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ABSTRACT

Phospholipase D (PLD; EC 3.1.4.4) is an enzyme that occurs ubiquitously in various
organisms including mammals, plants, yeast and bacteria. The enzyme catalyzes two
types of reactions. hydrolysis of phosphatidylcholine (PC), a major substrate of PLD,
to phosphatidic acid (PA) and choline (hydrolytic reaction), and transfer of polar head
groups to others (transphosphatidylation reaction). By using transphosphatidylation
reaction, PLD can convert to functional phospholipids from abundant phospholipid,
PC. For example, PLD converts to phosphatidylserine (PS) from PC with serine
molecule. Recently, PS is known to improve memory performance in patients
suffering from age-associated memory impairment or Alzheimer's disease.
Therefore, the transphosphatidylation activity of PLD is focused as phospholipid
modification catalysis. However, PLD cannot recognize all type of substrate and it is
limited some kind of substrates. Thus, the improvement of PLD substrate specificity
should be necessary. In our laboratory, we have already identified the Actionmycetes
strain, Streptoverticillium cinnamoneum, which showed the high PLD producing
potential. Then, we have determined the gene encoding this strain's PLD, and
constructed the recombinant expression system of PLD in Escherichia coll. In this
research, PLD catalytic function was investigated by using this recombinant
expression system. As a result, some mutants, that were substituted with serine
amino acid at 215" and 216", exhibited high transphosphatidylation activity
compared to wild type PLD. Additionally, the small conformation change, which
altered the catalytic properties, was observed by combining the structural prediction
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software and these mutants library. This portion, which consisted of one flexible
loop, is very closely related to the putative catalytic center, and behaves like the lid
structure of catalytic center. From these observations, it seemed that the catalytic
function was dominated by the loop structure conformation. Therefore, we will try to
investigate relationship between the lid structure and the catalytic function in near
future. Soy Protein Research, Japan 8, 50-55, 2005.
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B3t U TR A B & 1) > FEFEHERS SUG % filt
ﬁ%‘% (Fig. 1). V vBEEEKICEFHT 5 2 tf
RIS VIRER, FBl) VIRE OS] 6E
B, & 2 CHUME Streptoverticillium cinnamoneum
25 EE L@ v ISR SO % 473 A PLD
Wt LT, T L TS T T RG2S
% HPLDZAIR L, V) VIREOMRARERET 5.
LETOEYFHRKPLDIEO T 3/ BRECHNIZ LA
ENTWBET I/ EERHIL 4 EFTfFE L T b (Fig.
20T ~N)Y., ZLTCEDH b2 MEAr (FEIF 1
ENV) IFIEE LT I BRAASFEL WD, Z
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SR & N HxKxxxxDIey) (HKDEF—7) LI
PLDEEEGMEICHATH 2 2 L MbNTw5Y, F
72FNFNOHKDEF — 7O FiiciEzr) v - 7
V3 r (GG) =F—7,k 7y -y ¥ (GS) &
F—=IDPHHET LI EBWHLNIIR>TWD (LI
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Fig. 1. Reaction scheme of PLD.
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Fig. 2. Multiple alignment of various PLD sequence.
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Fig. 4. Construction scheme of mutant pMAL-PLD plasmid.
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Fig. 5. CD spectra analysis.
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SRR (G215S, G216S, G216S-S489G) 1274
RO o7z, XD, EiEEZERARIZIZPLD
BEHED a )y 7 ARBANT Y FHPET B E V-
TRERBAARE 572D TlE% L, 72 AL DEME:
HULOfEIC RIS 2 8800 7 3/ BEO I 7 4
EWEN Lo THLEELOND., Tz, BUEN
Mg A o B S22 miEE (Tm) XV, @SiEhe
BREIOCTROBFAEML ) bFPICEmViEEZ RL
7o, MERE (Tm) PLEF L&V ZEIdAH
BOREWDNME L W) 2 ETHDH, BiftLR
& (G215S, G216S, G216S-S489G) D T—FE\»
T % R o 72G215S S —F i WAEIRE (Tm) %R
L2 ehs, WIGHERARIIETFAT L TSRO
LMD B L7z 7 DI BERIG AN B L2 L E RS
na.
ZREAPLDT 7 XX FORE

R APLDOIE A ORI, pMAL-PLD7 5 A 3
F % B, MIREEHEEcoR I & Hindll TRLELL 7 74
0 — ABXIKETHYOBANI N Y BN L I & %
MRS HZ L Tlro/z. THO—ABKIKENE, 74
O— A7 VI Y TV ERT EFTEIRKEVEWS
T EREI BB EAEL & 5 2 L 27 LDNASE %
EESTHMTA2HETHAH. THIZL > THEADRER
AN A MPMAL-PLD 7 5 X 3 Fidv —4 v A
MR EAT, 73 BEREZHEREL 72,
PLDEZE DER{F

PLDI#FE DO FHOTEFRIISDS-PAGE% I\ 72. PLD
BEFRIIMBP7Z A E AT AHEE LTRIHRT 572
HFDHFEIFOKDE R D, ~v—h—, B, 2
FAR% IS LPLDEE R O % B A i L 72 (Fig. 6).
BEREMEOBRIE

D= Y RIS K D BREDTRS b NIz 4 FEEOZERK
PLD% vy, PSEKICTY v BFEnR SOCih M % thik
L7z, TLCO#ER, D5 5D 3 >nZEEk (S413N,
S417T, S417A) &V VEERREB L b 6, 5%
DD 1> (S417TH) 13 ¥ BRI SULASE LT

Table 1. Tm value of W.T. and three mutants

Tm (C)
W.T. 60.8
G215S 63.0
G216S 62.0
(G216S-S489G 61.9
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HIEPHERSIN, F/oa) v AT 7 —HEHlE L
D, BAERE ) VRO R A L T b 3
B DR (S413N, S417T, S417A), mists A+
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HAL (U/1) %l L7z (Table 2). #O#fE%, LidsH
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WEERIE R R L7,
AR BEZ M D BIE

THIA RS ERRZ TPID Ak % 3 72 AYHIIE BT
EDOBERMLLPIZER T 5 2 LIETERh o7z,
AFBETFAER

B L7 4 8 oZERIKIZO W TMODELLER
ver. 7.7\ TR Tl & 47 - 72 (Fig. 7). Z OFE 4,
w25 bt E A L7228 %4k (S413N, S417T,
S417A), JiE L7288k (S417H) 382, BRI & 1
N CLIdFEBEAE R L Tz, Bl #4AG21551F
LidfHI 2D ¢ I/ LT b 2 E MR S Lk

M 1 2 3 4 5 6

- i
GAKD e — e —
MBP-PLD

63 kD | ==
47kD | - -~ ‘_

M: DNA marker 4: S417T

1: W.T. 5: S417A

2: S413N 6: G215S

3: S417H

Fig. 6. SDS-PAGE analysis.

F A0 LA ERAR (S417H) & G 28 K
(S413N, S417T, S417A) TRRLIAEHOIE KD K &

SICREREIROSN o 72708, BHEOEKKZ L
h?ét?¢ttﬁﬁWim®@+ CHRTEAIIA
Mo TR & B 2 J:fJ‘TE\f(LK.

ZZT, GG/SEF— 712k YL ZEA LGN
A b L 7222 5 ARG215S, AR CIER L 722605 L 72
LERSAI8H, 1ETEAMET L 7248 84RS413N, S417T,
S417A L, S5 ICE AR (W.T.) OV AR EZ
MODELLERIZ T#fT L HLEL L 72, 205, Kk
Mo HIELEA LR (S413N, S417T, S417A),
Jlf L 722 Bk (S417H) BICLidsE e R L Tw
72, RIS BARG215SII Lid sE I S AR I I Z e T
MihLTWD ZEDPHERIN TS, Tk LidH
BORKIEOLTNTH > THBEREMEICELEL RIT
F LWz A, TIUILIAEBRAEE R LR~ 0 LY
O AAZHELTLE I NS EEZLNA.

Table 2. Comparison of PLD activity

S417T (Low activity)

Y416F (Low activity)

Fig. 7. Structure prediction of various PLD mutants.
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Enzyme Protein Specific Relative
activity concentration activity activity
(U/n) (mg) (U/l/mg-PLD) (%)
W.T. 49.65 9.78 5.08 100.00
S413N  18.33 9.46 1.94 38.19
S413T  19.06 7.84 2.64 51.97
S413A 45.81 9.37 4.89 96.26
Y416F  0.69 8.15 0.08 1.57
S417T  2.66 8.20 0.32 6.30
S417A 19.16 8.79 2.18 42.91
G215S  35.66 4.06 8.77 172.64
S417H (No activity)
KE27-ABEME Vol 8(2005)
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