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ABSTRACT

To develop a home-version assay system for plasma lipoprotein cholesterol, variables that can control
the assay performance were optimized. The system was constructed by using two major components:
nitrocellulose membrane strip with immobilized enzymes (cholesterol esterase, cholesterol oxidase, and
horseradish peroxidase); and sample carrier solution containing non—ionic detergent (Triton X-100)
and chromogen (3,3’-diaminobenzidine). Once a sample combined with the carrier was absorbed from
the bottom of the strip, cholesterol was delivered by capillary action to the immobilized enzymes and a
sequential reactions took place. In the final reaction, the chromogen was oxidized and then generated a
color as signal that was proportional to the concentration of cholesterol. The signal intensity was en-
hanced by optimizing conditions for the immobilization of enzymes and the chemical composition of car-
rier. Under these conditions, a dose-response curve was obtained and revealed a high sensitivity enough
to measure the cholesterol in blood.
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Fig. 1. Two major components of a membrane
assay system for lipoprotein cholesterol.
One is a membrane strip with immobi-
lized enzymes :cholesterol esterase (CE),
cholesterol oxidase (CO), and horserad-
ish peroxidase (HRP). The other is sam-
ple carrier solution containing detergent,
chromogen, and buffer.
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Fig. 2. A principle of lipoprotein cholesterol measurement by using the membrane system. A blood sample
combined with the carrier is absorbed from the bottom of the membrane strip and the aqueous mix-
ture is migrated upward by capillary action (A). Once the mixture reaches the sites of immobilized
CE and CO, a sequential reactions take place and hydrogen peroxide is then produced (B). In the
presence of this product, HRP oxidizes chromgen and a color is generated as signal that is propor-

tional to the cholesterol concentration (C).
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Fig. 3. Effect of methanol treatment of nitrocellu-
lose (NC) membrane on the assay per-
formance. Treatment of NC membrane
with 10% methanol before enzyme
immobilization resulted in an increased
signal.
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Fig. 4. Determination of optimal concentration of
CE and CO immobilized on the mem-
brane. The mixture of enzymes prepared
in 14 (CECO weight ratio) was used to
apply onto the membrane. The signal in-
tensity from the membrane strip system
was increased in proportion to the enzyme
concentration in the selected range. Maxi-
mum concentration allowed was Smg/ml
of total enzymes and this condition was
used in the following experiments.
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Fig. 5. Determination of optimal conditions for
the enzyme immobilization. Two condi-
tions were varied: incubation condition
and time. After applying enzyme solution
to the membrane, enzymes were incubated
in air or in a 100% humidity box. The lat-
ter was more favorable for the mainte-
nance of enzyme activities. Regardless of
different incubation modes, the optimal in-
cubation time was 1h.
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Fig. 6. Determination of optimal concentration of
Triton X —100 in the carrier solution. The
optimal concentration was 1% which was
significantly higher than that in a conven-
tional system. This result reflected that the
detergent is not required only for the de-
struction of lipoproteins, but also for the
facilitation of cholesterol migration
through membrane pores (see text for de-

tails).
of EAaE) EEFREHY] H3 THzx Y At
A2j7b gl FaHE HAbel o ED"}E AlZke odut
Hog 164 oldfelct. 2}, £ AddlM 54 E
LahA17]71 sl 50% glycerole] £3HEl Az} o
2 Sodo] AHEHAUD(HAN dFH W& F
Z), wp2bA ojzigk £ ol Fagxte] Ak
v #AH3 Zrase] ddHe Aerd HogE

2
Ugo] £257] 98 AR HjepAlzie] 271 A
o2 e,

A SN ] AlHA] T

aange] ARAZA AReay i el Z
35l cholesterolg 4o 2 ¥ %A] 7171 & A=
A7t AR&E et vlo] 24 A A el Triton X-1007}
Ad =gy AzEgA7le e 2 s %o
AEEAH(Fig. 6). AzA7E vy @2 A4
Ao el 2 sl Aujastd F7bskal
Aok ABAS] FEoh e o uleahe] 7ashal
2, 2 AAsEE Azedsd o 2L oF 1
% <l 7ﬂ°i vhebutth. AHA Y sxrt HHA B
o} Y AL Fojzl AAcklA dzlE 7%= g3



Vol.11, No.2

Al71A BSnE o g oFo AHRAsL 2FEHA
ok, 7 ofo| oJo B A" e REsd a4t
gAY 1 427 A E 5 sl (14, 16).

o4 AA= Triton X-1009 HAexal 1%
+ microwell & AH83ke A SHA|AH A
F2 8 3k F=(6)Btk dA3 =4 o]
membrane strip Aj2EHA 27 HE TS EF
cholesterol®] 483 o|FA3 WA Fao] 9=
1o 2 d2gt}, BMEAal cholesterol ¥} #}A
25447 e] v Fo} membrane THo} &
Ao AMS-H AR Al LA AdE At
o s Fzsleis Adko] =Tk Triton X-100
Z2E ARAEA s 274 A FEeE
g5l A (17) 2AF-Eo] membrane &2 ©
A Bal Tl detEA =Hw ZHo] 343iE e
cholesterol®] F-at&- ofube 4= glg b oz}
membrane?] AF& 53 ol5 g d&3A HE &
k. 2ER, A A9 g A
alztel gh3je} gk cholesterole] o] FAol sl
AAbee) 7o 2 dodEc)

Koo ro rr

b

1=4

WAEA BT

AAA ool Algeubgde] Fo FHALEL A
55 WA A F Aot LAFAL choles
terol9] CE2} CO Rajut-2o 2Ry AAH als}
F49] Zr)5tel| 4] HRP gA4ub2of o) Akstgich
olubAo 2 Fhelabelel WA gL Folx|ut Abs)

=
g HE =HA FHa o] AdEAHL T B4
Ao|n 2 membrane EHol Az
o2 Ahed ¢ ole TAEAY £RE4 4-chloro-
1-naphthol(4CIN), 3,3'5,5'-tetramethyl benzi-
dine(TMB), 28] DAB7} za=|gich(18). d)y)
Agd A e, TMBe AlZdAanziers} o}
WA =l 4CINE &H& AZ37] 98] 87He
F-714sf7k NC membranes &a84|7ls A w&
o AH8-" 4= glsith old ¥+ #AHE& DABY
Ao R diAdd 4 e B ole ter] &
o el Co 3 Ni 49 H7IE Az7t 52
sdch(1z, 19).
AR "ol ARE" S gl

T& ZAAs] dd A5bed W DABY &
£ HIAA 2ol we} BAH Az A7E EAFA
th(Fig. 7). Az ¥ w2844 2 &
of vl#gte] FrlstdA|et vEAH F& =W
A& dhe|gste] st Az s o4

B
o
I
L
Ay
s
e
n

147
LP cholesterol
120 4
A 100mg/di
= 0 200mg/dl
g
']
=
]
270 1
j=%
e
]
e
ab
2
20 +
i

DAB[mg/m1]

Fig. 7. Determination of optimal concentration of
3,3-diaminobenzidine (DAB) as chromo-
gen in the carrier solution. The maximum
signal was obtained with 1mg/ml of DAB
which was 2 times higher than in a con-
ventional system. This represented a loss
of the chromogen by adsorption during
wicking process before reaching the site of
HRP immobilized.
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Fig. 8. Determination of optimal pH and molari-
ty of the carrier solution. The buffering
conditions of the carrier were varied by
using acetate buffer that was selected for
high signals. Optimal pH and molarity
were 5.1 and 50 mM, respectively. The ef-
fect of pH on the system performance was
more pronounced than that of molarity.
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Fig. 9. Dose-responses of the membrane strip
system constructed under optimal condi-
tions. Typical results of signal generation
on the membranes were obtained by using
a video image analyzer (A). The signals
were quantified by using an image soft-
ware and a dose-response curve was ob-
tained (B). This curve revealed a detection
limit of approximately 50mg/dl of lipopro-
tein cholesterol.

o5t A% olabmo]x 200~239mg/dl Hejo]ul
cholesterol®} z[ulo] ZF=l AlE ol MHE 245}
ofof slm] 239mg/dlE =3t H FYAs e gt
A7 g go] o Fong JEXFE I
22 (1), old FHd A 2FHE
cholesterol &4 9= 150~300mg/dl AHzo]xm
et ok 100mg/dlelt). o)} 2o g2 A
+ & =T s A x"o] 2FAL F



Vol.11, No.2

200

LP cholesterol
0 100mg/dl
M 200mg/di

Signal(Optical density)

Storage time

Fig. 10. Stability of the membrane strip system
against storage time. The system con-
structed was stored for 6 hours at room
temperature and thereafter at 4C in the
presence of silica gels. A decreased signal
was measured after 10 days.
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