3’ 

 

R315A   (+) : 35 mer  

5’-GATTATGTGCCCTGCTATGCAAGCGAAGCGGGAAC-3’ 

R315A   (-) : 35 mer  

5’-GTTCCCGCTTCGCTTGCATAGCAGGGCACATAATC-3’ 

 

R315E   (+) : 35 mer  

5’-GATTATGTGCCCTGCTATGAGAGCGAAGCGGGAAC-3’ 

R315E   (-) : 35 mer  

5’- GTTCCCGCTTCGCTCTCATAGCAGGGCACATAATC-3’ 

 

N322A   (+) : 35 mer  

5’-GAAGCGGGAACCGGCGCTGCGATGGGTTTCGTCTG-3’ 

N322A   (-) : 35 mer  

5’-CAGACGAAACCCATCGCAGCGCCGGTTCCCGCTTC-3’ 

 

N322D   (+) : 35 mer  
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5’-GAAGCGGGAACCGGCGATGCGATGGGTTTCGTCTG-3’ 

N322D   (-) : 35 mer  

5’-CAGACGAAACCCATCGCATCGCCGGTTCCCGCTTC-3’ 

 

H12A   (+) : 35 mer  

5’-CCTTGGCATCGGCACGAGCGCCGGCCCGATGCTTG-3’ 

H12A   (-) : 35 mer  

5’-CAAGCATCGGGCCGGCGCTCGTGCCGATGCCAAGG-3’ 

 

E287A   (+) : 35 mer  

5’-CCAGGACGGCACGTCCGCGCTCAAGAACTGGATCC-3’ 

E287A   (-) : 35 mer  

5’-GGATCCAGTTCTTGAGCGCGGACGTGCCGTCCTGG-3’ 

 

H184A   (+) : 35 mer  

5’-CCAAGCCGGAAACGCCCGCCGCTTTCGGCTTCGTC-3’ 

H184A   (-) : 35 mer  

5’-GACGAAGCCGAAAGCGGCGGGCGTTTCCGGCTTGG-3’ 

 

N96A   (+) : 35 mer  

5’-CAGTCATTCTCGGCGCTGATCAGATGGAGATATTC-3’ 

N96A   (-) : 35 mer  

5’-GAATATCTCCATCTGATCAGCGCCGAGAATGACTG-3’ 

 

DN x

3,4-dihydroxy-5-methoxy-benzoic Acid [3MGA] (97%) … ASTATECH 

Syringic acid 98+% … Alfa Aesar 

Protocatechuic acid [PCA]… WAKO 

Gallic acid monohydrate … WAKO 

Vanillic acid … nakarai tesque 

3,4-Dihydroxyphenylacetic acid (homoprotocatechuate)[HPCA] 98% … SIGMA-ALDRICH 

4-nitrocatechol … WAKO 
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< GE Healthcare > 

Q Sepharose Fast Flow 

DEAE Sepharose Fast Flow 

SP Sepharose Fast Flow 

RESOURCE ETH, ISO, PHE 1 mL, 6 mL 

HiPrep Q FF 16/10 

HiTrap Q Sepharose Fast Flow 1 mL 

HiTrap Phenyl FF (high sub), HiTrap Octyl FF, HiTrap Butyl FF   1 mL 

Superdex 200 increase 10/300  

PD-10 

 

ZebaTM Spin Desalting Column (0.5mL, for 30-130 µL 7K MWCO) … Thermo SCIENTIFIC 

 

DN ( <

Methanol … Wako 

NuPAGE® Bis-Tris Mini Gels (4-12 ) … life technologies 

NuPAGE® LDS Sample Buffer … life technologies 

NuPAGE® MES SDS Running Buffer … life technologies 

Rapid Stain CBB kit (CBB ) … nacalai tesque 

SeeBlue® Plus2 Pre-Stained Standard ( ) … invitorgen 

XCell SureLock® Mini-Cell … life technologies 

6-Aminohexanoic Acid (6-Amino-n-caproic Acid) … Wako 

 

Sodium Sulfite, Anhydrous … Wako 

Bio-Rad Protein Assay ( Bradford ) … Bio-Rad 

 

Ammonium Iron(II) Sulfate Hexahydrate (Fe(NH4)2(SO4)2 6H2O) … Wako 

BIS-TRIS Propane (C11H26N2O6) … SIGMA-ALDRICH 

Calcium Acetate (Ca(CH3COO)2) … Wako 

Calcium chloride (CaCl2) … Wako 



 117 

Cobalt(II) Chloride Hexahydrate (CoCl2 6H2O) … Wako 

Copper (II) Chloride (CuCl2) … Wako 

Glycine (C2H5NO2) … Wako 

Glycerol … Wako 

Imidazole (C3H4N2) … Wako 

Iron(II) Sulfate Heptahydrate (FeSO4 7H2O) … Wako 

Magnesium Chloride Hexahydrate (MgCl2 6H2O) … Wako 

Manganese(II) Chloride Tetrahydrate (MnCl2 4H2O) … Wako 

Nickel(II) Chloride Hexahydrate (NiCl2 6H2O) … Wako 

N,N-Bis(2-hydroxyethyl)-2-aminoethanesulfonic acid [BES] (C6H15NO5S) … Dojindo 

N,N-Bis(2-hydroxyethyl)glycine [Bicine] (C6H13NO4) … Dojindo 

N-Cyclohexyl-2-aminoethanesulfonic acid [CHES] (C8H17NO3S) … Dojindo 

N-Tris(hydroxymethyl)methyl-2-aminoethanesulfonic acid [TES] (C6H15NO6S) … Dojindo 

N-[Tris(hydroxymethyl)methyl] glycine [Tricine] (C6H13NO5) … Dojindo 

Sodium Bromide (NaBr) … Wako 

Sodium Deoxycholate (C24H39NaO4) … Dojindo 

Sodium Iodide (NaI) … Wako 

Zinc Acetate Dihydrate (Zn(CH3COO)2 2H2O)  … Wako 

 

70.0 mM HEGA® -10 (Detergent Screen Reagent 44) … HAMPTON RESEACH 

Lithium chloride (LiCl) 10.0 M solution … HAMPTON RESEARCH 

Lithium acetate dihydrate (CH3COOLi 2H2O) 5.0 M solution … HAMPTON RESEARCH 

Magnesium formate dihydrate (C2H2O4Mg 2H2O) 1.0 M solution … HAMPTON RESEARCH 

Potassium thiocyanate (KSCN) 8.0 M solution … HAMPTON RESEARCH 

Sodium formate (CHNaO2) 7.0 M solution … HAMPTON RESEARCH 

Sodium malonate (C3H4O4) 3.4 M solution (pH7.0) … HAMPTON RESEARCH  

Zinc chloride (ZnCl2) 2.0 M solution … HAMPTON RESEARCH 

Polyethylene glycol 10,000 50% w/v solution … HAMPTON RESEARCH 

Polyethylene glycol 20,000 30% w/v solution … HAMPTON RESEARCH 

PEG8000 … Applichem Panreac 

PEG1500, 4000, 6000 … nacalai tesque 

 

x[ oan ]
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Crystal Screen, Crystal Screen 2, Index, 

Detergent screen, Additive screen … HAMPTON RESEARCH 

Wizard Classic 1&2 … Emerald BioSystems 

The PEGs II Suite … QIAGEN 

The Protein Complex Suite … QIAGEN 

 

t

AKTA FPLC System (FPLC) … GE Healthcare 

AKTA explorer System (FPLC) … GE Healthcare 

TOMY LSX-7000 ( ) …  

BIO-SHAKER BR-40LF ( ) … TAITEC 

BLOCK INCUBATOR BI-516S ( ) … ASTEC 

CHIBITAN-II ( ) … MILLIPORE  

FAS-III ( )… TOYOBO 

GeneAmp PCR System 9700 ( ) … Applied Biosystems 

Innova 4330 ( ) … NEW BRUNSWICK SCIENTIFIC 

IN602 ( ) …  

VP30S ULTRAS HOMOGENIZER ( ) … TAITEC 

Mupid-2 plus (DNA ) … ADVANCE 

HELEOS II /ASTLA 6 (SEC-MALS system) … Wyatt Technology 

WTC-030S5 (SEC column) … Wyatt Technology 

TOMY MX-305 ( ) …  

Avanti HP-20XP ( ) …  BECKMANCOULER 

 … HIRASAWA WORKS 

DU730 ( ) … BECKMANCOULER 

Nanodrop ND-1000 Spectrophotometer ( ) … Thermo SCIENTIFIC 

NeoFox ( ) … Ocean Optics 

Procise HT ( ) … Applied Biosystems 

Leica M250C ( ) … Leica Microsystems 

SteREO Discovery.V8 ( ) … ZEISS 

PERISTA PUMP ( ) … ATTO 

J-820 ( ) … JASCO 

PTC-423L (Peltier Effect Single Cell Holder) … JASCO 
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CA-1112 ( ) … EYELA 

MNT-Series ( ) … KOFLOC 

Infinite F200 PRO ( ) … TECAN 

 

L

Amicon® Ultra 4, 15 (10,000 MWCO) … MILLIPORE 

 12×33 mm … GL Sciences 

 (100µL) … HAMILTON Syringes 

Anaerobic Indicator BR0055B ( ) … OXOID 

NunclonTM Delta Surface (96well ) … Thermo SCIENTIFIC 

 

C21

Components / 1 L 

Bacto Tryptone 16 g 

Bacto Yeast Ex. 10 g 

NaCl 5 g 

 

-( >  

Components / 1 L 

Bacto Tryptone 10 g 

Bacto Yeast Ex.  5 g 

NaCl 10 g 

(Agar) (14 g) 

Ampicillin Sodium (100 

mg/mL stock) 
1 mL 
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A, Ala alanine  

C, Cys cysteine  

D, Asp aspartic acid  

E, Glu glutamic acid  

F, Phe phenylalanine  

G, Gly glycine  

H, His histidine  

I, Ile isoleucine  

K, Lys lysine  

L, Leu leucine  

M, Met methionine  

N, Asn asparagine  

P, Pro proline  

Q, Gln glutamine  

R, Arg arginine  

S, Ser serine  

T, Thr threonine  

V, Val valine  

W, Trp tryptophan  

Y,Tyr tyrosine  
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3MGA 3-O-methylgallate 

HPCA homoprotocatechuate 

OH-DDVA 2,2’,3-trihydroxy-3’-methoxy-5,5’-dicarboxy- biphenyl 

PCA protocatechuate 

DesB gallate dioxygenase 

DesZ 3-O-methylgallate dioxygenase 

LigAB protocatechuate 4,5-dioxygenase 

LigZ 2,2’,3-trihydroxy-3’-methoxy-5,5’-dicarboxy- biphenyl dioxygenase 

HPCD homoprotocatechuate 2,3-dioxygenase 
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5mM 3MGA DesZ , (

) ( ), (µmol)

. Bradford  (1.97 mg/mL) , 

 (4.3 ) ( µmol / )  (

 (mg)  (1U = 1 µmol O2/min) /mg protein) . 

4.3 )	 
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) D P

C.1 ( ) (µmol) .  (4.3 )

, .  
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