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Lipocalin-type prostaglandin (PG) D synthase (L-PGDS) is a multi functional protein acting as a PGD, synthesiz-
ing enzyme, a transporter or scavenger of various lipophilic ligands, and an amyloid 8 chaperon in the brain. L-PGDS is
a member of the lipocalin superfamily and has the ability to bind various lipophilic molecules such as prostanoid, reti-
noid, bile pigment, and amyloid 8 peptide. However, the molecular mechanism for a wide variety of ligand binding has
not been well understood. In this study, we determined by NMR the structure of recombinant mouse L-PGDS and L-
PGDS/PGH, analog complex. L-PGDS has the typical lipocalin fold, consisting of an eight-stranded S-barrel and a
long a-helix. The interior of the barrel formed a hydrophobic cavity opening to the upper end of the barrel, the size of
which was larger than those of other lipocalins and the cavity contained two pockets. Kinetic studies and molecular
docking studies based on the result of NMR titration experiments provide the direct evidence for two binding sites for
PGH, and retinoic acid in the large cavity of L-PGDS. Structural comparison of L-PGDS/U-46619 complex with apo-L-
PGDS showed that the H2-helix, CD-loop, and EF-loop located at the upper end of the B-barrel change the conforma-
tion to cover the entry of the cavity upon U-46619 binding. These results indicated that the two binding sites in the large
cavity and induced fit mechanism were responsible for the broad ligand specificity of L-PGDS.
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Fig. 1. The Catalytic Reaction by L-PGDS
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Fig. 2. The Hydrophobic Ligands of L-PGDS
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Fig. 3. The Structure of Mouse L-PGDS (PDB Accession Code: 2E4)J)
(A) The final structural ensemble comprised of 15 structures with the lowest total energy. (B) Ribbon representation of L-PGDS (left: side view, right: top

view) .

(PDB code: 1EPA)

Fig. 4. The Illustration of the Cavity of (A) L-PGDS and (B) RABP

L-PGDS I3RS RS I DR DAY 2R
EHEBTHIENTEDENI Lo HE 2
D. WEMITOKE, TOEROD 1 D0 /NI
KD 2R DR EZ DEVIZH D T ENH SN
> 7=. L-PGDS D% & — WU RAY > 7 7
SY—YNIETHBVF /A VBREEY 2 IND
® (RABP) DZEf %z ik L - [X % Fig. 4 ITRT

L-PGDS D Zeiiid, 1816 A, X 17A, EX 8A
ThO, BAMEMAMIZHELZBIRTH > =
[Fig. 4(A)]. Zizx L, RABP OZEIZ, & 8
A, EX17TA, EX8ATHD [Fig.4(B)], L-
PGDS 12X, ZHRADAD DR KEIN/NE W,

< OURAY >T 7 I —%>2)N7'EIZ, RABP
LT, MIEWRROZERZES, ZTOBRICH
o BRI 7 (BHIEES L F /1 RIxE) &
BB ENFENTNWS &30 Lnl, L-PGDS
WBURAY Ty I—=F NV EDOHFTHRITK
EREMERE>TBD, Z0ZEN, LF /18
75 EOMIEWAR DBUKEK D T2 TR, EVY

IWEREYR)IVY Uis EDERWBUKEK S T O
WAZWRICLTWS EEZ 5N S,

4. L-PGDS D) 17> REEEEMIL

BNT, LF /A CEED L-PGDS B HiE M E
HRZFANDZET, VF /A B EBEMIEDHE
HTdH 5 PGH, DHEGHML D% L /=, Figure 5
A)ITRT LD, LF /A VEETIE, L-PGDS D
BRIEEZIEFAHEHEL, Lrd, TOMEEEME
(K) 1Z5-6uMFRET, L-PGDS &L F /A D
fEE (Kg=80-150nM) ZHENTIEHEIZTHN &N
bholz. ORI, LF /A CEBNEERE T
i Cys65 EI3HEZEAITHETH I &, T8b
5, LF /A UL PGH, DA HEBNERRD Z
ExERLTNS,

L-PGDS @ BN L )V NFEE D22 D £ O i iz L
F /A 2 E PGH, HEGT DN EiND 790,
NMRIZKBUHNREZA ML — 3 2FHE® L
AutoDock!® ZHW/UN > RRKyF o723
L'—3 3 >Zfro/. PGH,IZ, L-PGDS &l



1578

Vol. 131 (2011)

N

N

1/v (umol/min/mg)!

if’o 0.1 0.2 0.3
1/[PGH;] (uM™)

L A NN
B 2| WH
O-_-_ v
OH

3_
- U-46619 (uM)
2
=z 2 160
E
©°
£ 80
2
> 1 40
- 0

P " .
0 0.1 0.2 0.3

1/[PGH,] (uM™)

Fig. 5. Linewaver-Burk Plots of L-PGDS Activity in the Presence of Various Concentrations of Retinoic Acid (A) and U-46619 (B)
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Fig. 7. The Structure of L-PGDS/U-46619 Complex (PDB Accession Code: 2KTD)
(A) Superposition of the 15 lowest-energy backbone conformers of L-PGDS/U-46619 complex. (B) Ribbon representation of the L-PGDS/U-46619 complex.
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Fig. 8. The Surface Structure of L-PGDS/U-46619 Complex
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Fig. 9. The Superposition of apo-L-PGDS (white) and L-
PGDS/U-46619 Complex (black)
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