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Liposome Immunoassay for Bioactive Substances

Chong-Keok Kim' and Kyung-Mi Park
College of Pharmacy, Seoul National University, Seoul. 151-742, Korea
(Received September 10, 1994)

Recent development in the immunochemical technique has resulted in a new ultrasensitive analytical
method known as liposome immunoassay (LIA). Liposome is a key element in performing liposome
immunoassays, specifically designed to participate in immune reactions. A variety of markers can be
encapsulated in liposomes and used as quantitative indicators of reactions. Liposome immunoassay based
on agglutination, complement-mediated lysis, cytolysin-mediated lysis, detergent-mediated lysis or de-
stabilization of the liposomal membrane have been reviewed. The quantity of markers released from
liposomes should be proportional to the concentration of the analytes. Therefore, liposomal agglutination
and lysis which are essential to liposomal lysis are critically reviewed to provide a better understanding
of liposome immunoassay. Based on the literature review of recent advances in liposome immunoassay
for bioactive substances, this assay method may provide a convenient, specific and highly sensitive method
for detecting and measuring trace amount of clinically relevant substances in the future.
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Table I—Mechanism and Analytes Used in Liposome Im-

munoassays
Mechanism Analyte Referces
Complement Thyroxin Tan ef al. (1981)2

Mycotoxin T-2

Nomura ef al. (1987)"
Ligler et al. (1987)"

Theophylline  Glagasigu et al. (1987),”
Canova-Davis ef al. (1986),°
BSA® Yu et al. (1987),”
Kim and Lim (1993)°
0z plasmin Hosoda and Yasuda
inhibitor (1989)”
Human IgG Ishmori et al. (1984)"
C-Reactive Umeda et al. (1986)"°
Protein
Polysaccharide Vistnes et al. (1983)®
antigens’
Cytolysin
Melittin Digoxin Nakamura ef al. (1989),"
Freytag and Litchfield
(1984)*
Litchfield et al. (1984)*
Biotin Litchfield et al. (1984)"

Phospholipase C

Gentamicin Kim and Park (1994)"
Destabilization (stabilizer)
Asialogang-  Digoxin Pinnaduwage and Huang
lioside (Gwm:) (1988)"

DNP-cap-PE° Glycophorin A Ho and Huang (1985)"®

“Bovine Serum Albumin
*Neisseria meningitidis capsula antigens
‘n-(dinitrophenylaminocaproyl)-phosphatidylethanolamine

A EAULE AFekl AR BAE 9
3 m7}e) Hlgo] B WA AU Utk F%
EZE o] 83 HAEH A (fluorescent im-
munoassay)o|tt BAE o] &3l HYsty B
(enzyme immunoassay)2 WAL FHHULE o]
43 Aoy BN g ARSA] Algto] gtk
FAel o I e, xdME} 2
UAZE B HF & AAk 3 3ol sith
2ol 8 2% AXNA oA, A2E 08¢
HIE I (homogeneous enzymatic immunoas-
say)o] M= o] Bo] 4835t=x gtk

oA AF3 vkel 2 Fo] WA 24
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Ho] Uutro g Z2ty e vAS AL, vd
zzo g nF EAde EAS WA £ A
3ksl7| 93t B3 A= 2A] liposome immunoa-
ssay7} Kinsky” ol 98] & A7f=|Ach 1 o] F,
2o ATAENA BAY dide] HAoH, s
A oA A7-Eal givh(Table 1). ©] liposome
immunoassayt e 4% 2t 9d 58 ¢
Zuto g o]Fojx glon, UFo] HAFo] fold
e FARJAEZEAY F e vesicleo] &
A-8A) ke Axo) wel FIFAA FAJZ
(marker)E& &3 A3 (signa)E Uehlie 2
|71 o] &% Aol
Liposome immunoassayE F33=t glojx B
FoAE YEF, BT2AAA 21 FEF lysis
e 24 E A7HH etk gl EEL HgukSd &
A% = YRS EF3] HAHL B IS
ARG 24 BRE Az olof 3tk FAIAE
YEE Yol BYE & Aojof 3, wkgo] o
ot A E AFAoZ Jepd & glojof gt 7
X A lysis EF F23F 24e]t}h Lipo-
some immunoassay’} ol&3e= 714 % 3 E&
o] &3h=A] EE lysisE o] &-3=A LE| L lysisE
dodle EHo] FoldAd wet A7A 847t
Ztzojof & Z7lo| gl ayER B FHE
YEZL o] 8§ HAsHH EM Yo o] HE X
Z BB 3 EE lysis?) 1A 2 11 FFol
st AES AL Fek =3 systeme] EAH I
HZo AFFAE ENFozxN NkEQ lipo-
some immunoassay?] §3-& n @3z} gt

Liposome Immunoassay2| 1A R4

2| EE—YEZ L Yo FAE 2= AAZA9
g xE dFteg o]FolA] 3yt phosphati-
dylcholine(PC) ®+ sphingomyelin(SPH)9} 22
2 IA71E 2 e IARAL R oY
FZo A RHe F2 EX=o glen, phos-
phatidylserine(PS)©]1} phosphatidylethanolamine
(PE)8} 2o] FA47I17F &L AARAL #fEF N2
ute] YR EX¥3TL® a8y o] wide] BE
X ZN F5E A& ofrh

2] ¥Z2 sonication, extrusion, detergent dia-
Iysis technique 222 A2E 4 led], Wiol
w}2} small unilamellar vesicle (SUV), large uni-
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Table II—Basic Lipid Composition Used for Liposome Preparation

Basic Lipid Composition (ratio) Membrane Membrane Sensitizer Reference
DPPC, Chol, DPPE (1:1:0.06) ML Human IgG Ishimori ef al, 1984"
PC, Chol (2:1) ML None Nakamura et al., 1989
DMPC, Chol (3:1) UL None Kim and Park, 1994
DPPC, DPPG, Chol (10:1:10) UL Digoxigenin O’Connell ¢t al., 1985™
DMPC, Chol, DCP, MPB-PE (5:4:1:0.1) UL Fab’ fragment Gaber et al., 1988%
DMPC, Chol, DCP (5:4:1) UL Mycotoxin T-2 Liger et al., 1987"

SM, Chol, DCP (1:0.5:0.03) ML Ganglioside Ag Zemmour et al., 1984*
PC, Chol (1:1) ML None Kubotsu et al., 1990°"
SM, Chol, SA, DPPE (47.25:47.25:5:0.5) UL Digoxigenin Fiechtner ¢t al., 1989%

PC, Chol, TP-PE (1:1:0.01) UL Theophylline Glagasigij et al., 1988"

Abbreviations;

Chol, cholesterol; DMPC, dimyristoylphosphatidylcholine; DPPC, dipalmitoylphosphatidylcholine; DPPE, dipalmitoylpho-
sphatidylethanolamine; DTP-DPPE, 3-(2-pyridyldithio)propionate derivative of DPPE; ML, multilamellar; MPB-PE, ma-
leimidobenzoyl-phosphatidylethanolamine; SA, stearic acid; SM, sphingomyelin; T-2-PE, T-2 mycotoxin dimyristoylphos-
phatidylethanolamine conjugate; TP-PE, theophylline-phosphatidylethanolamine conjugate: UL, unilamellar

Table 1. Marker

Type Marker Detection Methods References

Chelating Agent TAMSMB Spectrophotometer 3

Spin Label Tempocholine Chloride ESR spectrometer 2, 12

Dye Arsenazo III Spectrophotometer 29
Calcein Spectrophotometer 5 18
Carboxyfluorescein Spectrophotometer 11, 30, 31, 32, 33, 34
Sulforhadamine B Spectrophotometer 24, 35
Erioglucine Microscopy 36
4-Methylumbelliferone Phosphate Spectrophotometer 26

Enzyme Alkaline Phosphate Spectrophotometer 7, 27, 37
Glucose-6-Phosphate Spectrophotometer 6, 17, 38
Dehydrogenase
Glucose Oxidase Spectrophotometer 13

Prosthetic Group Flavin Adenine Dinucleotide (FAD) Chemiluminescence 39

Abbreviations;

TAMSMB, 2-(2-thiazolylazo)-4-methyl-5-(sulfomethylamino)benzoic acid ESR, electron spin resonance

lamellar vesicle(LUV), multilamellar vesicle T =L ol83 wWAsA BEA Ag3 e
(MLV) Fo] 9tEo]x| o]& % liposome im- T2S Azsk=t oA 7} systemol] whet A
munoassay©] °]8-2 4 9tk g ¥xE FHE 54 HE o1x|A o] o] that) B71A| 9 o E Table
S TP b Aok Ao R s Ilo] Uehigith HESe) hgAel A8 nAE
&}t}. Liposome immunoassay 2] Z5-o ulg}l TH Qolo g XAl A BH E3 X E H
T BREH Bl FASA G AXF VT we] 54 Hwel £y, AXEFY AXNE E
AHE 7 e & ok S EZFu kgl FEgs vHe Fd
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ZHE T golAdoly S0l AA A
o3t FHe A7H A4 53 22 2K gkl
AL Al9dtie HEE AR 583 1y
Abghe glom zt Al Adluin) of 918k W3S Llehd
FUEE O FHLAEY EEd S N &
23 A7) e 249 xFo] dastt JEF
ZA g AAAR] 77 PEEFS o] 8¢ A
A8t A g Fa% 2%lo] € Aow
Azt et

FAOIX} (Marker)— BAR1A = FEE Y Ho
BYse Ed2A A9YEA] signald Jehle
)9 F83 TR Lolth o] ELS AR 2ET
2t ol g9 FEA 2 L% )
Liposome immunoassay’} 2= #AEEgA7}
B E B¢ AEE Y= EZo] T/ 2 4
ez FrvkEck 18E2 HAEI FAAxte]
Ao X 2¢ liposome immunoassay system 7
WA -0z AFdfof & FEojrk o]AI7tA
E4Q122 AHL-H E2 2+ chelating agent,? elec-
tron spin moleules*™® F&, 4 $ol Je 1 F
71E %ol AHS-E EAL 989 fiolt) o]ES
Table III<) goFstd Jehiich

EAQIAZ A58 AR A §38 e
Ue 985 ©o] A3t} 53], carboxyfluores-
cein™ 97} calcein® P )X Zo] ¥ BYH I,
slatA o 2 kg3, B pH HolA g8
oji} Bol & fajEch o]EL2 FEF Yy
A =, gl xFo] AojAA gFgdoR 35
of Uod AHaxrt i ¥3e dslng
ot A titratingA] F-83HH AMEE &
Utk A4S 3R e 980 BS 1dd B
B Setez 4A @] 7153} Arsenazo
e 2 E2F Wl EAT de F2 A& Jeh)
b gExEo] AolA fFgdor felEd
Mg+ 3 Ad&3HA kg3t Hggt F& Ao &
FAE YA3e) o] WS- {etoz BAFo) I
Shal . F37|2 Aol 7hs3ith

YEZ Vo] BAELDRE F4E AMgsE FX
Fol lysis HALS # LV} FEEHI ol FA
B 4o 712 vh3EA Hol Mol Wi e
electronic response”} W3t signal2 AZE 715
sHA €} ojuf WL enzyme immunoassay

)
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(EIA)¢} Zou} 2] 22 Yo B-UEA, vesicle2
A7), agla §49 AZE % (turnover rate)’} 2
5 25FZ a7} 77tk B2t liposome im-
munoassay2} enzyme immunoassay 7 WS Z2
Frzo 2 2xg /iHAE 4 3tk Liposome
immunoassayol] AFE-EHE EAZ2+E horseradish

T30 olucose-

peroxidase,”” alkaline phosphatase,
6-phosphate dehydrogenase®'”*® 12|31 glucose
oxidase®® T-o] it} Alkaline phosphatase & 32
JAR FEF FYAHE 2-F, B E alkaline
phosphatase”} 2] £ 4] f-2]5d 712 742
p-nitrophenyl-phosphate® =249} p-nitrophe-
nol2 A#AA 410nmelx HAEE 4 Yok &
horseradish peroxidase¥ }4t&l4 Z4 3}ol 4]
5-aminosalicylic acidE 460 nm & S0 2 2]
Vet B A A2 A

Spin label2- electron spin resonance (ESR) spin-
labeling techniqued] 7]1%E T3 o™ ESR
spectrometer& A}&-30}h21? g) 2] B-91 9 spin
markerE Alolo] ol electron spin exchange
interaction& ESR A E&o| vleldth 2] ¥Zd)
B-=o] Q)= spin label marker (Tempocholine
chloride : N,N-dimethyl-N (2,2,6,6-tetramathyl-4-
piperidimyl-1-oxy)-2-hydroxylethyl =~ ammonium
chloride)e] ESR A~#HE®AL Wi 93l signald
vehd ) Spin labele] 57} =& W signal
amplitude7} T4 Fi= AdEo] Yepd) 2l X2
o] AAAA spin labelo] 25 o|3lo] & 450}
T4 FE7F vehdrh 233 02 ESR amplitude
= 453 e signalS YeERA "ok ESR &
) E Pof| 4] signal®] Z7]1= HEFANA F2]H spin
label £x}2] S0l 24 v]H 3}, 12| BE signal 9]
= HA3E SAToEA lysis A=E s
SAsA Ak

(1) Ao} A3 epda} 23R G2 2ds B
2]3Fx] ¢+ homogeneous assay, (2) &9} A%
314 ¥ 28-S 223k heterogeneous assay £
s F ith

Homogeneous assay+ THA F7HAE UE 4
Jed AAA e 141 FA4E SEEE AN
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Figure 1— Coprecipitation of inmune-complexed liposomes
for antibody measurements. (1) Addition of antigen-sen-
sitized liposome to sample antibody. (2) Addition of secon
antibody to immune-complexed liposomes. (3) Second an-
tibody binding to immune-complexed liposomes. (4) Lattice
formation and co-precipitation of liposomes.
Key : 3?:?92, marker-filled antigen (O)-sensitized liposome;
¥, antibody detected; ¥, second antibody specific for
that detected.

e Aoz EE T BNk 23
FEAN7F BAHAEO2ZH latexe] S0 FHEE
2, B4E AAEFA N BAE Ao zs g
XZo| lysis H= Aolx, FHA Fe= 84 F
257 ke B EF S A AR ARk
dojFo 24 antigens (hapten)-cytolysin &2
T o] Ao AlE o] liposome?d] lysis7} A
He AL o83

Fdoz #Ad 2 EEY §8H

B3R FAEE e vk g iRl

e @nlides #3 rhed dsvt BgE] 2l
oA SRoz BEE 4= 9, “3‘35“@*“ o HAE
7Vsle] 2] X &S lysis A]A signalS A 4= gl
AEE o] Iysiss oI AT MALS oy
tolysin®>™® 9]¢ detergent,®® 1= 27} o] =
o osf dojd + U=l o]= oW liposome im-
munoassay system-g oHal-itdl] wal, fEEe
Z 50 ne}, =5 BA3s} sk BE] EA
mzt Mg 4 ok

SZE 0|2% Liposome Immunoassay

gdoz o] FAH B EF 89 FIH S
E33PA vesicleo] FA It o] FEF £
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Table IV. Evaluation of 42 Serum Samples from Patients
with Rheumatoid Arthritis using the Liposome-Enhanced
Agglutination Format and a Commercial Test Kit (Ref. 42)

No. of Patients

Negative 1+w 1+ 2+ 3+ 4+

Liposome-Latex 11 2 1 1 10 17
Commercial Test 17 2 1 1 7 3

eEHO e FYo AAFE type-specific
immunoglobulino] Z3sled Auky] WY EIIAE
gAdstr] wiolth 17 o7le) FYa uhg-§
el o 23} FAVE EAeE M xS
Alolo]| bridge W+ lattice”t FAdEo] &3 T+
FANEEo] dolu}, Av|H o2 A BEE 5 U
Aok (Fig. 1. ¥r¢F 2| 2F ol % E20] $¢
o] duvhd #FF fuAHed gy #o] ThE
3}t}. o] 74L& o] &3} Liposome Immunoassay 2]
Adle M=) FHH S E 5 Ak Tre-
ponema pallidum¢] %37 25| 2]3) v = 3kx}9]
Aol A reagin (Flot)olehe Bt 7t viehdt
th. glo}Ao] cardiolipin® A3 ol UYE
Ag o] &3] el AHEH HAA o) cardioli-
pino] oz oj&Ho] gt o] F& o83ty
cardiolipin, lecithin, cholesterol 2 73 ¥ 2] X&)
FARIAE BYA7|aL &efo|= Sy Feki
g Fledia w58 3% T3 =3 3
~5% A= @A glo] o ST &
Hol dojupA Hrh &3] dold Hxof wet
negative, 1+w, 1+, 2+, 3+, 4+ 2 JHE3Ic},

Blolo g 4Alg g EE A B2 £4FH g
EEL S-S o] 83 liposome immunoassay
o] o] &2 4 9r}h?* Rheumatoid factor (RF)$}
ZA33}l+= immunoglobuling- latex spheredll &
AgA7)aL, Bl EFo)E RF9} A3 4 9l anti-
human IgM Fab’ fragmentE® /271t &
ZFe] Ao A3 RF7F latex Yatoll 23
[gGe} vke-3la 2t & 2] EEo] second ligand &

%-31ed latexoll W] wk-g-3te] {02 ARI7bsTH
latex aggregateE FAI3ITL o] &4 WIS o] &
3le] Kung 5420] 253k Aol 231 Table IVl
VERA AX 8 commercial test kit$} v aA] =7}
Holua, s, s folsirt

s}

1

0
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Table V. Comparison of Cytolytic and Complement-Mediated LIAs (Ref. 55)

Complement

Cytolytic

Native complement in sample must be removed before as-
say by preheating to 56C for 30 min.

Liposome composition, sensitized surface and complement
levels affect the percentage of lysis and assay sensitivity.
Complete lysis is slow, requiring several activated molecule
in the complement cascade. =160 min for assay completion.

Guinea pig complement may contain unknown components

that cause nonspecific lysis.

Guinea pig complement may contain unknown components
that cause nonspecific lysis.

Alternative pathway must be eliminated while immune li-

posome lysis is directed through classical pathway.

Assays are usually restricted to a homogeneous procedure.

Small amounts of cytolysin needed help to lower test cost.

Cytolysins interact with unsensitized liposomal phospho-
lipids for complete lysis.
Instantaneous lysis with single molecule. =10 min for

assay completion.

Liposome composition, sensitized surface and complement

levels affect the percentage of lysis and assay sensitivity.

Liposomal membrane integrity ramains stable since sur-

face-bound antigens are not required.

Assay reporducibility is excellent. Direct action of cytolysin
on vesicle membrane without interference avoids nons

pecific lysis.

Homogeneous and heterogeneous assays are available.

Lysis& O[E%t Liposome Immunoassay

BAE v7R2 3l liposome immunoassay2
39 A7to] Bo] A3, S A3 g EFo]
93}, cytotoxing Wi7HE 3H= liposome im-
munoassay 9} Hl Al =] 347} 9t Cytoto-
xing "7/l 3} liposome immunoassay: WS
Al ol 7Vyeeta, Bl X Ee) B S 448 de vt

© % A7 RS 7R ok 22 bee
mellitin®]1} cobra venom¥} -2 cytotoxing A}
A AAS F971 a3tk BAE o7l g Ii-
posome immunoassay®}t cytolysino] &3t lipo-
some immunoassay®] & TH-& Table Vol e}
Ak Octyl glycoside, triton X-100 ¥+ deoxy-
cholate 59| detergentoll 23} lysisE o] &3} li-
posome immunoassay: $33A] & FHL 7}
)11 9lth detergentol] 98 g]EFEo] AojR= A
=9} £% = detergent?] %9 ZEF YAt =
710 we} gpzich o] 2o 93t lysise ol A
7HA] EAldo] W3l B 249 BEFo]
gasith ol A7t EASH uho] A stE o
TERAESLe} ALY {FElE T AEE o) 83
Aol ol¢} FAIGH PO R dRoRE o|FT

TZE TE 4 glv phosphatidylethanolamineol

=

i
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Antigen-Antibody Complex Bacterfa, Yeast, Vinss or Tumor celt

CigCirCis C3(H0)
Classical (2] B Atemative
Pathway c2 2] Pathway
Ca™ Mg® /" properidin
C3 —  opsonization
C5 —  inflammation
cs
Assembly of the
Teminal Components: cr

C8 —  membrane penetration

Cco - poly C3 membrane channels

Figure 2— The classical and alternative pathways of com-
plement activation (Ref 45).

ganglioside,” acylated antibody,* ®:+ haptena-
ted lipid® 59 H&¥& EF3tA AP TS
A Z&14, liposome immunoassay A Al E XA}
-2 solid phase?] 53 A £ stabilizerd] A3
oz gxFute]l YRoA F4A O 2 phosphati-
dylethanolamine 7+ Z#3}# Ho] o] B3}
Hof gl xFo] AAXA Ark

HiS 0|28t Liposome Immunoassay

BHa-RAs oo x3d gauds of &
A AGA o7 A BAste FaARA AZHA
7170l o3 €k 1) 53 BA @9A(C3, C4)
o] YAl nAsPo =M Ad E & AEV}



AXFE )38 B

C3/C4 4847} = macrophages?] 2)zH8-g qt
Al =} (opsonization, 42, 2) AlE (poly-
morph, macrophage, lymphocyte. antigen-presen-
ting cell ) ¥H9) receptore} BAA Fa¥
g7t o]l 432802 chemotaxis 8 E3 W
Aukg-o] Z YojubA 3 F£vh.  3) membrane at-
tack complex MAC)z}3 E8]9-% polymerized
C9 A7} A AolF ol 7]0] Eof 785 whEolA
AZ W2 B4 S FIAF2ZN YW R85
HZAA A-olF et lysis AlZth o] gL W
7he] % 72 (classical pathway$} alternative path-
way)ell 9j3) /fA Rt F B2 RAZE Fig. 29
YERA T

Classical pathway+ oA £x}(C1, C2, C3, C4,
Co)oll 23 4=P=H ol B5F BAAslE gz
Ao &A%t} C3x alternative pathwayol =
33, C5= MACE ©]F7) 8} terminal pa-
thwayol| = #dgch C1& Clg, Clr, Cls® A su-
bunito.2 o]Fo|# il 1 olgdE % ¢ &
Ztolth, Classical pathwaye] 3 @A ¢l Cle] &4
32 98 E 29 FA7 A9 Hiel Mgy
ojof 31, FA-FA E4A ZA) o &
A wgt Clo] &4sten. g 7A€ whee
autocatalytic, cascade W02 st}

Alternative pathwayoll= 6719 @A 2(C3,
factor B, D, H, I, properidin)e] #3ic}, o] &
factor He} factor I+ alternative pathwaye] &%
A& zdshes FHo Fojgio). Alternative pa-
thway &] A3l #Asl= F2 2+ bacteria, fu-
ngi, virus$} virus2 2499 AX 58 & F vk
C3biz AV EE 23 BE YRpol gt} o]
T AVHES MEe] EAshs G g o3|
C3b #2118 E8A8A7I1, YF 24 A% fac-
tor B2} factor Dol ¢J3} &AislE o] o W& C3b7}
o)y EAo) Axdre] Al o] HAH L T
73] C3vE ARIEA, AET ZA7F S o
74X Al4Er) Alternative pathway= classical
pathway$} 7ol MACE o] %] 3= terminal pa-
thwayE 34431 71v}

Terminal pathway= 5709 A+ G932 (C5b,
C6, C7, C8, C9 9l ol sl MxL} o]EZe] 2
7158 g3 A)Z1ch Cshb, C6, C79] B34 C8, C

239 WA 2y 207
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Figure 3—Homogeneous complement-mediated antigen
competitive inhibition liposome immunoassay. (1) Addition
of antibody to sample antigen. (2) Antigen-sensitized lipo-
somes added. (3) Complement added. (4) Liposome lysis
with marker release.

Key : , Marker-filled antigen-sensitized liposome; (O,

antigen detected; ¥, antibody; <>, complement.

99 A%AQ AFgor MACE o]2v. MAC=
C5b-8(C9ne] T2E 7kAH C99 CEd A4
By qxale) 79 Yol transmembrane chan-
nel& dAst target cellS 33},

2l2]- 2 A)E 0|43 liposome immunoassay®l
Ae PEE ol 2948 TAJAT fEEe] A
59 Z2ZF 7S 7tR &) Lytic assay= 2o}
722 0] 23} liposome immunoassay 2t} &
o] o|3 A2 o|n A7} T} Guinea pig com-
plemente £4A +& & Aot lot7h vpE of
e Abgshs FAT TEE AR 95t vk
=] wlg titration djoF ek E, AHEdhE AF
gole) wl=A] 015 mM CaCl:9 1mM MgCL7}
FrhElolob guk Catto} Mgt o]0l glod X
A7t FAsEA etk

NE 9 F99 FrE A3z & o=
o] 38 Algd FAE 71e H FUI T
oz ¥W 249 g xEL vigch 12§43
12 st Algo] E3E #4392l xE 8Hd 2
g o] 7alE Aol uis) AR AF
3t} AHoz gXE Tof BHA nFoF T
Ado] FAE ] WFo] B-QlE HAAA} fFeld
t} (Fig. 3). A8 & A9 5% A2 g9 5
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Percent Lysis
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]

30
20 -
10 +
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0 1 2 3 4 5 6 7 8 9
T, (ng)

Figure 4—Standard curve for thyroxine (Ts) obtained by
liposome immunoassay methods. Assays were performed
by the standard procedure with 3 u/ of guinea pig serum,
3 W of antiserum, and various amounts of thyroxine (Ref. 2).
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Figure 5—Correlation of complement-mediated liposome
lysis (CL50) with CH50 test results for 77 human serum
samples. CL=13.2 (CH50)—31.8 (r=0.98) (Ref. 32).
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Figure 6 —Homogeneous cytolytic-dependent antigen-com-
petitive anhibition Liposome Immunoassay. (1) Antibody
addition to sample antigen. (2) Addition of antigen-cytolysin
conjugate. (3) Marker-filled unsensitized liposome added.
(4) Liposome lysis with marker release.

Key : , Marker-filled unsensitized liposomes; ¥, an-
tibody; o, antigen detected; .-, antigen-cytolycin con-
jugate.
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Figure 7—Construction of standard calibration curve for
gentamicin. Results are expressed as mean + SD (n=3)

(Ref. 16).
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Figure 8 — Schematic representation of the solid-phase im-
munoliposome.
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Figure 9— Schematic representation of the cardiolipin-ba-
sed liposome immuncassay.
Key : Y, anti-DNA antibody; %, cardiolipin (Ref. 41).
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Figure 10— Homogeneous detergent antigen and anti-
body-competitive inhibition Liposome Immunoassay. (1)
Antibody assay : Antigen/detergent/substrate reagent ad-
ded to sample antibody analyte diluted in buffer with en-
jzyme-antigen conjugate-filled liposomes. (2) Antigen as-
say : Sample antigen analyte diluted in detergent/substrate
reagent added to solution of antibody-filled liposomes and
enzyme-antigen conjugate. (3) Liposome lysis with chemi-
cally changed substrate for detecting sample analyte of
either antibody or antigen.

Key : ©, unsensitized liposome; A, detergent;e», enzyme-
antigen conjugate; O, antigen; %, antibody; [, substrate;
M, chemically changed substrate.
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