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(FRR6F6AISARM, ER646H208FH)

B B

YV REAYSA—F (LPL) SMPHEiEz2 mASET 28R TH Y, ZoEEETaES
MEREIAMEDRE & 72 5, WH, ABEREMHETORES L THERE LPL ofFESRHE
N, TOBERFRIER XY BEPMHEBIHIIEDIEERATIRE L 42 o ERANSHRE s, Z0
T 57 HHERE LPL & R LIAE L BT 5700103, LPL MBSO B & A
T ARERHD, FPETIIE b LPL RSB0 M &L EEROEEIC OV TRE L,

Y R—ERIEOREEIE, KICEFBERLARETI TR WEE L 0BGV Z &
ThB, LIchio TRERRT 27 M QKRR B D 5 B R OB, REVWRT 5 R
%50, BATOIMERTRATVDRLELIDND, ¥z, — &I U N —E3FEOEHIEN
BT 27 VKMEENE (lipase {&EM) DM AKEEOEHIENTEE = 2 7 V/KARIEYE (esterase &
M) o, AIFE T3, LPL A eRERENL & &R0 & 2 5 ICHEL, TEMEFROMSEEI este-
rase EHETE =S ~TERZ LV IBEETTVERE LB T,

bt b LPL ¢cDNA »HEIBE &z LPL i3, lipase {HM: (triolein /KFEEME) L esterase
M (tributyrin KAEFEM) 2F Lz, £ triolein AKMEFEMIZ tributyrin #IIC X VIET
L7z, —J, LPL o tributyrin /K##E{4T triolein emulsion FEMic X ML, Zhix
LPL MeERE L &S LIcRTEEPOICBERMEPE LD THY, Vb d interfacial
activation L BX bivic, T OIBEH ) S —CIEMRRICRI T EEELH H2ICT 5720, LPL
BH% trypsin 0B LIRET L7c, LPL % trypsin AL¥ L T4 tributyrin KEETEME & JRERLF &
DREBRERIFREEN T W, L2 L triolein IFANC L 5 tributyrin KAEEME LA KIS EHbH
¥, triolein AKMEEMITERD St o7, LLED 5 interfacial activation (% lipase T&MEFEIR
CHERBREE EZ b,

WITTEHE P OREE O RT 2 R LPL 2 ER LR L 7c, EEPORMo Y S—E &0 1 ki
EOWE D5 serine (Ser, S)182 PEE LIPS T3, D Ser!® % asparagine (Asn,
N) & glycine (Gly, G) IZEH# &€/ LPL >V THEH L7z, LPL-S132N (3#B{KLLEY
REALDORESIBD SNIDS, triolein, tributyrin KEEEMHKICE D S o7, LPL-S
132G % triolein, _tributyrin AKEEM VT L wild type LPL RIZICH LT e, BLERrG
LPL o Ser® @igEfims oS ICEHEYY, EEPLCL-TEELEbh, Ll
Gly L THIERRFEREND Z BN LR o,
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Asn, N: asparagine, Gly, G: glycine, LPL-S132N : Ser!32 # Asn [ZEH#L
78 LPL, LPL-S132G : Ser!®2 % Gly ic@B# L 72 & LPL

1. &

Yy REHY —+ (LPL,EC 3. 1. 1. 34.) I3J§
BAAEER, O SH CEE S h BB N R R E
IZE#Eh, #Z G chylomicron, #B{EHEY K&
H (VLDL) oF#fEMKELITOBETHDY, K
RIS & 0 FH & vz FERGER A PR BRI M © —
INX—F 3RS IC 52, —F, Y REAMNR
chylomicron #* chylomicron remnant iz, VLDL 23
MHEYAEBEACEBRINS, LizHh-oT LPL
FRFE L E Licz X F—RERB LY FEARS E
HERRBHEZEIERTHS.

LPL EMPMETT 5 & &P HERITMIES Bksh,
BRI L AMBRERBET D LPRMObNEY, &
HETORREE: L TEEEAKXIEY, HOHEY, MR
ThBHTHR CI ORBEHVREVRMONDD, SLIE
EEARRIEECD Y ¥ oEEI RO b wEER
# LPLAYFEELHELMICERTV 5, FICHREICE
T35 HAHEFTIRY, YVARBEREEOESREICEERN
b BiHEMDR LPL AR EH, ZhicstL TR
B ABARMOMREEL S Z Lic X VIEHSEE LS
PR IIE D IRED A RETH o 120 Z L WEShT
Wb, £t E bic LPL BreREESE RE L, BHE
PRIz, ¥7 LPL oOEHERBEEELH
LT INENRDD LB, RiEITo7.

LTAT, VA—ERISRAKICETTRELZERL 72
BEEHCHT ARG TH B, EEFOLOBEELIIMCE
BYHRT 5 AECEST 5 BEFPSEL ShD, £
BY R—ERfFY N— e TR KBEEDOEETH
% BB = 2 7 NV & KT BRI (esterase &)
PETHZ EPRmBRATVBIY, Z D esterase FEMEIL,
KPCREEZFER L2 CEE KBS HEET H 5
O, EHEPOBREY KT 2 L Exbh 312,

Sarda & Desnuellel®:¥) 7 #Z Y X—F % HWE
B triacetine RFFR A FAOBPEEFDH TV L IV
EIET B IRE CRIRICKAEESEMLIcZ L2 b,
EERE L ORRICE Y BRIBEELERS Z T ¢ &
%, ZH % interfacial activation LBEATS, 43I
LPL 3 ) VIBBRY 7 VAT 5 L esterase FEHED
WA 24 b, interfacial activation D 7= LS
11(\512)0

Ex#ZEL, £ b LPL 0BgEEF LD 1oL LT

il

UTnZ L&z, RilFdziticl ik, ¥ bbb
LPL FREAE% B LEET 2 Rm ks & & %
POLEJNICHE L, BiEOBMEREEHET, BEOBIER
SEGRRSHAER = % 5 )L tributyrin JKIEEHCE=F—L
5L vHbDTHD, RHETIEHELIC, LPL LJE
BHE & ORAPEEPOEE SR R TR gL
ZTOBRBERI L.

LPL o@E#hifEEicovcix, By —¥w, §
Y A= EOD[F Y N—E N B ) S —F L [FERIC,
Glycine-X-Serine-X-Glycine & Vv 9 B % (GXSXG
motif) Z &t b LPL $§&218,19 7 L)%, Serine A
HERLELTHEELEZ LR TS, 22 TAFET
%21z, & b LPL @ serine (Ser, S)!32 MEEMIRIR
R THREAZHLINTT B8, Ser!s {7 I )
BicERLER LPL #ERI UM L.

II. EBR#HHEHE

HEERPE: £ NUREE U S — ¥ (LPL) cDNA
(LPL35) % Dr M. C. Schotz (Veterans Administra-
sion, Wadworth Medical Center, Los Angels) X bt
L&hi®, COS-1 ik H AN ABIFERER
X yftEahic, HIRERIEBEEML (Ohtsu, Japan)
I WAL, HAM-F12 ##i, Waymouth’s MAB
87/33%5 i, 4R MIE R X 0 G-418 & Gibeo #t
(Grand Island, NY, USA) X YA L7, Methio-
nine JEEA minimum essential medium (MEM) %
HAAKpPE (Tokyo, Japan) X DA L7z,
Sepharose, Sepharose 4B & Protein A Sepharose
X Pharmacia f#+ (Uppsala, Sweden) X A L7z,
FMFT VT IV
free fatty acid free) & trypsin inhibitor (soybean)
% Sigma Chemical Company (St. Louis, MO, USA),
a-[33S)dCTP, tri(14C)oleoylglycerol (112mCi/mMol)
& tri(#Clbutyrilglycerol (39 mCi/mM) & New
England Nuclear Research Products (Boston, MA,
USA) X v A L 7z, L-[#S)]Methionine (600Ci/
mM) B LV Amplify™ I Amersham t: (UK) X
YA L, v¥FH=9 Y IgG Hiffix Cappel
Laboratories (West Chester, PA, USA) X v@AL
7o iy LPL HiffiEf4I 12 LPLY %=
7 b IARELTER L, Zhide b LPL 23887
55D Th-1222, VLDL 3EFEEME» > Havel

Heparin-

Triolein, tributyrin, (essential
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% 1. Site-directed mutagenesis ® H# T{ER L 72 oligonucleotide

mutation

oligonucleotide

wild type
Serisz —Asn

Seris2 —Gly

5.CCATCTCTTGGGATA CAG TCTCTTGGGATA.3
5.CCATCTCTTGGGATA CAA TCTCTTGGGATA-3
5.CCATCTCTTGGGATA CGG TCTCTTGGGATA.3

LD Y AVTHERL 2,

LPL oI LR : LPL X, v + LPL cDNA %
CHO #MifgE7zix COS-1 MR E, HEET
AW ERZLOEFREHL THY ., FK I vector
pKCR2 # 7z, CHO #iffg~ transfection iX plas-
mid DNA 10 pg &38R vector pSVz neo 1pg  Hv
TYVBINY T AEBESC X V{Tol, LPL EA
iz G-418 oftEHEfEE L LT&R L, COS-1
WAzt 3 transfection |3 DEAE-dextran #:20 % F
Tz,

LPL 0}8LIBIRDBE#E S  heparin-Sepharose
4B L 4°C 128 incubation L, gel #0.4M NaCl/
20mM Tris-HCI (pH 7.4) iz TEH%, 1.6M NaCl/
20mM TrissHCl (pH 7.4) izX W#EH&E ¥ THi-o
Feon

LPL ¢ immunoprecipitation 33 X (8 SDS-polyacry-
* lamide gel FBER¥H (SDS-PAGE) : Transfection %
7o7 CHO #}% 100 cells/60mm dish C24Rs I3
L, X 5IiZ methionine free MEM #5430 s &E L
71 [%S) methionine (180xCi/dish) #¥HEM L7z,
o2 K% oERRIC =Y bV HEINVs LPL Hifk,
vHXHi=u VY IgG HfEKRWVT Protein A Sepha-
rose #Mz, (3°S] methionine TRV ENI-EA%
wEEE, ZoWwBEEARE SDS (10%)-PAGE %17
WKBIE A L, B Masuno 520 D5 EEICHE
Lz,

LPL #tEDHIE : LPL o lipase #EMEi% triolein
(trioleoylglycerol) #HE L LT ABEEZ HIET 5 Z
LIZX VRO, RIENHEIT tfi[1—“C]oleoylglycerol,
(0.0334Ci), triolein (330pg), 0.02% Triton X-100
2%47 073y, 0.1M Tris-HCI (pH 8.4) & &F
L, Bl UCHERNR E 7oty LPL L IE% 25,
N EE250p L Uiz, 37°C T604y[ incubation
L7, HEHEEL 7 (1Cloleic acid % Belfrage &
Vaughan®® oFETHEGEEL, W& FLr—v s
VY v —CHETERE TR L, AMEYE & B L
7o o

‘LPL @ esterase J&#iZ, tributyrin (tributyrilglyce-
ro) #EEL L TAMEZIETS C itk VY kD

729, KENEE tril 1 -4Clbutyrilglycerol (0.0254Ci),
tributyrin (1.0mM), 1 %427’/12-7": v, 0.1M Tris-
HCI (pH 8.0) ic LPL %Nz, & 400 & L7z,
37°C, 6053RD T incubation L, KfE&hic tri-
(1-4C) butyrilglycerol # Belfrage ¢ Vaughan® o
FHBICHEC T L, BEEEZIEL 72,

LPL o trypsin A3 : LPL @ trypsin i & % {&#fio
7o, ¥ LPL (40nM/h esterase) % trypsin (0-100
¢g/ml in 0.14M NaCl/10mM Tris-HCl (pH 7.4)) &
37°C, 107D 4f< incubation Liz, Zhiz try-
psin L% E D trypsin inhibitor # /1% T trypsin % %
HEEEEDL, EERIEI A,

LPL & VLDL :ofi&so#af: LPL & VLDL
L DFEBREDRFHE Sepharose 4B # V7= A IRE
HICL DT o7, HF A% A X1 X25em @ Sepha-
rose 4B 5 AL%30% 7V tr—nEH0.14M NaCl/
10mM. Tris-HCl (pH 7.4) TE#HL L7zt VLDL (2
mg/ml) ¥72{% LPL (85nmol/h esterase) 7 75«
L, 30% 27U tw—,-+0.14M NaCl/10mM Tris-HCI
(pH 7.4) Tlem/15550EETHEM L, ZoRstT
@ VLDL {3280nm THOWE %, LPL i tributyrin

OKARERER SRR Ui,

ZTHE LPL cDNA ol : e b LPL & Ser!s? %
Asparagine (Asn, N) & glycine (Gly, G) wE#L
7R LPL cDNA ofEfiliz Kunkel Hiz k% site-
directed mutagenesis ¥ 2 L o7z, TEDIZHDDERR
oligonucleotide {33 12K Z & < Ser'® (CGA) %
a—F+58oaeEH, ThEh Asn (CAA) & Gly
(CGG) kk=a—F+3X9icLEH oligonucleotide
RV, ERLEER DNA OHEERFIOMERZ
Sanger & DFEIC Xk oz, ‘ ;

LPL BEREREDOHEIE : LPL BEHREAREIE Goers
Evﬂ)jﬂﬂﬁ‘“’ IZ#E L anti-human LPL monoclonal anti-
body & anti-bovine milk LPL polyclonal antibody
# 7= sandwich-enzyme immunocassay iz CHIE
L7z8), o

%% LPL & VLDL L OGRS : LPL £k
% LPL L REHE & DR TR WA 5 BT R
#10ng # VLDL (500mg/dl triglyceride in 100gl) &
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Cell Cell Medium

non-transfected transfected

K 1. LPL cDNA # transfect L%z CHO #ifg
Bk o [(3S)-methionine-LPL » SDS.

PAGE BT R
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Culture Time (h)

& 2. LPL ¢cDNA #% transfect L7z CHO #ijg
B WP D triolein I & U tributyrin 7K fi#
EH (O, MiBEREME ; @, MFEHRME)

37°C T1043# incubation L, 500xl @ 0.14M NaCl/
10mM Tris-HCl (pH 7.4) 2 ®EL 7z © 5 10°C,
150,000 g T 8 B¢f#E L, FE» LPL ZEEEZ I
Bl %¥o LPL EARKLDEL VLDL LFE
L7 LPL BEHEL L7,

|
= 100@-
=
=
3
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2
N
> 50t
:;; o
F *
©
&
1 \_. 6_‘
0 0.5 1.0

NaCl Concentration (M)
B 3. tFr LPL cDNA # transfect L7z CHO '

MR REF OV A—EEMH I KET NaCl
DREFFE .

1. # g

(35S])-methionine-LPL @& SDS-PAGEFTR (1) :
t F LPL ¢cDNA #% transfect L7z CHO #ijgiz
[33S])-methionine %% 2 B§fi> incubation 1%, X%
WEBERLI LPL fifk, vy =9 bV IgG #ilk
OV T Protein A-Sepharose # JHIC KX ¥ L&Y E
ER L7z, Z oo SDS-PAGE 2179 &, 4FE
#158kDa DBz radioactivity 2338® biviz, FE
fREEHRIC LEED radioactivity 233® bihviz, Hifko
iy be —VlERVEE T Z O radioactivity
Bl LN o,

LPL ¢cDNA #% transfect L7z CHO #ijuissguk s
@ triolein B XUV tributyrin JkEEEM : ¢ v LPL
cDNA % transfect L7z CHO Mfa¥:sie iz i3
OEMc L v EH 5 triolein KEFEMENED b,
RIS A b e (K2), #EME pH 8.0THEX
EHEERL (F—4#%4MK), 1M NaCl TELICHH&
nie (M3), ¥z niEkk=v bV Hi4Ivs LPL
HEERMT 2 LHfla e (F—7418). Zhbh»
5 Z @ triolein KEEFEMZ FoEEHRIX LPL THB L E
z blc, Z DEEFEWE % heparin-Sepharose & incuba-
tion F5 &, triolein KEREMIIHEASL, 1.6M NaCl
THEHPEBED bz, T OESTIE triolein KAETEM:
L —ELRT tributyrin KEFEMESRB S (X4
A), &51lZ Sepharose 4B column % fi\*T column
chromatography # 47> T b WiEH F—HEHSIC—ED
kgcEtanie (R4B), by omiEkR— B
FRRIDEELLN.
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_ Transfect L7z CHO #Mifgis3¥E L incubation U7 heparin-Sepharose ®0.4M NaCl &

YU 1.6M NaCl XV BEHERZE7 T2 v s >0 triolein AKEEHER X O tributyrin
K#EHEM (A), LPL W4y ® Sepharose 4B column #% fiv 7z column chromatography iz
r35%475 73 a0 triolein KMEEMS X U tributyrin KFEEE (B),

L]
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Tributyrin Concentration (mM)

B 5. LPL o triolein A izt 3 3 tributyrin
DM F ‘

LPL 0 triolein /KfEIEMEICX S 2 tributyrin DM
% (D5): LPL FRAMEREN S M & b7
LPL o triolein 7KfEHEMX tributyrin ZMMx % L&
EEERICIKTL, 1mM tributyrin #EIMTIZ92% D
IMEIAFED L,

LPL o tributyrin /KEEMEICHT % triolein emul-
sion OFEMEIFE (K6) : ERoE L d#ic LPL o
tributyrin KETEMICHT 5 triolein DIRIEIR % HE
L7z, Tributyrin KfERE#%Ic Triton X-100 TH.
{fE Uiz, triolein Z{FEMNT 5 &, FMBIEKFL T tri-

_ 500}
@

8 a0}

5

2 300

>

5 w0t
=

2 e
o

ow . 1

1 1 1 1
0 0.2 0.4 06 08 1.0
Triolein Concentration (mM)

6. LPL o tributyrin A& c % + 5 trio-
lein emulsion D M%)y R

butyrin KIEEMEOEMA A Hiz, Triolein 1 mM T
34 5fFDEHETH o 7,

LPL o triolein /KfFEME & tributyrin KAHEMEC K
¥4 trypsin WLIBOEE (X7): LPL ZH#% trypsin
WMEBL, ZOKEENLZFE L, Trypsin 50pg/dl T
riolein FKFFFEMEIZI0%IET L, 100pg/ml TIXFERIC
Mgl s iz, Z DR, trypsin 4LE LPL ¢ tributyrin 7K
fRIEMEE trypsin 100pg/ml DT HRIEE I, 70%
BEL T, £/, trypsin L3 LPL » VLDL i35
S s Rl triolein® CXH B AMEEEE b INHEIA B &
H, 100pg/ml TiELicImflEh (F—2EK,

Trypsin L3 LPL @ tributyrin /KAEEMEICRIET
triolein emulsion DOFEMENE (K 8) : Trypsin JLHE
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Relative Activity
S

0 50 100
Trypsin Concentration (pg/ml)

& 7. LPL o triolein Kf#iE1%E (O) & tributyrin
KETEYE (@) IKRIiET trypsin MEOEE

5001

400}

300

200

100

0 /

triolein - + _— +

Relative Tributyrin Hydrolysis (%)

trypsin
treatment
X 8. Trypsin #4¥ LPL o tributyrin /K##E
2% &+ triolein emulsion D% R

—_ ’ +

(100pg/ml) L7 LPL 22T triolein emulsion
T X 5 tributyrin KEHEM EFERE R L 72,
Tributyrin KERIEKIZ 1 mM  triolein emulsion #
Mz CHRME LPL THOLNT tributyrin KEREME
EREFEH b2l

Trypsin BB 7i3kE LPL ¢ VLDL :toof
&8 (E9): Trypsin 4L# LPL ¢ VLDL & ofEd
% Sepharose 4 B gel filtration 2 & Y #&&tL 7%, LPL
% Sepharose 4B » 5 L TCHEHEE/E, tributyrin
KIBEMIZEI3T 5 7 ¥ 5 vic&ahie, %7 VL.
DL # B CHIHEED L6, 7777 v a Vici@o
bz (A), LPL & VLDL #37°C, 104 prein-
cubation L724%!c Sepharose 4B % 5 ACHHE¥ 3
&, tributyrin JKERTEMEEISY & WOGE280nm D E— 2

*——eo

—Q

(hydrolyzed tributyrin nmoles/ml/hr)
Absorbance at 280 nm o

Tributyrin Hydrolyzing Activity

5 10 15 20 25

Fraction Number (1ml/tube)

K 9. Trypsin AL %723 K4#E LPL ¢ VLDL
@ Sepharose 4 B gel filtration
(A) VLDL, LPL # MM CTHHLERORE
W7e 74 —n, (B) R4 LPL & VLDL
% incubation U7z4%IC apply L7z & &
W7 74—, (C) Trypsin L8 LPL
¢ VLDL # incubation L 7%iC apply L
&EDRMI w74 — 0

BkicEE6, 7757 va @B ohik (B)o —F,
trypsin JLBE L7z LPL # VLDL Y [E#DEHEE pre-
incubation U721z Sepharose 4B % 5 ATHEHE ¥
% & tributyrin KEEHEOEC -2 ZEBBT T IV 3 v
ZEHd i (C), DA ED S trypsin 4B LPL i35RA%L
¥ LPL L[#k, VLDL LofERERRLEZ LR
ol

Site-directed mutagenesis iz X VERI L 72 5 R
LPL cDNA oO#EH#iES : LPL @ Ser!$? % Asn &
Gly icB# L =ZE LPL cDNA OHERMZHERIL
TR MI0ITRT . BR DNA oFdia FroliE
Bt wild type ©» LPL ¢cDNA » CGA %L T,
Asn ~0ZE LPL (LPL-S132N) ¢cDNA Tit CAA,
Glycine ~»ZEE LPL (LPL-S132G) c¢cDNA T
CGG THBZ LMmEREnI,

Wild type 36 X 058 LPL cDNA # transfect L
7z COS-1 #pass#wEH o LPL FEAE (F11) : Wild
type LPL ¢cDNA % transfect L7z COS-1 gk
%Eo LPL BEHEEE2.8pg/ml Th-o7z, LPL-S
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Wild Type

G ATC

Ser'32 — Asn

A 645
T A
AITyr131 T
c AlTyr13l
C
g Gly 132 A
8 Y # A| Asn 132
c AGcC T Cles

K 10. Site-directed mutagenesis ¥ic & D fEM L 7<% R LPL ¢cDNA o Ser'® WA oEMES)

4

LPL mass in the medium (pg/dish)

B 11. Wild type 3 X 0% R LPL cDNA %
transfect L7z COS-1 {ﬂﬂ}@i%%?&qﬂ »
LPLEHE

132N ¢DNA # transfect U7-fIBEZIE Tid2.9¢8/
ml, LPL-S132G ¢cDNA #% transfect L 7ciifaisigyR
TiX3.2ug/ml ThHoTz, Transfection ¥ T o7z
WM & F6 3] vector pKCR DA% transfect L7zffifd T
1136120. 1pg/ml T o7z,

Wild type 3 X1 LPL ¢cDNA % transfect L7c
COS-1 Hpassskugo trioleinAkfigiEl: (K12) : Wild-
type LPL ¢cDNA % transfect L7z COS-1 Hifiass#®
W triolein KMEEME, wild type TiX25.8%1.4
M FFA released/dish/hour (_l:t?E‘TEQ.ZiO.Sr_lM/ vg/
hour) Tk ok, LPL-S132N c¢DNA % f\icE &
0.3+0.2¢M/dish/hour (0.1+0.1zM/pg/hour) T
57z, LPL-S132G cDNA #% fj\7c#438.4+2.6uM/
dish/hour (12.0%+0.8uM/pg/hour) T -7z, Trans-
fection % T > ML TX0.2+0.2 xM/dish/ho-
ur, pPKCR M %% transfect L 7z #1H21%0.2£0. 2eM/
dish/hour Tdh o7z,

50 —

40 |

30+

(umoles FFA released/ dish/ h)

10 | | /

Triolein Hydrolyzing Activity in the medium

7
0 %,
2 <> (]
S & & &8
& > ) o
& & & ¢
R U
e@
mean=SD

B 12. Wild type 3% % LPL ¢cDNA %
transfect L7c COS-1 Hf##IK O
triolein 7K % &

Wild type BXUZER LPL cDNA #% transfect
L7~ COS-1 #mparzsgwko tributyrin KEEHE (K
13) : Wild type LPL ¢cDNA # transfect L7z COS-1
WO E RO  tributyrin KAETEHEZ308£16.8nM
tributyrin hydrolyzed/dish/hour (1106 nM tributyrin
hydrolyzed/ug/hour) T o7z, LPL-S132N ¢cDNA %
V72484 9 + 6 nM tributyrin hydrolyzed/dish/hour
(3 = 2nM/pg/hour), LPL-S132G cDNA # i\ 73
£13390+38nM tributyrin hydrolyzed/dish/hour(122+
12nM/pg/hour) ThH o7z,

Wild type LPL 3 X1t LPL-S132N ¢ VLDL %t
+ 2544 (%2): Wild type LPL 9.56ng/tube %
VLDL & incubation L, 0.14M NaCl EfE, #E&il
#%icBohic VLDL & L7 LPL &HL5.57ng
Tdholz, LPL-S132N 10.00ng vzt &, &
L7 LPL E[H%6.52ng & wild type LPL :[F%T
b oTc, , . ‘

Wild type 83X UOER LPL o tributyrin JKAFEME
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2B T DEEDOEERR (scatchard analysis) : LPL-S
132G & wild type LPL & tributyrin KEETEMEC IS X
ETHREBEORBIZOVWTRMLAERESZK 4A

500

400
<

300

200 |-

100

(nmoles Tributyrin hydrolyzed/ dish/ h)

Tributyrin Hydrolyzing activity in the medium

meantSD

B 13. Wild type £ %% LPL ¢cDNA %
transfect L7z COS-1 MpEERK O
tributyrin KT ¥4

# 2. Wild type LPL % X ¢t LPL-S132N ¢
VLDL ¢ o#Ee okt

Wild type LPL LPL-S132N
REA 9.56 10.00
TE LPL 3.99 3.48
& LPL 5.57 6.52
(ng/tube)
LPL(Ser'32=Gly)
= 150
o
3
3
Q@
E 100
E
&)
50 ‘
Wild Type LPL
{ | L
00 0.5 1.0 1.5
(s) (mm)

s

FT. ZOAEICES L Lineweaver-Burk plot %47
> Te &% K14B 12573, Tributyrin Az 2 V
max % wild type LPL ©127nM tributyrin hydroly-
zed/ug/hour, LPL-S132G Ti%164nM tributyrin hy-
drolyzed/ug/hour Toh»7z, %7z Km it wild type
LPL <0.31mM, LPL-S132G ¢i30.20mM T -7z,

IvV. % =

U N—ERINE, KICET ZEBEERAICARE D hi g
Wiz ks B+ 5 BHMERIETH 5, Thabb, hifs
PR camiEtEo v CEEST Ry REATED
NTAIBE DS NS 12D, AHO Y A— ¥ EERE
ER LD BbIEIENThbhE, 22 T) A— ¥
TRBRESCERREIMCL, HEREEECREE L
BELORAIVEERFICR S, VREE L OKSE
T2 BIEMELMET LcHBERY LPL OfEfEk &b
5%, LPL LRERICY REH L OKAPEELEbh
B, £z, VA—FIREIEERE L ORBAE, BEEA
HEMBELRY B2 TBESM 5N TR Y interfacial
activation L FEEN TV 31819 4AE, £+ LPL o8
T % interfacial activation DTEFEL F D EE, RUTEHE
P37 X BEFIC OV TR L,

£Z 5T, &b LPL OERESETA~SY UEER
Mmir okEflahz LPL ZEVohT&k, Ll
MmEFiIziz LPL Lishic esterase HEHER o2y
AT T —ENERICFEET D, £DEAMN LPL O este-
rase {EHORITNICKBEE &3 &%, £+ LPL cD-
NA »oBRINBEFEELMEHACSZ LI, £}

V=127 | o/
VI =031 | /
Wild //
02} Lor®
0.02}
LPL 9
/
4o LPL

(Ser'324Gly)
/ Vimax= 164
y Kn=0.20
Vi 0 1
0 10
1/(s)

K 14. Wild type %7 3% R LPL o tributyrin ABEEH S T 3 ZBBRESYE (A) B U

Lineweaver-Burk plot (B)
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LPL cDNA #% transfect L7 CHO M ADIEHEIKRE X
USRS i3t LPL ki BRI G 2 EERR
» i, SDS-PAGE [58kDa dfiifBizgkBh& s,
ZDEAICE triolein KTEMHEAED b, T OFEMD
LPL OWME® % boZ LefRE NI, £ THEHR
BEREHCTUTORNET- 7.

Heparin-Sepharose & Sepharose 4 B column chro-
matography # V& bhic LPL B4 ic doukiEtEs
S e = 2 7 )V tributyrin KAEEEMEE R0, 22
T LPL 3> Y o3 — ¥ & RIERICBRAK M S K AR TS A A
ST AR EOEFEER T 2 7 VKIFHENEZ T TS
LD pEEENz, Z» LPL @ triolein KEIZX
% tributyrin FIBREE R T2 L, EFEABRI,
ZDZ i LPL o triolein L tributyrin ®x 2 5V
TEAKBPLFOFEEP LD LERBET S LED
iz,

ZOX S RWEREEL LPL OMETF AR KROR
BRbLDLEXT, Tiebb BB NERHEL & EEPL
oY, HEOBREIESIENER T X 7V KBENE T
T=F—TEBLDTHD, UTFZOBREE T VIZES
&, BT Az Liclic.

¥4 LPL »EERE L FHES%IC interfacial activa-
tion BT BFEEM L ZOEBRERII L, LPL o
tributyrin KR SHRIZ triolein emulsion Z#INIT 3
L, SRR LR, Z0Z ik LPL B IEERE
LiEAT D LR TR TUET B8R LR & ,
Bi¥Re interfacial activation (ZHHYFTBZ LAEZX D
Niz, ZOEEL LT, BhToEEh ol mEst
X VEEREOREICE b FREY, H5 Vi tributy-
rin BIEERE CEEENTZZ LI2X D KBEEPEE
ST REERHTbNSE, L LEFI Vs LPL O este-
rase TEHEICRTT 2H4 D) VIFERY 7 VOER & K
B LR T, TEME ER R L E o RFTREE 1R
LEME LAV L1 2 LD BRETE OEERLOMBEE
fLic X 2 ATHEMAE 2 b, '

&Iz, Z @ interfacial activation 23 LPL IRIZ AR
DOERTHBMCHE, trypsin MIHC X 2 BAEMZ
T tkat Uiz, Trypsin ZLEiz X » LPL o tributyrin
KABTEMITRIE S e dS,  triolein KABEMIZE b h
Teo T ORERE KITB BT F I LISV
K35 &, LPL oORmBHRAE & MM OREE &
FUOBEREIR B OREEICHKTE L, trypsin ZTEMETLE E
ELRVY, REREHESESD S VOB ORI
ERLEFEEREZEZ b5, FIIVIEREIC X 2REAHE
DBATIE, trypsin FE LPL ORE~OFEA IR

Fihie, LEkdBoT, V- —EHEHEDWHEEIL interfa-
cial activation DEEIC L 3 A[REMIEE L bz, 22
T, trypsin 4L LPL o tributyrin KR+
triolein emulsion OEMEIELE BT 5 &, EHEERMR
Ao otz £h> 5 interfacial activation P EE
ERTl LIRS

Trypsin DERIMEEX 3 &, HFEALMCR 2T
UTFoEM”S, Y —€ED Lo disulfide bond i2HeE h
7o — 7R D% interfacial activation ICEHE53 5 Z &
BEZLND, THhbbEINLY LPL THLMZR -
Tz trypsin BERAEHRAIS L Y N — € 0MREIEICE ST
#25%%, bt b LPL Tit arginine?0.glycine?s! &
EEhd, B AA—YOXBEN® 10, ZOWA
Ser!53-Asn!?7-histidine®* |2 X Y ¥k & 5 serine pro-
tease O catalytic triads®® [ZIFEIL 7-EEEBI NV —
FO—ERICHEY T B, iz, BEHRY VIEEE Rhi-
zomucor miehei lipase ot MY S—FIZIEHE®
ZLrN—70OBHE catalytic triad DPEEFRMEICHRD
NABERLEXRBITREI Y, bkttt b
LPL oA —7%MRT2 L EXOND 20T I/ B
ZER< &, triolein AMEIEMIZ K DNICA tributyrin K
REMBE LI LD, ZON— 7D EEROEEE
DSty A—EEMRBICLEREETH D LBESh
T34, ZhbeaEETS L, trypsin ik Y —7
PRES h, R EENES LICREREPOE BERR
HICRET 2 @EAEES NI, VN —BTEENK
bhictEx bhiz,

ks s, LPL @ interfacial activation
i, EEEVIRERE LEE LRI EEP LA AKREICHR
bhalEElEZxbhl, £LT, trypsin 4
LPL 3HEBREICHEE TS LD interfacial activa-
tion BEZ LAV z®d triolein KEFEHE Kb
L P25, interfacial activation 3 LPL RN WAL E
z bhic, Y EoiERTS%EPERTMLEDOKE L L
T interfacial activation PE% TH5 LPL ow[fEH:
RERTALERDDZLEFRBRL, SDIZEDRE
froRE RIS L B,

&K\ T LPL oiEHPLERERICED S 7 I/ BRES %
Batlico UV X—EDEMERLNE, TR XS LART
2 B EMEEF WM, oV —¥0 L ki L 0
Wiz X v Rt a T & e, TEHEERMGEEY) ~—ED
Ser!ss [ZHEAT 5 Z L BIEHEFRLE LIcREWS XD
B, £, VA—¥0 1L REE KL LHALMITER,
GXSXG motif #3LEICH DT & AR S 1o,
D Ser HEFIVHEATI L, SLICXKRENT
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RH &Nz catalytic triad® ##pk+ 2 Ser b Zhiz
—HTBHZ b, B AA—E T Serss AEHHL
LHEREN D XS5 olz, LALY N—EEMINHEE
ENTHEGFIEIR T 2 7 VABEEMEGShiz & L
TZ D Ser ¥ JRERBATNL LB ST BEOLH S,
ZZTZD Ser IZ#HYT %5 b LPL o Ser!s? H¥Gk
PLOOEREICRETEREHLMCTSEWNTZ D Ser
% Asn & Gly CE#S € EREBRVERL, 2otk
Br By L.

Wild type LPL ¢cDNA % transfect L7 COS-1
HifaEs R o LPL BHBE L ER LPL ¢cDNA %
transfect U7c#fgssikt o LPL BHREERFET
HY, ZOT7 I/ BOBRIBFEEAORE, S
BLRVERDNRZ, RWT LPL-S132N 0iE% 24
% L, wild type LPL # triolein /KFRIHIER o DIz
% LT, LPL-S132N T triolein KEFEME b i
ofo, 7o tributyrin KEEE LD b o7z, Tri-
butyrin KEFEMSEEPOBESZ KT 5 L 0EZIC
7z TiX, LPL-S132N @ZiEHEPOBEVRBES Wi L&
Zbhb, 20 LPL i VLDL & 0iEQEZHE LT
Lk, Seri® RYREHLORKAICRES LV Li#
W& hic, Faustinella 54kt b LPL 0T 0
Ser FHIELDOH T Ser's2 DBHDOLNY S —EiEML &
DEPL, EHICEELRITNM THDZ L2 RE LD,
Ser!32 73 esterase JEMEI b bGP OERECEE
BT LBESEIORFICEI VLN R o, FFY 12—
EORBROKRFT® TH Ser EMPLE LTEE LR
HEhTRY, &) " —EOHERAEOR WEEFLEO
BREE O TRt A R T 5 LB bhi,

—75 LPL-S132G % esterase {&tf, lipase FE{EANI:
ED b, ZOER LPL oEMfLOBES BT
% HAEYT esterase TEMED kinetics # 251+ 5 &, Km
BRI V max BEE o LG, ElP
DHEEER wild type LPL L RAZWHEMNEZ OH
oo TRFNVFEGKERIZ Ser DAKELEAS nucleophilic
reaction #1795 Z L B E ATV 390, Kbk k
Sl Z DERIZ L Y esterase FEMETETE L 72813 ANEH
Tdhb, Ras! BMAD Mg?* FEE FAA UHBHRICE -
THEFPBELLLEOBREORDH DN, Z0BRITAR
H_E R LK Ser 2°% threonine ~DEBHRTH D Z &
R LPL OB L 132 B o BiERE Y Z L b
b, AIROBFIZL2»EITHATH S, 3KEELOE
Eh oo 7 I B Ser!® DAFE|E I - A REMEA
ELHAEND D, AL TERARY. ZOBRIZEBITS
EEFLORMRSRFMRHTRELEL LS,

%

IEEFER T LPL RIBAE O MR T-#RHT 0 A SR
ST B509, ZoHZiz LPL BEEEEMPRD LR
RS OIEED R VSRR S LPL® 2, EAEE LE
7z LPL #F LIcEFPO b s hTwb, 22T, 1A
FEERS ) A THOBREREOBITOEENRL 2 L Bb
N5, 4% interfacial activation D BH LRE S iz
iz big\ve EICBEBEFHENET I BESIRER D
2 Th, BERE LAWY FREERE TV B R
TRELBAIOh,

V. HVYic

S, ThODREE b LICTEERBREL LS
% LPL BEEFRHE N, FRORIBRENHESLSh
BV END, El, EENOREEEE Y
—EDHEBSMLE L H Y, HeRiELBboTw
%, FEIELNIREIZ, Fh e+ 3SR
Wb R OB E R E R HORE L G T BRR R IR
B ZFIREMEZ FRT 200 TH Y, ZoBAICE
SCIIRIBRE L IRRERBE SR SR S,

B

EHEERITT 2RI VHIRB R EE LEEH
HH MBBCERNRLET, EFELZTEO>CHED
RBHBEEBD e TEREEZHARE 2 HEEE
Lt RUEKRE), AHEREL GEEAE), E
CEREHBHEBEVYETEREZSE 2 AREARHIIRE
ZEORZEFTLIOBHMB L ET £+, AREBIR
FUEERITH 5,

Summary

We studied the catalytic process of lipoprotein
lipase (LPL) and the structure which affects the
catalytic activity of LPL. LPL was expressed in
CHO cells transfected with human LPL ¢cDNA.
The LPL retained tributyrin, water-soluble subst-
rate, hydrolyzing activity (esterase activity). The
catalytic action of LPL was studied by monitor-
ing the esterase activity. The esterase activity
was enhanced 4.5-fold by the addition of trio-
lein emulsion. This process was named interfa-
cial activation. Treatment of LPL with trypsin
caused the loss of the triolein hydrolyzing
activity. The esterase activity of trypsin-treated
LPL was not enhanced by the addition of the trio-
lein emulsion.

The trypsin-treated LPL retained the ability
to bind to very density lipoproteins. These re-
sults are consistent with an idea that LPL has a
catalytic site and a lipid interface recognition
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site, and that the enzyme undergoes interfacial
activation, in which the concealed catalytic site
is revealed after the enzyme binds to the surface.

Based this hypothesis, the present results sugge-
sted that trypsin-nicking may impair the interfa-
cial activation process and cause the loss of the
lipase activity, and that interfacial activation- may
be necessary for catalytic actions of lipase.

Next, for studying the role of Ser (S)!%2 in the
putative catalytic site of human LPL, mutant
LPL cDNA expressing LPLs with amino acid
substitution of Asn (N) or Gly (G) for Ser!32 were
obtained and were expressed in COS-1 cells.
Considerable amounts of LPL enzyme protein
mass were detected in the culture medium of
the COS-1 cells transfected with wild type LPL,
LPL-S132N or LPL-S132G. LPL-S132N showed
no activity against triolein or tributyrin, whereas
the mutant LPL bound to very low density lipo-
proteins as effectively as wild type LPL. The
result indicated that Ser!82 is important for the
catalytic activity of human LPL, but not for
binding to lipid interface. Whereas, LPL-S132G
hydrolyzed triolein and tributyrin, indicating
-that the Ser!? is contained in the structure
of which the substitution of glycine for Ser!s?
can retain the catalytic activity of LPL.
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