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L-PGDS lipocalin-type prostaglandin D synthase 
PGH2 prostaglandin H2 

PGD2 prostaglandin D2 

COX cyclooxygenase 
GSH glutathione 
ROS reactive oxygen species 
NOX NADPH oxidase 
ITC isothermal titration calorimetry 
NMR nuclear magnetic resonance 
ΔH enthalpy change 
Kd dissociation constant 
nbs binding stoichiometry 
ΔG Gibbs free energy change  
ΔS entropy change 
CSP chemical shift perturbation 
HSQC heteronuclear single quantum coherence 
HADDOCK high ambiguity driven biomolecular docking 
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D (L-PGDS) [1]	L-PGDS 

2 (Fig. 1A)

10 [2-4]	L-PGDS SH

H2 (PGH2)

D2 (PGD2) (Fig. 1B)

PGD2 [5]	L-PGDS  PGH2

(COX)

L-PGDS

PGD2 	

L-PGDS PGH2 COX L-PGDS

PGD2 ��	� PGD2

�������� H2 
(PGH2) 

�������� D2 
(PGD2) 

L-PGDS 

Figure 1. (A) 	L-PGDS ( )
( ) 	(B) L-PGDS 	

PGH2( ) PGD2( ) 	 

A B 
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PGD2 [5]	

L-PGDS PGD2

L-PGDS

	 

 
  

 
 
 
Figure 2. L-PGDS 	L-PGDS 	

β- α- 	 Cys65
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L-PGDS

	 100

[6]	L-PGDS

	L-PGDS 189

3 Cys (Cys65, Cys89, Cys186)

(Fig. 2)	 Cys89 Cys186 β

	

	 Cys65 L-PGDS Cys Cys65

Ala L-PGDS Cys65

[7]	L-PGDS

[8,9]	 L-PGDS Cys65

[7,10]	 

L-PGDS

	

8 β- β

α- (Fig. 3B) β

(Fig. 3C)

[11-13]	 in vitro L-PGDS PGH2 PGD2

(Fig. 3C) (Kd = 30-180 nM) 

[14,15]	 L-PGDS PGD2
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Figure 3. (A) Cys 	(B)L-PGDS

	 β- α-
	 8 β- β

(cavity) 	(C)
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Figure 4. (A) L-PGDS  ( : side view, : top view)	β-

α- 	8 β-
	(B) L-

PGDS cavity 	L-PGDS cavity
	 cavity pocket 1 cavity pocket 2
	(C) L-PGDS 	

	 	



	

 7 

X

L-PGDS 8 β-

β

(Fig. 4A)	β 2

cavity

(Fig. 4B) [15,16]	 cavity

L-PGDS

	 L-PGDS

[17]	

L-PGDS β (Kd = 20 nM)

β

[18]	L-PGDS

	 L-PGDS

in vitro, in vivo 	 

L−PGDS PGD2

(Fig. 5)	PGD2

NADPH 11- 	NADPH

11- 9α-11β F2 (9α-11β-

PGF2) [19]	PGD2 9α-11β-PGF2

[20]	 NADPH 9α-11β-PGF2

PGD2

	 NADPH

(GSH) L-PGDS PGH2 PGD2

[9]	

NADPH L-PGDS PGD2

	 L-PGDS

L-PGDS NADPH
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L-PGDS

(NMR) L-PGDS (PDB ID: 2E4J) L-

PGDS U-46619 (PDB ID: 2KTD)

[15, 30] cavity

	

	

	 

L-PGDS NADPH (ITC)

NMR 	 NADP+ NADH NAD+

	 NMR

L-PGDS NADPH

	 

	

	
	
Figure 5. PGD2 	PGD2 NADPH 11- 9α-11β-
PGF2α ( ) 	 PGD2 15d-PGJ2 

( ) 	 



	

 9 

L-PGDS U-46619

X 	 U-

46619 Cys65 L-PGDS

cavity 	

� 
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 L-PGDS NADPH  

  

NADPH NADPH 11-

PGD2

	 GSH L-PGDS

[9] NADPH L-PGDS

	 

	
 

Figure 6.  NADPH NADP+ NADH NAD+ 	 
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NADPH

[21]	 NADPH 	

NADPH NADP+ NADH

NAD+ 4 (Fig. 6)	 

L-PGDS

	L-PGDS

[22]	 L-PGDS (ROS)

[23]	 (ROS) NADPH

(NOX)

[24]	NADPH NOX ROS

[21]	 

NADPH	 + 	2O* ⟷ NADP, + 2O*•. + H, 

L-PGDS NADPH

	 L-PGDS NADPH

	 ROS

L-PGDS

L-PGDS NOX

NADPH 	

(ITC) NADPH NADP+ NADH NAD+ L-PGDS

(Kd) 	 
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 L-PGDS NADPH  

L-PGDS 3

Cys (Cys65, Cys89, Cys186) Cys89 Cys186 β

	 L-PGDS

Cys65

�����	�
�[7]� L-

PGDS Cys89 Cys186 Ala

Cys89,186Ala L-PGDS Cys65 Ala Cys65Ala L-PGDS

[7,15,16]	 Cys89,186Ala L-PGDS

Cys65Ala L-PGDS ITC NMR 	 

L-PGDS NADPH NADP+ NADH NAD+

ITC

	

(Fig. 7) (Kd)

(Table 1)	 

L-PGDS (0.2 mM) (5 mM)

nbs 1:1

	Cys89,186Ala L-PGDS

(Kd) NADPH (Kd) 47 µM

(ΔG) –5.9 kcal/mol (ΔH) –4.5 kcal/mol

(–TΔS) –1.4 kcal/mol 	 ΔH –TΔS

NADPH L-PGDS ΔH –TΔS

	 NADP+ Kd 370 µM ΔG –4.7 kcal/mol

ΔH (–5.8 kcal/mol) –TΔS (1.1 kcal/mol)

NADP+ L-PGDS 	  



	

 13 
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Figure 7. Cys89,186Ala L-PGDS( ) Cys65Ala L-PGDS( ) NADPH(A)
NADP+(B) NADH(C) NAD+(D) ITC 	

	 one-site 	 
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Table 1.  L-PGDS����"���583�4')9�-%(���#� 

 

 Ligands XlogP a nbs
b 

Kd 

(µM) 
ΔG (kcal/mol) 

ΔH 

(kcal/mol) 

-TΔS 

(kcal/mol) 

Cys89,186Ala NADPH –1.13 1.0 ± 0.1 47 ± 6 –5.9 ± 0.1 –4.5 ± 0.3 –1.4 ± 0.4 

 NADP+ –0.78 0.9 ± 0.1 370 ± 40 –4.7 ± 0.1 –5.8 ± 0.6 1.1 ± 0.7 

 NADH –1.45 0.8 ± 0.2 320 ± 70 –4.8 ± 0.1 –6.2 ± 0.7 1.4 ± 0.8 

 NAD+ –1.20 n.d.c  n.d. n.d. n.d. n.d. 

Cys65Ala NADPH  1.0 ± 0.0 20 ± 2 –6.8 ± 0.1 –4.0 ± 0.4 –2.8 ± 0.3 

 NADP+  0.7 ± 0.0 210 ± 25 –5.4 ± 0.1 –7.9 ± 1.2  2.5 ± 1.3 

 NADH  0.7 ± 0.2 210 ± 3 –5.4 ± 0.0 –6.4 ± 1.3  1.0 ± 1.3 

 NAD+  n.d.c  n.d. n.d. n.d.   n.d. 

 
a& �"��/,*�1� XlogP$� ALOGPS 2.1�!����.�
62��[25]� 
b nbs�4'+���� 
c 07���	�� 
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NADH Kd 320 µM ΔG –4.8 kcal/mol NADH L-PGDS

NADP+ NADPH ΔH –

TΔS  –6.2 kcal/mol 1.4 kcal/mol

) NAD+

) )  

)

Cys65Ala L-PGDS 4 ITC

Cys65Ala L-PGDS NADPH (Kd) 20 µM

(ΔG) –6.8 kcal/mol (ΔH) –4.0 

kcal/mol (–TΔS) –2.8 kcal/mol NADP+ Kd  210 µM

ΔG  –5.4 kcal/mol ΔH (–7.9 kcal/mol) –

TΔS (2.5 kcal/mol) NADP+ L-PGDS

) NADH Kd 210 µM ΔG –5.4 kcal/mol

NADH Cys65Ala L-PGDS NADP+ NADPH

ΔH –TΔS  –6.4 kcal/mol 1.0 

kcal/mol NAD+

) )

L-PGDS

) 2'-

L-PGDS NADPH

NADP+ NADH
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 L-PGDS NADPH NMR  

L-PGDS NADPH NMR
15N 1H-15N HSQC

NMR )

 

(Fig. 8) NMR )

L-PGDS NADPH NADP+ NADH NAD+

) A

!" B !# !$
A⟷B !" −	!#

!$ (Fig. 8A)

)

)  
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Figure 8. L-PGDS NADPH (A) NADP (B) NADH(C) NAD (D)

H-15N HSQC L-PGDS 1:0( )
1:0.25( ) 1:0.5( ) 1:0.75( ) 1:1( ) 1:2( )  
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L-PGDS 1H 15N

(CSP) (Fig. 9)

σ L-PGDS )

(CSP ≥ 2σ) (2σ ≥ CSP ≥ 1σ) Table 

2  

	
	
Figure 9. NADPH(A) NADP+(B) NADH(C) NAD+(D) L-PGDS

L-PGDS (CSP)
CSP = {(ΔδH×WH)2 + (ΔδN×WN)2}/2 (CSP 
≥ 2σ) (2σ ≥ CSP ≥ 1σ)
WHN = 1.0, WN = 0.2 (σ) 2σ
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Table 2.  

Ligand Residue number (CSP ≥ 2σ) Residue number (2σ ≥ CSP ≥ 1σ) 

NADPH Phe55, Leu62, Thr82, Leu84, Arg85, 

Asn87, Glu90, Thr91, Ser114, Asp142, 

Phe143 

Ser50, Arg56, Ser109, His116, Ser117, 

Gly135, Thr136, Lys137, Gly138, Lys185 

 

NADP+ Phe55, Arg56, Leu62, Arg85, Glu90, 

Thr91, Ser109, Ser114, His116, Gly135 

Ser50, Thr82, Leu84, Thr106, Ser108, Ser119, 

Thr136, Gly138, Asp142, Phe143, Lys185 

NADH Ser45, Ser50, Phe55, Leu62, Cys65, 

Thr82, Arg85, Glu90, Ser109 

Ala46, Ala49, Arg56, Ser81, Leu84, His116, 

Ser117, Lys185 

NAD  Leu62, Tyr63, Thr82, Ser109, Phe166 Arg56, Asn87, Glu90, His104, His116, Gly135 

 

	
 
Figure 10. NADPH(A) NADP+(B) NADH(C) NAD+(D) L-PGDS

( ) ( ) L-PGDS
(PDB ID: 2E4J)  
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(CSP ≥ 2σ 1σ) L-PGDS 

L-PGDS

(Fig. 10) NADPH

) (CSP ≥ 0.23 ppm) β- C, D CD- EF-

GH- H2- (Fig. 10A)

NADP+ ) (CSP ≥ 0.13 ppm) 

NADPH β- D, F, G CD- EF- H2-

(Fig. 10B)

) NADPH NADP+

NADH )

(CSP ≥ 0.13 ppm) β-  A, B, C, D CD- H2-

Cys65 β

(Fig. 10C) NAD+ β C H2-

)

(Fig. 9D, Fig. 10D) NADPH NADP+ NADH NAD+

L-PGDS β  
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 L-PGDS NADPH  

ITC L-PGDS NADPH NADP+ NADH

) NADPH L-PGDS Kd 47 µM

NADP+ Kd 370 µM 8 )

(Table 1) NADP+

NADPH (Fig. 6)

L-PGDS cavity

(Fig. 

4B,C) [15] NADPH NADP+

NADP+ cavity

[26] NADH L-PGDS

Kd 320 µΜ NADPH L-PGDS Kd 47 µM 7

) NADH

NADPH 2'

(Fig. 6) L-PGDS

cavity ) L-PGDS NADPH

2'-  

Fig. 9A, B L-PGDS NADPH CD-

NADP+

NADPH CD

NADPH NADP+

NADH ) β- G, H

GH- (Fig. 9A-C) )

NADPH NADP+ 2'- β- G, H GH-
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NMR )

NADPH L-PGDS cavity (Fig. 10)

NADPH )

HADDOCK [27,28] L-PGDS

HADDOCK

HADDOCK )

200

HADDOCK Fig. 11

Table 3  

 

 

Table 3. L-PGDS NADPH  

 

HADDOCK score  –95.0 ± 6.6 

RMSD from the overall lowest-energy structure (Å) 0.7 ± 0.1 

Van der Waals energy (kcal/mol) –23.3 ± 8.8 

Electrostatic energy (kcal/mol) –434.7 ± 58.4 

Desolvation energy (kcal/mol) 8.8 ± 15.0 

Restraints violation energy (kcal/mol) 112.4 ± 77.53 

Buried Surface Area (Å2) 936.7 ± 109.0 

Z-Score –0.8 
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NADPH NADPH L-PGDS cavity

pocket 1 (Fig. 11A) Cavity NADPH

(Fig. 15)

L-PGDS cavity ) Lys58 Lys92

His116 Lys137 NADPH

(Fig. 11B,C)

NADPH 2'- β Üäðôå F�Â His116ªÊÄ GH-òõê

	
	
Figure 11. NADPH L-PGDS NADPH

(A) NADPH β (B)L-PGDS
(C) NADPH t���Â�r(�.QÜâóÕ�)¥

t�ÐM}ÂUw¼h²¸¥ 
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�Â Lys137 ½¨µÎÈp 2 Å ¼�;²»¨Í¥Æ¸¤β Üäðôå D �Â Lys92 ªÊ

Ä Ωòõê�Â Tyr63Ã NADPH ½p 3 Å ¼�;²»ªÌ¤

NADPH ��À��²»¨Í�y8¬h±Î¸(Fig. 11C)¥

°ÂîãòÃ¤ITC½NMRt�)¡ÂtD½Ê®�¹»¨¸¥±ËÀ¤Table 3ÊÌ¤

–434.7 ± 58.4 kcal/mol

) L-PGDS

NADPH ITC

L-PGDS NADPH (Table 1)

L-PGDS

XlogP

) (Table 1)  

 L-PGDS NADPH  

in vitro ) L-PGDS

L-PGDS ROS

) [23]

(ITC) NADPH L-PGDS

NADPH L-PGDS Kd 20~47 µM

NADPH NADPH Kd 40 µM )

[29] L-PGDS NADPH NADPH

ROS

NADPH Õ×ÛßõÝÂR8À*´Í L-PGDS ÂX(Â1�Ð

�?´Í¸ÇÀ¤in vivoÀª¯Í±Ë¿Ífj¬6�¼§Í¥ 
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 L-PGDS  

  

L-PGDS

(PDB ID: 2E4J) L-PGDS U-46619

(PDB ID: 2KTD) (Fig. 4) [15,30] L-PGDS L-

PGDS/U-46616

cavity

) ) cavity

L-PGDS ) )

)

L-

PGDS PGH2

)

)

PGH2 U-46619 L-PGDS

(Fig. 12)

L-PGDS �A�]¬¼¿¨°½¬g�±Î»¨Í¥

L-PGDS Cys89,186Ala L-PGDS U-46619

X ) Cys65Ala L-PGDS

U-46619 Cys65Ala L-PGDS

[7,15,16,31] Cys65Ala L-PGDS �A�'(¼§Í¸Ç[7]¤

X Cys65Ala L-

PGDS U-46619
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 L-PGDS U-46619  

L-PGDS Cys65 Ala

Cys65Ala L-PGDS U-46619 L-PGDS

Cys65Ala L-PGDS/U-46619

0.05 mm×0.05 mm×0.2 mm

(Fig. 13 )

2.53 X

Fig. 13 C2

a = 65.423, b = 44.948, c = 104.797 Å

Table 4  

	

 
 
 
 
Figure 12. PGH2 ( ) U-46619( ) U-46619 PGH2 9
( ) ( ) PGH2  

PGH2 U-46619 

  α chain 

β chain 
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Figure 13. Cys65Ala L-PGDS/U-46619  
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Table 4

 

Data Collection  

   Beamline SPring-8 BL38B1 

   Wavelength (Å) 1.00000 

   Exposure time (s) 15.0 

   Oscillation width (º) 1.0 

   Resolution (Å) 50.00-2.53 (2.57-2.53) 

   Space group C2 

   Unit-cell parameters (Å, º) 

a = 65.423, b = 44.948,  

c = 104.797, α = γ = 90.000, β = 

90.106 

   Unique reflections 10429 

   Rmerge
 a 0.054(0.388) 

   Completeness (%) 99.7 (100.0) 

   Average I/σ (I) 34.70 (4.27) 

   Redundancy 3.7 (3.7) 

Refinement  

   Resolution range (Å) 2.53(2.78-2.53) 

   R factor/R free 0.231/0.285 

Ramachandran plot  

   Most favored regions (%) 95.0 

   Disallowed regions (%) 0.0 
a Rmerge = ∑hkl ∑i | Ii (hkl)-<I(hkl)>| / ∑hkl ∑i Ii (hkl), where <I(hkl)> is the average intensity 

of reflection hkl and symmetry-related reflections. 

Values in parentheses are for the highest resolution shell. 
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165 153

L-PGDS cavity (pocket 

1) U-46619 (Fig. 14)  

 L-PGDS U-46619  

Cys65Ala L-PGDS U-46619 Fig. 15

L-PGDS 9 β- (A, 41-50; B, 65-71; C, 77-84; D, 89-98; E, 

104-108; F, 115-124; G, 128-138; H, 141-150; I, 177-179)) β

3 α (H1, 36-39; H2, 53-61; H3, 158-170))

β- D N Cys89 β

L-PGDS C Cys186

Cys89 Cys186 β

(Fig. 15A) Cys65 Ala65 β-

B N β Cys65Ala 

L-PGDS/U-46619 ) U-46619  

	
 

Figure 14. U-46619 2Fo-Fc (1.0 σ)	
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Figure 15. (A) Cys65Ala L-PGDS/U-46619 ( side view; top 
view) β-ÜäðôåÐv}¤α-ëñáØÜÐI}¤òõê !ÐT}¤U-46619Ð�}Â

¼�h²¸¥U-46619ÃβèóòÂ��Àt�²»¨¸¥Ala �qR

8�5C65Α ªÊÄ (S-S) ¼h²¸¥(B) U-46619t���
Â�r¥U-46619Ð�}¼¤Óíç�L"Â��Ðv}Â ¼h²¸¥ 
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pocket 1 ) (Fig. 15A)

U-46619 α EF-

(Lys92, Tyr107, Ser109, Ser112) (Trp54)

β- E Tyr107 α

2.7 Å ) Tyr107 U-46619

α

U-46619 ω (Ser45, Thr67, 

Ser81, Thr147, Tyr149) Cys65 Ala

Ala65 ω 15

2.7 Å 2.3 Å Thr67

Tyr149 ) Thr67 Tyr149 15

U-46619

(Leu96, Val118, Leu131, Met145)

(Fig. 15B) N 25 34 10

(Gln25, Gly26, His27, Asp28, Thr29, Val30, Gln31, Pro32, Asn33, Phe34, Gln35)

EF- Pro110 His111

) (Fig. 15A) NMR

) L-PGDS N EF-

[15]

)  
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 L-PGDS  

U-46619 L-PGDS

) Cys65Ala L-PGDS/U-46619 Cys65Ala L-

PGDS (PDB ID: 2RQ0) [32]

(Fig. 16A) β

CD- EF- H2- H3-

β

(open ) cavity

(closed ) )

(Fig. 16B) L-PGDS

U-46619 EF- H2-

Trp54 cavity

) Trp54 Ala

L-PGDS 60%

[16] L-PGDS Trp54

EF- Trp112 ( Ser112)

cavity [33]

Trp54 cavity
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Figure 16. (A) L-PGDSÂ���(  (PDB ID: 2RQ0)½U-46619��
�(v})Âk
G�
Â�Á�Ï¶�¥H2-ëñáØÜ¤H3-ëñáØÜ¤CD-òõê¤EF-òõêÂ !¼%¿G�$
�¬§¹¸¥(B) L-PGDSÂ���(-)½U-46619 ��
�(�)Â��G�¥EF-òõê½Trp54
 !Ð U-46619Ã�}¼h²¸Ê©À¤Å½Ñ¾ ÆÍÊ©Àt�²»¨
¸¥
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Cys65Ala L-PGDS/U-46619 Cys89,186Ala L-PGDS/U-

46619 [30] (Fig. 17)

β β- D

Cys89,186Ala L-PGDS/U-46619 β

Cys65Ala L-PGDS/U-

46619 β

) β- D N Cys89 L-PGDS C

Cys186 β- D β

U-46619

β Cys89,186Ala L-

PGDS/U-46619 U-46619 EF- CD-

(site 2) Cys89,186Ala L-PGDS/U-46619

U-46619 Cys65

Cys65Ala L-PGDS/U-46619

Cys65 ) 9Å (site 1)  

 
	

	
 
Figure 17. Cys65Ala L-PGDS/U-46619��
�(v})½Cys89,186Ala L-PGDS/U-46619��

�( )Âk
G�Â�Á�Ï¶�¥β U-46619¬*7´ÍG�À�
³}¼h²¸¥ 
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 L-PGDS  

Cys65Ala L-PGDS

[31]

U-46619 9

PGH2 [15]

L-PGDS/U-46619 U-46619 PGH2 L-

PGDS

(NMR) Cys89,186Ala L-PGDS U-

46619 (PDB ID: 2KTD) (Fig. 17) [30] )

Cys65Ala L-PGDS/U-46619 U-46619

NMR Cys89,186Ala L-PGDS/U-46619

β cavity pocket 1 ) pocket 1

(Fig.17)

Ala

Cys65Ala ) 9Å )

ITC L-PGDS

(U-46619)

L-PGDS U-46619 2 (

) L-PGDS PGH2 11

U-44069 (Fig. 18A)

(PDB ID: 4IMO) [34] U-44069 U-46619 L-PGDS

[16] L-PGDS U-44069

U-46619 ) [16]

L-PGDS

U-44069 cavity H2- GH-

) (Fig. 18B)  



	

 38 

 

Cys65Ala L-PGDS U-46619

 

L-PGDS cavity (open )

H2- CD- EF-

cavity (Fig. 19-1)

cavity

H2- CD-

EF- (closed )  

 

 
 
 
Figure 18. (A) U-44069 (B)Wild-type L-PGDS/U-44069

U-44069 (C)1: Wild-type L-PGDS/U-44069 (
) 2: Cys65Ala L-PGDS/U-46619 ( ) 3: Cys89,186Ala L-PGDS/U-46619

( ) β ñÖôå¬*7´ÍG�À�³}¼

h²¸¥ 
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Figure 19. L-PGDS PGH2 PGD2

Site 1 site 2
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L-PGDS ω

β site 1

(Fig. 19-2) L-PGDS PGH2 α ω

α Cys65

site 2 (Fig. 19-3)

Cys65

¹»¤àÕóõäÓæÕôÀÊÍNF=<¬�yÀ¿Í¥

PGH2 PGD2 (Fig. 

19-4)  
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m�lÀª¨»¤ITC ÀÊÍñÖôåt�)¡ÂtD«Ë_M8	&���a

�éÒíñõÀ,´Í L-PGDS¬�M8	&¼§Í NADPH¿¾ÂæÚàôÓíå�
�q½t�´Í°½Ð?Ë«À²¸¥°ÂtD¤�Ç» in vitro Âo¼ L-PGDS ¬�
M8	&½t�´Í°½Ðh²¸¥Æ¸¤NMRÀÊÍñÖôåÞÔäóõÛïô)¡Â
tD¤ªÊÄ¤ HADDOCK

åá×ôÙîãòÂGnÀÊÌ¤NADPH Ã L-PGDS Â cavity��Àt�²»¨
Í°½¬h±Î¸¥±ËÀ¤NADPH L-PGDS NADPH
NADPH ) L-PGDS NADPH

ROS  
 
KÀ¤m�lÀª¨»¤L-PGDS ½"��+
 U-46619 ½Â��
Ât@G�
�CÐ�©°½¼¤U-46619Ât� !Ã βèóòÂ��¼§¹¸¬¤°ÎÆ¼#�
±Î»¨Í��½Ã^¿Í�xÀt�²»¨¸¥L-PGDS Ã¤�>Â"�����
Ð:º°½¬h�±Î¸¥·°¼¤��O(²¸��
G�Ã¤

 
 
L-PGDSÃ¤db�`W� PGD2Â\[ÀÊÍ|V¿dbÂ�4É{z¢S�Â

Pc8Â£¨_M8	&Â��É ROS
ÀÊÍ�EisoÂ9/8Âu:¿¾¤H¦¿[�Z�À�Ï¹

»¨Í¥BfjÀÊ¹»¤L-PGDSÂ�M8	&Ât�H0ªÊÄ L-PGDSÂ�
&óìò¼ÂG�ÉJy °ÎËÂe�Ã¤�3¤

L-PGDSÐ�]²¸�~À%®�Y´Í½A2±ÎÍ¥ 
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NADPH NADP+ NADH  NAD+  Nacalai Tesque 

Sigma-Aldrich U-46619

Cayman Chemical Wako Pure 

Chemical Nacalai Tesque  

 
 

L-PGDS  
L-PGDS 1-24

Cys89,186 Ala ITC

NMR Cys89-186

65 Cys Ala

L-PGDS L-PGDS 

[15,16]

 

L-PGDS cDNA

WPI-IIIS GST(Glutathion S-

transferase)-fusion pGEX-2T(GE healthcare)

BL21(DE3) (Nippon Gene)

LBA 12 37 	

1 mL LBA 37 	

12 LBA LBA 100 mL

37 	 LBA 1 L 37 	

O.D.660 0.6~0.8 ( 3 ) IPTG

IPTG O.D.660 = 1.5( 4 )

) NMR 15N
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15N

M9  

PBS 40 mL

(10,000 rpm, 30 min, 4 °C)

2 (5.0 µm, 0.45 µm, MILLEX-HV, Millipore)

GST (Glutathion Sepharose 4B, GE healthcare)

PBS 50 mL PBS 50 mL

10 GST ) L-

PGDS PBS 40 mL L-PGDS

1 mL (0.22 µm)

Superdex-75(GE healthcare)

SDS-PAGE L-PGDS

L-PGDS  

 

ITC  
MicroCal iTC200 (GE Healthcare) L-

PGDS NADPH NADP+ NADH NAD+

0.2 mM L-PGDS pH 8.0

Tris-HCl (50 mM) NADPH NADP+

NADH  NAD+ Tris-HCl 5 mM

1.3 µL

120 29

25 	

)

  

Origin 7.0 (Microcal 

Software) 1:1 (Kd)
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(n) (ΔH)

(ΔG) (ΔS) (1) (2)  

ΔG = RT lnKd                                                                       (1)    

ΔG = ΔH – TΔS                                                 (2) 

(R T ) 

 

3

Table 1  

 

NMR  
NMR Agilent Technologies INOVA 600

1H/13C/15N Z PFG 27.5 	

FT NMRPipe (NIH) [35] NMR

NMRView [36]   

pH 7.0 Tris-HCl (10 mM) 90

10 0.5 mM

5 mM L-PGDS 4

1:0, 1:0.25, 1:0.5, 1:0.75, 1:1, 1:2
1H-15N HSQC

(CSP)

(3)  

 

CSP = Δδ*+	×-*+ . + Δδ+	×-+ .                             (3) 

 

ΔδHN ΔδN
1H 15N WHN 

= 1 WN = 0.2  

L-PGDS/NADPH

Table S1  
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NADPH L-PGDS

HADDOCK 2.2 (High Ambiguity Driven biomolecular Docking)

HADDOCK Web [27,28]

(PDB) L-PGDS

(PDB ID: 2KTD) [30]) NADPH PDB

PRODRG [37] NACCESS [38]

(solvent accessibility) L-PGDS

30% 

) (CSP ≥ 0.15 ppm) “active”

“active” “passive”

“easy interface” 1000

200

HADDOCK NADPH L-PGDS

) PROCHECK [39]

Ramachandran Plot  

 
L-PGDS/U-46619  

L-PGDS 20 10 5 mg/mL 5 mM Tris-HCl (pH8.0)

L-PGDS PGH2

U-46619 1:5 30

Kumasaka

Cys65Ala L-PGDS (PDB ID: 2CZU, 2CZT) [16]

Table 5 L-

PGDS/U-46619 (Fig. 13)  
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Table 5 L-PGDS/U-46619

15% 100K

SPring-8 BL38B1

1.00000 Å X Rigaku Jupiter 210cs CCD

HKL-2000 [40]

Table 4  

 

 
X Cys65Ala L-PGDS

(PDB ID: 2CZT) [16] MOLREP [41]

COOT [42]

2Fo-Fc PHENIX 

Program Suit phenix refine [43]

Rfactor Rfree 0.231 0.285

Table 4 Fig. 14  
  

Table 5. L-PGDS/U-46619  

 20 	 

  

 10 mg/mL 

 5 mM Tris-HCl pH8.0 

 1 µL + 1µL 

 0.1 M Tris-HCl pH8.3 

 2 M  

 14% 1,4-  
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Table S1. L-PGDS/NADPH 

 HN (ppm) N (ppm)   

Gln25 8.348 124.429   

Gly26 8.382 109.998   

His27 7.900 119.250   

Asp28 8.294 121.366   

Thr29 8.081 116.135   

Val30 7.693 119.354   

Gln31 8.460 127.207   

Pro32 # #   

Asn33 8.698 120.418   

Phe34 7.969 118.969   

Gln35 7.425 128.568   

Gln36 8.697 125.337   

Asp37 8.595 114.105   

Lys38 6.855 116.577   

Phe39 7.461 119.403   

Leu40 6.678 111.985   

Gly41 8.919 108.000   

Arg42 8.660 121.738   

Trp43 9.220 130.430   

Tyr44 9.710 118.024   

Ser45 9.058 119.291   

Ala46 8.810 126.418   

Gly47 7.896 108.068   

Leu48 9.097 125.067   

Ala49 8.841 124.124   

Ser50 7.198 113.853   

 HN (ppm) N (ppm)   

Asn51 7.755 120.262   

Ser52 8.218 116.302   

Ser53 - -   

Trp54 - -   

Phe55 7.170 121.306   

Arg56 7.842 117.247   

Glu57 7.631 115.949   

Lys58 7.585 117.131   

Lys59 7.477 118.454   

Ala60 7.930 117.705   

Val61 7.957 110.126   

Leu62 6.635 120.753   

Tyr63 - -   

Met64 8.792 121.427   

Cys65 7.868 121.450   

Lys66 - -   

Thr67 9.304 125.401   

Val68 8.957 126.583   

Val69 9.316 130.666   

Ala70 9.301 133.987   

Pro71 # #   

Ser72 8.043 117.833   

Thr73 - -   

Glu74 8.199 118.484   

Gly75 7.758 106.520   

Gly76 7.784 108.679   
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 HN (ppm) N (ppm)   

Leu77 8.340 120.532   

Asn78 9.407 120.036   

Leu79 9.277 127.068   

Thr80 8.897 121.615   

Ser81 9.472 126.310   

Thr82 8.845 120.815   

Phe83 8.861 124.899   

Leu84 8.545 122.366   

Arg85 8.584 124.062   

Lys86 - -   

Asn87 8.650 113.470   

Gln88 - -   

Ala89 8.511 126.137   

Glu90 8.781 124.001   

Thr91 8.411 119.676   

Lys92 9.014 126.088   

Ile93 - -   

Met94 8.992 127.671   

Val95 8.589 125.775   

Leu96 9.297 128.240   

Gln97 9.377 125.227   

Pro98 # #   

Ala99 8.137 126.919   

Gly100 8.016 108.550   

Ala101 8.093 126.883   

Pro102 # #   

Gly103 8.224 111.803   

His104 7.644 118.661   

 HN (ppm) N (ppm)   

Tyr105 9.283 122.998   

Thr106 9.503 112.687   

Tyr107 8.805 120.538   

Ser108 8.197 120.983   

Ser109 9.065 126.891   

Pro110 # #   

His111 - -   

Ser112 - -   

Gly113 7.941 111.276   

Ser114 7.866 115.910   

Ile115 8.276 123.217   

His116 9.257 127.782   

Ser117 9.093 117.702   

Val118 - -   

Ser119 9.075 121.232   

Val120 8.523 124.782   

Val121 8.363 128.837   

Glu122 7.169 113.559   

Ala123 8.710 124.478   

Asn124 - -   

Tyr125 - -   

Asp126 - -   

Glu127 7.969 118.825   

Tyr128 9.334 118.462   

Ala129 9.032 120.336   

Leu130 8.925 123.387   

Leu131 8.928 124.707   

Phe132 9.207 121.200   
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 HN (ppm) N (ppm)   

Ser133 9.075 125.237   

Arg134 8.663 120.981   

Gly135 8.169 109.662   

Thr136 8.551 113.342   

Lys137 8.086 122.326   

Gly138 8.504 111.714   

Pro139 # #   

Gly140 - -   

Gln141 7.966 119.639   

Asp142 8.418 116.988   

Phe143 8.208 121.813   

Arg144 - -   

Met145 8.574 122.149   

Ala146 9.795 132.415   

Thr147 9.191 118.226   

Leu148 8.401 128.539   

Tyr149 9.396 127.745   

Ser150 9.788 113.538   

Arg151 8.659 126.183   

Thr152 8.248 108.441   

Gln153 5.944 121.302   

Thr154 7.286 109.420   

Leu155 8.535 124.393   

Lys156 8.202 124.250   

Asp157 8.930 124.480   

Glu158 9.550 118.482   

Leu159 7.277 119.670   

Lys160 7.391 119.836   

 HN (ppm) N (ppm)   

Glu161 7.863 119.865   

Lys162 7.792 120.535   

Glu163 8.555 119.257   

Thr164 8.801 120.213   

Thr165 8.615 118.754   

Phe166 8.287 122.714   

Ser167 8.067 115.850   

Lys168 8.063 121.644   

Ala169 7.711 123.490   

Gln170 7.063 114.011   

Gly171 7.708 79.887   

Leu172 7.362 121.166   

Thr173 9.090 111.986   

Gly174 9.146 118.625   

Glu175 8.121 115.922   

Asp176 7.846 118.982   

Ile177 6.910 117.188   

Val178 9.233 126.182   

Phe179 8.686 124.907   

Leu180 7.499 125.818   

Pro181 # #   

Gln182 - -   

Pro183 - -   

Asp184 8.168 119.787   

Lys185 7.878 120.092   

Ala186 8.224 123.782   

Ile187 8.089 119.627   

Gln188 8.307 125.292   
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 HN (ppm) N (ppm)   

Glu189 8.080 128.455   

 

- correspond to non-available data due to weak peaks caused by signal broadening. 

# correspond to proline residues. 
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