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# IR E 1 H(apolipoprotein H, T8 ApoH ) B —# /R T 8K
BOEEAOEMEA, BHRNIE, ApoH B4 WMEREH R
TAHEE, BT ApoH EHEAMNBREL BHFEEELS HIRM
MHEEAEX MEBENE  AKHAITARARERL, B, B3
ApoH SR ER U A REREEMNERNEAST 495
EMEYER LB AENNHIR,

EXNAERB BRAEAURTEPROAIIENERSH
BRG X ApoH SHIEBENHIEAALBEASNHSHT
THEARBSR.

B, BA TR S/ W0 AR B 2 A 7 vk e B BR L IGEBA
T ApoH S+ FHAERBM T RN, CREG A 7 & A o8 M
WA REAX(0.210.1)nm, ApoH HHMMEBAXHE
MR - BAZ A A E B A,

HEK BNMEAEALENE ot ELTREARRET S
NeRAEALS B K ApoH ISR, LREER PR YL S DHF ndH
MIERARETZ)G, ApoH 3 FHRI _REHMH R LB XTI, BY
NTHEEIFEL - E AN o - MIES RS . 82N &
R ENHRAEP RS FRESAG, RIS R R HE
ZAREN ApoH S FRAMMARIMHE. EESFRELAMY
T.EASTHRBISERMREBRM T %, Lo E AR
MR HEAREFRENER BOSTHERBNOEERSS
HAs B S MR B e R, TR B0 IR E B ¥ S, ApoH
g F 15 B T A0 HY RIEAE 9 ARk Py R I AR 3 S AR R it 3 o
WRATHIREE, URERBESG SIS A S B Pt
VMEDRBRAU T EENLWER.
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B RIMEATH —ERETENE PR - KA T
X P88, 3% ApoH TR S HIRA & SARZH K HE
EXREETH-SMHRT. EES7T%EHFHEAER T ApoH 8
HESFENSRERBHRIBREZDLFHRANAR R, &
HHNBRERLEE, AR K EEAK ApeH 5 T K BAE S
BHEMNE. SETHAERAEARARN IHEESNEHARD T
W T AR X . DL EXB M ApoH 5880k BUME A Ry
BP BONBREANENHESSSHEETHX,

LR, AXE|ART ApoH SRR BHEE AN THLH,
FEI T —MA K ApoH IEBL B RAE MR E R E W RELAB
B, ApoH B Suiliif 5 M M BEAR 2 (M) 6 M et 5| 0 K T IR %
X, ¥ FUXBHBYRLFAR(EERNM A B EAN
pH &%) B W, R B T BLAR 7 1 49 ApoH 5 R AE R MW RE
b, RN EASFo— 8O EABIMARA IR, &G, HEEMN ApoH
ATFHERBRAEOREX - SHHARABIFBRLBETHRERR
o HX ApoH MBI AE - BMUENEYERL , R
AEAMRBERNEOSRIERGHEERARME TEENGER.

XA RAEER H(ApoH ) , /WU R 1 B 2 B2 B, A 4k , AR AR -
EASE R (I



Abstract

Apolipoprotein H ( ApoH ) is a plasma glycoprotein belonging to
the family of apolipoprotein. Hitherto,the biclogical function of ApoH
is not very clear. Since it is known that the in vivo physiological and
pathogenic roles of ApoH are closely related to its interaction with the
phospholipid membrane, a more profound understanding on the inter-
action mechanism,as well as on the membrane-bound conformation of
ApoH may have not only theoretically but also practically beneficial
consegquence,

In the dissertation, the interaction of ApoH with phospholipid
membranes and the conformation of membrane-bound ApoH was stud-
ied by using different model systems of lipid monolayer, liprsome and
an organic solvent contain water and methanol.

Firstly , with the method of phospholipid monolayer at air/water
interface , we proved for the first time that ApoH is an amphiphilic pro-
tein which is capable of insertion into negatively charged lipid mono-
layer. The membrane insertion depth of ApoH is about (0.2 +0.1)
nm. In the process of ApoH insertion into membranes, both the elec-
trostatic and the hydrophobic interactions between protein and the lipid
are evidently involved.

Secondly, we combined techniques of flucrescence and circular
dichroism spectroscopy to study the conformation of membrane-bound
ApoH. The experimental results showed that after binding to the nega-
tively charged liposome, the secondary structure of ApoH will be sig-
nificantly changed and some @ - helix structure can be induced. By

changing the composition of phospholipid in vesicles and the ionic
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strengths in the buffer, we found that the membrane - bound ApoH
molecules can adopt two conformations at the membrane surface. Un-
der conditions of low ionic strength, the water - soluble ApoH will bind
to the negatively charged lipid vesicles with most of its tryptophan resi-
dues adsorbing on the membrane surface and a small part of them in-
serting into the membrane. Under conditions of high ionic strength , the
membrane ~ bound ApoH will have a different conformation with its
non - inserted tryptophan residues mainly separated from the mem-
brane surface ,and its membrane - inserted ones still maintained their
association with the membrane. The conformational change of ApoH
upon binding to the membrane may provide important structural bases
for the protein’ s biological function,e. g. in clearing the negatively
charged liposome in plasma,and in the autoimmune diseases such as
systemic lupus erythematosus.

Thirdly, we studied the correlation between the membrane inser-
tion ability and the membrane — bound conformation of ApoH with the
model system of water — methanol mixed solvent at moderately low pH
that mimics the micro ~ physicochemical environment near the mem-
brane surface. In a buffer of 57% methanol, ApoH can be induced to
adopt a special conformation just the same as that bound to the nega-
tively charged membrane. On the other hand, it is observed that the
membrane insertion ability of the conformational changed ApoH in-
creased ,too. With the method of capillary electrophoresis, it is found
that in this case, there are more ApoH molecules adsorbing on the
monolayer surface. The above experiments suggest the close relation-
ship between the membrane insertion ability and the membrane -
bound conformation of ApoH.

In all, we partially revealed the molecular mechanism of the inter-

action of ApoH with phospholipid membranes and obtained a model for
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the membrane insertion and conformational change of ApoH at the
membrane surface. That is, ApoH will adsorb to the negatively
charged membrane surface through electrostatic forces between protein
and the lipid. Then, the surface adsorbed ApoH will suffer a confor-
mational change due to the change of micro - physicochemical envi-
ronment near the membrane surface. The ApoH molecule will insert
into the membrane partially. Finally, the membrane inserted ApoH
will adjust its conformation and reside in the membrane. Our model
concerning the membrane insertion of ApoH will have general interest-
ing for it may help the further understanding of interaction between

other protein and phospholipid membrane.

Key Words: apolipoprotein H, air/water phospholipid monolayer,
phospholipid vesicle, phospholipid - protein interac-

tions , membrane insertion,
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43 B& 1§ ( Abbreviations)

apolipoprotein H

1,2 - dimyristoyl - sn — glycero — 3 ~ phosphocholine
1,2 - dipalmitoyl - sn - glycero - 3 — phosphocholine
1,2 - dioleoyl - sn - glycero - 3 - phosphocholine
phosphocholine

1,2 - dimyristoyl - sn - glycero — 3 — phosphoserine
1,2 - dipalmitoyl - sn - glycero - 3 - phosphoserine
1,2 - dioleoyl - sn - glycero - 3 — phosphoserine
phosphoserine

1,2 - dimyristoyl - sn - glycero - 3 - phosphoglycerol
1,2 - dipalmitoyl - sn — glycero -~ 3 — phosphoglycerol
phosphoglycerol

bovine heart cardiolipin

1 - palmitoyl - 2 - stearoyl - (n - doxyl) - sn - glyce-
ro =3 - phosphocholine

initial surface pressure

surface pressure increace

critical surface pressure

surface plasmon resonance

small unilamellar vesicles

circular dichroism
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§1.1 ApoH AR o T E#HMA

§1.1.1 ApoH iR

% i5 H A H (apolipoprotein H, f§j#f ApoH) , X B} 8, - glycopro-
tein [(H# B, -GPI) , E—METEREAXZENOEBEA.
ApoH XM B A HM =M IEEAARBRRAS, HEEEIN
EREEOREMEE D, REREEAMFE, Bl R NR
AR 1 (Lee et al., 1983 ). % &EE i Schulize F A F 1961 E &
AR ( Schulize et al. , 1961), AMBEP S HEHFARI ~6
umol ) ApoH, S5EIEEOAFR KN HMA R AF, ApoH 4 FHE K
PILEARASEG, SHEECHT, HPHRBMNAO0R))MTRE
IEEANREEEEXE(d>1.21 g¢/mL) , X2 ApoH BAKE
HREEMKPEIF; Kk 40% @) ApeH FEFETEIHM=
A Fry 3L € OO ( chylomicrons ) fIR R % AR A ( VLDL) 8 B A 1
Bt o ( Polz and Kostner,1979)
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§1.1.2 ApoH yEE&H

BRI, 4 ApoH /N, ApoH FIA ApoH i cDNA #3387 Rk
(Gao et al. , 1993; Aoyama et al. , 1989; Mehdi et al. , 1991),

Mehdi et al. MBF BB T A ApoH cDNA B R : — &
BEMIH AR cDNA, 5 — 1 £ A JF % 488l & ( HepG2 ) cDNA
B,

M pTZ19 ABF cDNA EErh i th IX X SEREJS , LA ApoH -1 2
REENS 9, R US4 B B K 0 7% ¥ (Sanger et al.
1977) . & cDNA H BB FIEELM ApoH -1 EREFRIE
R2AIERT, - TMEEEBRTFRAAEH I IMEFERLFG (A
L) & EFRABRKSREN BRT -1 SRBASEE,
EOAFANEFERTHEMIAETR ERL BT 10 M 8FRL
A—THRAEIEE, XD 1069 iH— 4% -/
HFAER BR—-TE345 MEERRENTAR. NRQET
— T RNERBEENR KSR, EEAR BN BRPHN
BREAMEABREORPRAFEN.

HRR ApoH cDNA Fi¥ F#) mRNA REB M, R K
COS -1 MMAERMERHFITHRICHEREEK, MEEEN
B4 F R KL% 50 000 000 MEBERAS , MM BA(K
ApoH MR mRNA 3 @R BREA X AL EARS .

§1.1.3 ApoH A HH

1. —B 8

1984 4F Lozier MSE T ApoH 43 F 894 5 (A 1.2) (Losier et
al., 1984), ApoH 4} FR— 1 HEME T, A ApoH 53K 8 /4|
AR KRB ApoH RF B B 89 )F 5 I IR # (Kato and Enjyoji,
1991; Bendixen et al. ,1992; Nonaka et al. , 1992; Aoyama et al. ,
1989) . A ApoH i MM 4 F /& &K 54 000, & 326 ) HEM



§1.1 ApoH REDFEQEN 3

1 CCA CTT TGG TAG TGC CAG TGT GAC TCA TCC ACA ﬁ: A
46 TCG ITT TGC C
91 GGA A CC AA ADA AT L A CCA ACA

G R T C P K P D P F 8§ T V
136 GTC OCA 'ITA %AA ACA TTC Té\T GAG CCA gGA GAA ErAG ATT AOG TAT
181 TCC TGCAAG CCG GGC TAT G'DG gCC CGA gGAGGG :{TG AGAMGI'[T
226 ?TC TGC CCT CTC ACA GGA CTG TGG OOC ;I&TC AAC ACT EIG EAATGT
271 _?CA ECC RAGA GTA TGT ECT T'I‘l' ECT G-GA ATC ']"TA gAAW gGAGCC
316 ETA EGC TAT ACG %CT ETT GM TAT C(‘C QAC ACG ATC AGTTTT gCT
361 TGT AACACT GGG TTT TAT CTG MT GGC GCTGAT TCT GCCMGTGC

C N T G F Y L D K ¢
406 ACT GAGGMGGAAM{FGG AGCI(;‘OG GAG(LTT CCT G'!'CTGTGC]‘;JOC
451 ATC ATC EGC gC'l' cca CCA TCC JI\TA CC']" ﬁOGTIT G‘Cﬁ ACACTT EGT
496 G"IT z'AT QAG CCA ;‘CA ECT GGA#AC AAT E‘OC CTC ?\T CGGSAC?CA
541 GCA GTT TIT GAATGT TTG CCA CAA CAT GCGATG TIT GGAMT GAT

A V F E C L Q H M F N D
586 ACA ATT ACC TOC AOG %CA E}\T GGA #AT %GG #CT AAAETA CCA GM
631 TGC AGGGAJ\GTA AM\TGC ](’JCA TTC OC.A ;'CA QGA l(;JCA gACgAT gGA
676 TIT GTG MC TAT CCT GCA AAA%‘C& _?CA E’I’l‘ ;A‘l’ %AC EAG(DSAT K&M
721 GCC ACAE‘TT GGGCTGC CAT GAT GGA '{FA]' TCT LCTG SAT gC’COCG GAA
T66 GAAATA GAA TGT ACCAMCTGGGAMC%GGTCT GO:ATGCCA;G’]‘

s
811 TGT MAGCA TCT TGT AAA GTA CCT GTG AAA AAA GCC ACT GTG GTG

AP TO»
bl
Q

z

>

=

o

A 8§ C K V P V K K A T V V¥
856 $AC CMGGA (E}AG AGA STA E)\(x i\'IT CAG GM AAA }']’T QAGﬁAT gGA
K
901 ATG CTA CAT GGT GAT AAA GTT TCT C TTC TGC AAA AAT AAG GAA
M L G D K VvV § fF C K N K E
946 MG MGTGT AGC TAT ACA GAG GAT G{L'l" CAG TGT ATA GAT GGC ACT
K C E D A I D G T

991 JI\TC (%Mgm CCC QMTGC ETC MGOM&CAGT TCT CTG GCT TTT

1036 ;GG :}CAAACT gAT GCA }'CC GAT (‘TA MG %‘CAEGC LA;\ GGTGGT TTT
1081 CAG ATT CCA CAT AMAT(: TCA CAC 'ITG TIT CTT GTT CAT CCA AGG
1126 AAC CTA ATT GAA ATT TAA AAATAA AGC TAC TGA ATT TAT TGC CGC
1171 AAA AAAAAA AAAYIB2

[l
>
e ]

P 1.1 ApoH /) cDNA ¥ ¥ (Mehdi et al. , 1991)

BEMS KLUBENESEEREREEOIERME M 5 EEH
My FERA19% MEHHN-ZBUEH SRWEN -
2B 2 WM 4 R ( Lozier et al. , 1984; Kristensen et al. , 1991;
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B 1.2 ApoH BB E& 2 ¥ 7 ( Lozier et al. L1984}

Mehdi et al. , 1991; Steinkasserer et al. , 1991), & 1.3 & ApoH
IGHBIRIE , ApoH B & Cys(6.2% ) fl Pro(8.3% ) , KM X8



§1.1 ApoH REAFSANN 5

KA B EGMHR Cys - Pro BHEE— ERIBESE L 4 ~5.65~
66.123 ~ 124,186 ~ 187 . BH EH W HFEH, BH 5 M EENF
W B, H b Cys. Pro Al Trp BERF. X/~ ApoH XA B eh
—~P RGO M HEMBRENERNSNEEI TR (E1.4),

. s,

CBI CB2 B4 CBS
1 42 161 238 2N 326
Number of residues
| 42 1 119 | 11 L33 | 55 |
eso0 1 15 000 1 12000 1590 1 10000 |
Molecular weight

1.3 ApoH RYZSHIMA .S 4 CNBr K B (CB1—5)
5 & EMEE(GleN)

1 1 I [
Deletion — —T—

Ill/l\l 6|

I 1/3\[ 6 1
I [ 3 1/4\I 6|
|| P | 3| 4 | 5 | [

E1.4 ApoH #H{LEF~EME
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2. AW

ApH 2 FHBER S A EHNFFI LB, W4 MR B (Do
main [~ V) B d260 T HERBEEHRR, ABCLIT 2N _HE,
B 2R 58 B A “ Sushi” £5# (Ichinose et al. , 1990) (fNHE 1.5 FiR).
B5 A EEF B (Domain V)4 80 M HEMBEMR,HEH3
Wo_RE, B TZERAFRPH I _HBOEMSEI4 MR E
MR, B Bt B3 Sushi” Gy $5 4% .

B 1.5 ApoH B Sushi &7 BH
BRI, ZANMREARCEWMH T AHGCETFHESIMHASR
“Sushi” S5 A E A B A M R (Norman et al. , 1991 ; Barlow et



