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Abstract—A membrane immuno-chromatographic system that selectively separates plasma lipoproteins and gener-
ates a signal in proportion to the concentration of cholesterol (HDL-C) within high-density lipoprotein (HDL) was
investigated as a point-of-care device for the prognosis of coronary heart disease. The system consists of three func-
tional membrane strip pads connected in a sequence for: (from the bottom) immuno-separation based on biotin-
streptavidin reaction, catalytic conversion of cholesterol to hydrogen peroxide, and production of a signal. For immuno-
chromatography, a monoclonal antibody, specific to apolipoprotein B100 that is present on the surfaces of low-density
lipoproteins (LDL) and very low-density lipoproteins (VLDL), with a high binding constant (8 k/tfol) was raised
and chemically conjugated to streptavidin. The conjugate was first reacted with lipoprotein particles, and this mixture
was absorbed by the capillary action into the biotin pad of the system. After being transferred by medium, immuno-
capture of LDL and VLDL particles onto the biotin pad took place jmsiu generation of a signal in proportion to
HDL-C consecutively occurred. The capture was selective as well as effective (minimum 90% of LDL and VLDL in
clinical concentration ranges), and the detection limit of HDL-C was far lower than 20 mg/dL. To construct a user-
friendly device, we are currently investigating the automation of such processes of reactions and separation by adapting
a liquid flow-controlling technology that programs the times for the immune reaction and separation. My group further
pursues an interdisciplinary study to develop a micro system employing semiconductor-based technologies that will
eventually enable the handling of sub-micro liter volume of body fluid as a specimen.

Key words: Point-of-Care-Testing, Membrane Strip, Immuno-Chromatography, Plasma Lipoprotein Cholesterol, Non-
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INTRODUCTION teins). Three major classes of the lipoproteins, mainly classified ac-
cording to their densities, are very low-density lipoproteins (VLDL),
A complete separation of a particular protein even on a microow-density lipoproteins (LDL), and high-density lipoproteins (HDL)
scale can be accomplished by utilizing antigen-antibody reactiongBachorik and Albers, 1986; Bachorik and Ross, 1995; Nauck et
in a solid phase. Since an antibody can recognize only one sulal., 1995; Rudel et al., 1974].
stance (i.e., antigen) or few compounds having structures similar to LDL is a relatively cholesterol-enriched product converted via the
the antigen, immuno-separation employing a highly specific reacdipolysis of VLDL that is synthesized in the liver [Mackness and
tion usually yields an ultra-pure product of the process. A competDurrington, 1992], and transports cholesterol to tissues. HDL pro-
ing technology to such performance as to the isolation of proteirduced in the liver and small intestine [Tall, 1990] reversely trans-
has not yet emerged to date. My research group has concentratpdrts cholesterol from tissues to the liver for elimination [Gordon
on the development of various diagnostic systems based on imand Rifkind, 1989; Johnson et al., 1991; Mackness and Durrington,
muno-separation utilizing a membrane strip as solid matrix for thel992; Tall, 1990]. An increase of LDL cholesterol (LDL-C) level
immobilization of antibodies. A typical example among the out- in blood may result in the deposition of cholesterol molecules in
comes is the development of a point-of-care device quantifying cholthe arterial wall, which could eventually lead to CHD [Bachorik
esterol (HDL-C) within plasma high-density lipoprotein (HDL) as and Ross, 1995; Rifai et al., 1992]. On the other hand, the level of
an indicator of the incidence of coronary heart disease (CHD). HDL cholesterol (HDL-C) is inversely correlated with the incidence
Cholesterol is an essential material in the human body: for exof CHD [Gordon and Rifkind, 1989; Gordon et al., 1977; Johnson
ample, a precursor of steroid hormone and a constituent of cell menet al., 1991; Tall, 1990]. It has been reported that decreased HDL-C
branes. The lipophilic substance is transported between peripherak well as increased LDL-C are independent factors causing CHD
tissues and the liver by plasma lipoproteins [Gotto et al., 1986; JohrfSchaefer, 1991; Warnick and Wood, 1995].
son et al., 1991; Mackness and Durrington, 1992; Noble, 1995]. We have investigated a novel analytical system that can be used
These have the structure of a spherical particle containing esterfor a routine monitoring of CHD risk. The system can measure a
fied cholesterol and triglyceride within a surface layer consisting ofsingle-class plasma lipoprotein cholesterol, such as HDL-C and
phospholipid, free cholesterol, and embedded proteins (apolipopra:DL-C, by means of immuno-chromatography on membrane strip
andin situsignal generation. In this communication, the membrane
To whom correspondence should be addressed. strip system using a lateral flow technology is reviewed, and an auto-
E-mail: shpaek@tiger.korea.ac.kr mation of the analytical processes and scale-down approach to bio-
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micro system are discussed. tem used for measuring total cholesterol was supplemented by in-
troducing the monoclonal antibody to apo B100 raised as described

MATERIALS AND METHODS above. An antibody pad was prepared by immobilizing the mono-

clonal antibody on an NC membrane via physical adsorption or

1. Materials chemical linkage [Paek et al., 1999]. A biotin pad was also fabri-

Human lipoproteins, apolipoproteins, enzymes, and streptavidircated by chemically reacting biotin-BSA conjugates to the NC mem-
(SA) were purchased from Calbiochem (La Jolla, CA). Cholesterolbrane. As another component, antibody-SA conjugates were syn-
calibrators, sodium cholate, 3,3-diaminobenzidine (DAB), poly- thesized by reacting SMCC-modified antibody with SPDP-acti-
L-lysine hydrobromide (PLL), bovine serum albumin (BSA), and vated SA after treatment with DTT [Paek et al., 1999]. A mem-
chromatographic gels were obtained from Sigma Chemical Co. (Sbrane strip system incorporated with either the antibody pad (refer
Louis, MO). Sulfosuccinimidyl-6-(biotinamido) hexanoate (NHS- to Fig. 1) or biotin pad (Fig. 7) was tested to select an effective meth-
LC-biotin), sulfosuccinimidyl 4-[N-maleimidomethyl]cyclohexane- od for immuno-separation of lipoprotein particles as previously de-
1-caboxylate (SMCC), dithiothreitol (DTT), and N-succinimidyl-3- scribed [Paek et al1999].

[2-pyridyldithil] propionate (SPDP) were products of Pierce (Rock-

ford, IL). Nitrocellulose (NC) membranes and cellulose membranes RESULTS AND DISCUSSION

were purchased from Millipore Corp. (Bedford, MA) and What-

man Ltd. (Singapore), respectively. All other reagents used were df. Analytical Concept

analytical grades. A membrane immuno-chromatographic procedure may offer a
2. Monoclonal Antibody simultaneous operation of the two processes, i.e., immuno-separa-

Monoclonal antibody to apo B100 was produced from BALB/c tion of a single plasma lipoprotein and enzymatic conversion of
mice by following a standard method [Kohler and Milstein, 1975; cholesterol within the lipoprotein particles. An assay system that
Paek et al., 1993]. Tests for screening were performed by utilizingcan provide such performance consists of three major components
human plasma lipoproteins (VLDL, LDL, or HDL) as described (Fig. 1; HDL-C used as analyte in the model system): 1) antibody
elsewhere [Paek et al., 1993]. Finally, the antibody was purified orpad with an antibody, specific to apolipoprotein (apo) B100 that is
Protein G column [Hermanson et al., 1992]. present on the surfaces of LDL and VLDL particles [Fisher and
3. Signal Generation Schumaker, 1986; Mackness and Durrington, 1992], immobilized

For the generation of a signal proportional to total cholesterolon the surfaces of NC membrane, 2) enzyme pad with reagents de-
level in a sample, an assay system was constructed by integratirgpmposing lipoproteins and cholesterol, i.e., a detergent, two en-
the following three membrane strip pads (see Fig. 1): sample applizymes, cholesterol esterase (CE) and cholesterol oxidase (CO), and
cation pad (in place of antibody pad), enzyme pad, and signal pad chromogenic substrate for horseradish peroxidase (HRP), impre-
[Paek et al., 1999]. The pads prepared were partially superimposeghated in a cellulose membrane, and 3) signal pad with HRP im-
on each other in an arrangement and mounted onto a polyester filmobilized on a defined region of NC. To construct an analytical sys-
by using double-sided tape. Such devised strip systems were uségeim, the membrane pads are partially superimposed and then at-
for assays of lipoprotein cholesterol and the signals generated aftéached to a backing support (refer to Fig. 1).

10 min were measured by a method of scanning photometry [Paek Material transfer invoked by wicking through membrane pores

et al., 1999]. of the system serially connects different reaction processes taking

4. Immuno-Separation of Lipoproteins place on each functional pad without handling reagents (Fig. 1). A
To measure a single-plasma lipoprotein cholesterol, the strip syssample containing mixed plasma lipoproteins is absorbed from the
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Fig. 1. The analytical concept of an immuno-chromatographic assay system that measures the concentration of a single-class digapr
cholesterol, exemplified by the measurement of HDL-C.
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bottom of the membrane strip system (Fig. 1.1). The aqueous solling assay. The relative concentration of CE to CO was determined
tion is transported upward by capillary action along the antibodyto obtain a broad dynamic range in the dose-response curve.
pad, and two lipoproteins, LDL and VLDL, bind to the immobi-  The signal generation system fabricated under optimal condi-
lized antibody while HDL is carried by medium into the enzyme tions [Paek et al., 1993] was used to obtain a dose-response curve
pad (Fig. 1.2). The HDL particles are destroyed in the presence db standard concentrations of lipoprotein cholesterol (Fig. 2). The
detergent, and cholesterol and cholesteryl ester are then releassinal expressed in optical density varied in a range of 20 to 200
(Fig. 1.3) to decompose and produce hydrogen peroxide by employmg/dL cholesterol in proportion to the concentration. Since the color
ing the following sequential enzyme reactions (Fig. 1.4) [Artiss etintensity at 20 mg/dL cholesterol was significantly higher than the
al., 1991; Mackness and Durrington, 1992]: background, i.e., signal at zero dose, the detection limit of the sys-
tem was determined to be far lower than the concentration. In most

Cholesterol esterase (CE - . -
€ clinical samples, the cholesterol levels of each plasma lipoprotein dis-

holesteryl ester+}@- - - - - - - - - - > Cholesterol+Fatty aci .
Cholesteryl es gr:isterol oxidase (CO? olesterol+Fatty acid tribute between 20 and 70 mg/dL for HDL-C and 100 and 200 mg/
Cholesterol+Q - > Cholesten-4-one-+@, dL for LDL-C [Mackness and Durrington, 1992; Schaefer, 1991].

Therefore, the enzyme pad system devised can be used to quantita-
Upon transfer into the next pad, hydrogen peroxide sequentiallytively assess the risk factors of CHD.
reacts with enzyme HRP in the presence of chromogen as follows3. Immuno-Separation of Lipoproteins
3-1. Apolipoproteins as Specific Markers

The concentration of cholesterol in a single-class of lipoprotein
(HDL in the model system) can be measured after separation of
Such a series of reactions produces a color from the oxidized chrdhe other lipoproteins by using antigen-antibody reactions in a solid
mogen as a signal on the membrane surface (Fig. 1.5). The colghase (see Fig. 1). As shown in Fig. 3, the plasma lipoproteins have
can be readily measured by converting it to optical density [Nils-the shape of a spherical particle containing protein(s), i.e., apolipo-
son et al., 1995; Sterling et al., 1992] in proportion to the concenprotein (in abbreviation, apo), embedded on the phospholipid mem-
tration of HDL-C. The analysis can be completed without addingbrane surface. Each lipoprotein holds different profiles of protein
or removing reagents and also within a relatively short time (e.g.{refer to the table in Fig. 3), which enables us to isolate a single spe-
10 minutes). cies provided antibodies specific to apolipoproteins present exclu-
2. Signal Generation sively on the other lipoprotein particles are used for the immobili-

In order to facilitate the quantitative evaluation of the immuno- zation. For instance, if an antibody to apo B-100 contained in LDL
separation that is the key process in the cholesterol analysis, we firahd VLDL was placed on the antibody pad as demonstrated in Fig.
optimized a system for signal generation [Paek et al., 1993]. Théd, HDL can be separated for quantifying its cholesterol concentra-
enzyme pad of the system was fabricated by modifying previoudion. Likewise, the utilization of antibodies to the other apolipopro-
investigations for total cholesterol [Allen et al., 1990; Law et al., teins such as apo A, C, and E permits the fractionation of LDL.
1997; Noble, 1933]. The enzyme pad contained a detergent (e.d3-2. Immune Reactions at Liquid-Solid Interface
sodium cholate and Triton X-100) for disintegrating lipoprotein par-  In most immune reactions at liquid-solid interface, the yield of
ticles, two enzymes CE and CO for decomposing cholesterol, and eomplex formation mainly depends on the binding constant of the
chromogenic substrate (e.g., DAB) for HRP [Hsu and Soban, 1982antibody and the accessibility of antigen to the immobilized anti-
Paek et al., 1999] located on the signal pad. The color signal corbody [Schramm and Paek, 1992]. Based on preliminary experimen-
verted from DAB was further intensified by introducing two met- tal results, we selected a monoclonal antibody, specific to apo B100,
als, cobalt and nickel [Johnson et al., 1991]. These components wetgith the highest binding constant of 5%¥10mol among the avail-
deposited within interstitial spaces of cellulose membrane (Whatable. Under this condition, the accessibility of antigen may limit
man Qualitative #1) that were also used for enzyme reactions duthe binding complex formation and, thus, we have concentrated on
the provision of a better accessibility of the lipoprotein particles to
the binding sites of the insolubilized immunoglobulins.

Horseradish peroxidase (HRP)
H,0,+Chromogen - - - - - - - - - > Oxidized chromogen+2H
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Fig. 2. Dose-response curve from the membrane strip system to of apo (lipoproteins) on the particles in different classes of
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Fig. 4. Comparison of the efficiencies of immuno-separation of LDL with an antibody immobilized on the membrane surfaces of the
antibody pad by using variable methods. See text for details.

The accessibility highly depends on the size of antigen and im-also localized at the end of each arm in thedgion. These fea-
mobilization method of antibody [Cantarero et al., 1980; Matsontures unique to an antibody may create a distinct aspect in its im-
and Little, 1988; Schramm and Paek, 1992]. The size of LDL andmaobilization on a solid matrix.

VLDL particles, for example, is distributed in a range of 19 to 45 Upon addition to the solid support, the antibody molecule dur-
nm in diameter [Mackness and Durrington, 1992], which is typi- ing an initial time period may weakly interact with the support and
cally 10 times larger (i.e., 1000 times larger in volume) than thoseprovide a condition for a lateral diffusion of this molecule along
of other proteins. For a better complex formation at the interfacethe surface. The diffusion process could continue until the most ther-
different methods of immobilization were attempted for compari- modynamically stable state as to the interaction between the pro-
son (Fig. 4). A sample containing LDL was added to the analyticaltein and the solid support reaches. The next molecule colliding with
system shown in Fig. 1, and the binding efficiency onto the anti-the surface could undergo the identical procedure of mass transfer
body pad was determined by measuring the decrease of signal aad, in this circumstance, it may additionally interact with the immu-
compared to the control obtained in the absence of antibody (Naoglobulin already immobilized. This results in the antibody mole-
antibody, Fig. 4). If the antibody was immobilized by either physi- cules present in proximity to one another. A repetition of the same
cal adsorption (Phy. Ads.) or chemical binding via polymer strandsprocess eventually creates a cluster or patch of protein molecules
of PLL onto the pad (Chemical), the degree of signal reduction wasn the solid surface.

insignificant or not sufficient for the capture of a large quantity of The complex density of an antigen with the immobilized anti-
LDL (e.g., 100 mg/dL). In addition, although we have also increasedody increases proportionally to the surface concentration of the
the surface density of immunoglobulins by adding a high concenantibody, but it soon reaches a maximum limit depending prima-
tration of antibody or introducing a small pore size of membranerily on the antigen size (Fig. 6, left) [Cantarero et #80; Sch-

no profound improvement in the capture efficiency was obtaineddamm and Paek, 1992]. The maximal complex density is higher for
(data not shown). the smaller antiger*4-P, MW 730) than for the larger antigen con-

3. Limiting Factors of the Accessibility jugated to an enzyme (P-HRP, MW 40,000). At these antibody con-
Immunoglobulin is a relatively huge Y-shape molecule (a mole- centrations, however, maximal packing of immunoglobulin on the
cular weight of 15.5 kDa) with a dimension of approximately 24 surfaces has not been attained. If the antibody molecules are ran-
nm-width and 10 nm-height (Fig. 5). In spite of the large size, thedomly distributed on the surface, there should be sufficient space
antigen binding site (i.e., paratope) of the antibody is extremely smallor the large antigen to allow lateral access to the binding sites. These
entity consisting of only 3 to 5 amino acids out of total 1,320 andexperimental results support that, as mentioned above, the anti-
body molecules occupy the surface in clusters or patches. The sizes
of these patches increase when incubated with an increasing con-

' 1 24 nm — centration of antibody afthough the number of binding sites acces-

1-5 amino acids

p sible to the antigen is almost constant (Fig. 6, right). If the molecular

[~ = i ize is exiremely large as for plasma lipoprotein particles, the ma
| — bireing site size is extremely large as for plasma lipoprotein particles, the maxi-

10 nm ) Viartab mum complex density attainable is relatively low and, therefore, a
1 E [ Light i complete immuno-separation of a single lipoprotein with an immo-

. cnain L= Ll . . o
4 L bilized antibody may become difficult.
Heawy Carbohydrate 3. Immune Reactions in a Liquid Phase

chair chain Since the yield of complex formation between the lipoprotein and

Fig. 5. A schematic presentation of the antibody molecule in a ~ antibody at liquid-solid interface was low, a method for carrying
class of immunoglobulin G. out the reactions in a liquid phase was investigated. To attain this
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Fig. 6. Binding complex formation of different antigens in the size with an immobilized antibody (left) and a schematic preseritat
describing dissimilar accessibilities of small and large antigens to the antibody (right).

Streptavidin-antibody flexible linkage between biotin molecules and BSA in the conju-
conjugate (SA-Ab) gate.

N The immuno-separation of HDL by using streptavidin-biotin cap-

ture system was specific and efficient in clinical concentration ran-

ges of plasma lipoproteins [Paek et al., 1999]. Binding tests for each
N lipoprotein revealed that apo B100-containing lipoproteins, LDL
IBngzg%L'izr]Ed and VLDL, were bound on the biotin pad while HDL did not par-
ticipate in the binding reaction. However, the fractional capture of
lipoproteins, estimated by the reduction in the signal as demonstrated
in Fig. 4, decreased as the lipoprotein concentration increased. The
capture rate was equal to or higher than 90% for LDL-C between
¢ 100 and 200 mg/dL, and 92% for VLDL-C between 20 and 40 mg/
dL. The immuno-chromatographic procedure was simple and fast

compared to conventional methods [Mackness and Durrington,

+

1992; Skinner, 1992] and, therefore, can eventually be used for
point-of-care testing.
Fig. 7. Immuno-separation of lipoprotein particles based on strep- 4.Dose Responses .
tavidin-biotin capture method. The analytical system developed for HDL-C as described above
was assessed as to selectivity by utilizing samples of lipoprotein
mixtures as previously reported [Paek et al., 1999]. These mixtures
goal, we designed a capture system utilizing streptavidin-biotin bindas standard samples contained LDL and VLDL, adjusted to typical
ing with the highest binding constant (order of ILmol) among clinical concentrations of cholesterol (150 mg/dL LDL-C and 20
known biological reactions [Weber et al., 1989]. Biotin chemically mg/dL VLDL), in the combination of HDL at different concentra-
linked to BSA as carrier replaced immunoglobulin on the antibodytions (0 to 100 mg/dL). This setting allowed us to obtain dose re-
pad (now, converted to ‘biotin pad’) and streptavidin was conjugatedsponses of the system to the analyte. Without using antibody to apo
with the antibody (SA-Ab) specific to apo B100. After the conju- B100, the system produced high signals as responses to variable
gate, SA-Ab, reacted with LDL to form an antigen-antibody com- doses. In the proposed conditions with the antibody, the system did
plex in a liquid phase, this mixture was absorbed from the bottonmot only reduce significantly the signals, but also showed a pattern
end of the biotin pad (Fig. 7). The streptavidin-biotin reaction took of dose response in proportion to the levels of HDL-C. Such dose-
place on the biotin pad, and an effective removal of the lipoproteirresponse pattern was approximately identical to that obtained with
was indeed achieved (SA-Biotin in the right of Fig. 4). samples in which HDL was solely present. These results indicated
Such effectiveness in the elimination of LDL particles is attri- that the membrane strip system can be utilized to quantitatively de-
buted mainly to a free accessibility of the lipoprotein particles to thetect HDL-C provided a sensor, converting the cholesterol concen-
antigen binding sites of antibody since the immuno-reaction wadration to a physically measurable signal, is incorporated into the
carried out in a liquid phase. The multiple binding sites present oranalytical system.
a streptavidin molecule, conjugated to an immunoglobulin, may5. Electrochemical Immunosensor
also improve the probability of the capture on the biotin pad if com- Hydrogen peroxide, a product from enzymatic reactions of chol-
pared to a monovalent binding [Paek et al., 1999]. This conditionesterol (refer to Fig. 1), is an electrochemically active substance that
would improve the reaction yield especially under non-equilibrium can be decomposed to produce electrons upon application of a vol-
conditions of immuno-chromatography described in this commu-tage. These are then transferred into an electrode surface and induce
nication. The capture efficiency further increases by adapting a longa current increase in proportion to the cholesterol concentration. To
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o~ . reactions and separation via a control technology of liquid medium
! S ﬁfﬂ;f_‘;"m Betie ) flow. Furthermore, a non-invasive micro system manipulating a na-
':j""""'r__ | on MG ._..'Hm.-.q:u_- contacts no liter-size sample as mentioned is being investigated in parallel
F = _a": with the automation.
Envena alsoption ACKNOWLEDGMENTS
patl [izad
4 This research was supported in part by the ‘Center of Advanced
Bioseparation Technology’ at Inha University.
't'ﬂa?:':;:: Current changes under
P : constant voltags appies REFERENCES
P P '_-'Ea
BEESESSS mm—" e Allen, M. P., DeLizza, A., Ramel, U., Jeong, H. and Singh, P., “A Non-
| F-:: j:: ron J instrumented Quantitative Test System and its Application for De-
\_\_ 2 . ,x’ termining Cholesterol Concentration in Whole Blo@Gdh. Chemy,

_ — _ 36, 1591 (1990).

Fig. 8. Membrane strip immunosensor for a single-class plasma  aiss, 3. D., Feldbruegge, D. H., Kroll, M. H., McQueen, M. J., Pry, T.,
I|poprote|n cholesteral employing an electrochemical de- Zak, B. and Ziegenhorn, J., Measurement of Cholesterol Concentra-
tection technology. 7 9 Y o

tion, Methods for Clinical Laboratory Measurement of Lipid and
Lipoprotein Risk Factors, N. Rifai, and G. R. Warnick (eds.),

realize such a quantitative method based on amperometry, we fabri- AACC Press, Washington, DC (1991).

cate carbon/silver electrodes directly screen-printed on NC memBachorik, P. S. and Albers, J. J., “Precipitation Methods for Quantifica-

brane as solid matrix, and replace the signal pad of the analytical tion of Lipoproteins;Meth. Enzymal129 78 (1986).

system with the new membrane (Fig. 8). The electrodes are paBachorik, P. S. and Ross, J. W., “National Cholesterol Education Pro-

terned in a planar structure consisting of working, counter, and re- gram Recommendations for Measurement of Low-Density Lipo-

ference electrodes. Electric contacts extending from the sensor part protein Cholesterol: Executive Summagiin. Chem 41, 1414

are printed on a plastic film acting as an insulator against the medi- (1995).

um flow. The aqueous solution absorbed from the bottom of theCantarero, L. A., Butler, J. E. and Osborne, J. W., “The Adsorptive Char-

strip system will transfer hydrogen peroxide to the membrane with  acteristics of Proteins for Polystyrene and their Significance in

electrodes and then directly flow into the absorption pad. As an al- Solid-Phase Immunoassaysiial. Biochem 105, 375 (1980).

ternative approach, the colorimetric signal shown in Fig. 1 can alsd-isher, W. R. and Schumaker, V. N., “Isolation and Characterization of

be converted to optical density by using, for instance, a scanning Apolipoprotein B-100Meth. Enzymal128, 247 (1986).

photometry and charge-coupled device. Gordon, D. J. and Rifkind, B. M., “High-Density Lipoprotein - the

6. Bio-Micro System Clinical Implications of Recent Studieblew Eng. J. Med321,

The membrane strip system as diagnostic device requires, as in 1311 (1989).

most clinical tests, a sample of approximately 10 toplO8rawn Gordon, T., Castelli, W. P., Hjortland, M. C., Kannel, W. B. and Daw-

from a peripheral blood by pricking the skin. Such invasive sam-  ber, T. R., “High Density Lipoprotein as a Protective Factor Against

pling is not preferred and, thus, a method alleviating pain is needed Coronary Heart Diseas&mer. J. Med62, 707 (1977).

to investigate in the near future. Although a significant reduction inGotto, J., Antonio, M., Pownall, H. J. and Havel, R. J., “Introduction to

the volume of sample down to a nanoliter scale may satisfy the need the Plasma Lipoproteindfleth. Enzymal128, 3 (1986).

of non-invasive diagnosis, such extremely small volume cannot béHermanson, G. T., Mallia, A. K. and Smith, P. K., “Immobilized Affin-

handled in the membrane strip with a macro dimension. To attain ity Ligand Techniques, Academic Press, Inc., New York (1992).

the goal, we are devising a miniaturized system by employing eHsu, S.-M. and Soban, E., “Color Modification of Diaminobenzidine

micro-electro-mechanical system (MEMS) technology. This micro  (DAB) Precipitation by Metallic lons and its Application for Dou-

system combines with biological components and bio-reactions that ble Immunohistochemistry. Histochem. Cytochen30, 1079

are required for the measurement of a single-class plasma lipopro- (1982).

tein cholesterol, and also adopts an integrated circuit for the signalohnson, W. J., Mahlberg, F. H., Rothblat, G. H. and Phillips, M. C.,

amplification, analog-to-digital conversion, and registration. “Cholesterol Transport Between Cells and High-Density Lipopro-

In conclusion, we have developed an analytical concept that can teins;Biochim. Biophy. Actdl085 273 (1991).

be utilized to construct a point-of-care device measuring a singleKohler, G. and Milstein, C., “Continuous Culture of Fused Cells Secret-

class plasma lipoprotein cholesterol such as HDL-C and LDL-C. ing Antibody of Predefined Specificitiflaturg 256 495 (1975).

The next step of this research for constructing a user-friendly dekaw, W. T., Doshi, S., McGeehan, J., McGeehan, S., Gibboni, D.,

vice is the automation of two discrete processes for immuno-separa- Nikolioukine, Y., Keane, R., Zheng, J., Rao, J. and Ertingshausen,

tion, i.e., antigen-antibody reactions in a liquid phase and the sub- G., “Whole-Blood Test for Total Cholesterol by a Self-Metering,
sequent fractionation based on SA-biotin binding, such that users Self-Timing Disposable Device with Built-In Quality Contr@liin.

merely add a specimen to the device without handling reagents. This Chem, 43, 384 (1997).

can be accomplished by precisely programming the times for thévlackness, M. 1. and Durrington, P. N., “Lipoprotein Separation and An-

March, 2001



On-Site Immuno-Diagnostic Device 269

alysis for Clinical Studies, Lipoprotein Analysis; C. A. Converse,  tion of Plasma Lipoproteins Separated and Purified by Agarose-
and E. R. Skinner (eds.), A Practical Approach, IRL Press, Oxford Column Chromatographiochem. J 139 89 (1974).

(1992). Schaefer, E. J., “Overview of the Diagnosis and Treatment of Lipid Dis-

Matson, R. S. and Little, M. C., “Strategy for the Immobilization of orders, Methods for Clinical Laboratory Measurement of Lipid and
Monoclonal Antibodies on Solid-Phase SuppaitsChromatogy Lipoprotein Risk Factors; N. Rifai, and G. R. Warnick (eds.), AACC
458 67 (1988). Press, Washington, DC (1991).

Nauck, M., Winkler, K., Marz, W. and Wieland, H., “Quantitative De- Schramm, W. and Paek, S.-H., “Antibody-Antigen Complex Forma-
termination of High-, Low-, and Very-Low-Density Lipoproteins tion with Immobilized Immunoglobulinsinal. Biochem 205 47
and Lipoprotein(a) by Agarose Gel Electrophoresis and Enzymatic  (1992).
Cholesterol StainingClin. Chem, 41, 1761 (1995). Skinner, E. R., “The Separation and Analysis of High-density Lipopro-
Nilsson, S., Lager, C., Laurell, T. and Birnbaum, S., “Thin-Layer Im-  tein (HDL) and Low-density Lipoprotein (LDL) Subfractions, Lip-
munoaffinity Chromatography with Bar Code Quantitation of C-  oprotein Analysis; C. A. Converse, and E. R. Skinner (eds.), A Prac-

Reactive ProteinAnal. Chem 67, 3051 (1995). tical Approach, IRL Press, Oxford (1992).
Noble, D., “Home Test for Cholesteroknal. Chem 65, 1037A Sterling, B., Kiang, T., Subramanian, K., Saltman, M., Smart, W., Tsay,
(1933). M., Sugarman, J., Patel, D., Monger, D., Martin, D., Gibbons, |. and
Paek, S.-H., Bachas, L. G. and Schramm, W,, “Defined Analyte-Enzy- \oss, F., “Simultaneous Patient-Side Measurement of Hemoglobin,
me Conjugates as Signal Generators in Immunoassagk,Bio- Glucose, and Cholesterol in Finger-Stick Blo@if. Chem, 38,
chem, 210 145 (1993). 1658 (1992).

Paek, S. H., Jang, M. R., Mok, R. S., Kim, S. C. and Kim, H.B., “Im- Tall, A.R., “Plasma High Density Lipoproteing; Clin. Invest 86,
munochromatographic Membrane Strip Assay System for a Single- 379 (1990).
Class Plasma Lipoprotein Cholesterol, Exemplified by High-Den- Warnick, G. R. and Wood, P. D., “National Cholesterol Education Pro-
sity Lipoprotein Cholesterol MeasuremeBitechnol Bioeng62, gram Recommendations for Measurement of High-Density Lipo-
145 (1999). protein Cholesterol: Executive Summagfin. Chem, 41, 1427

Rifai, N., Warnick, G. R., McNamara, J. R., Belcher, J. D., Grinstead, (1995).
G. F, Frantz, J. and Ivan, D., “Measurement of Low-Density-Lipo- Weber, P. C., Ohlendorf, D. H., Wendoloski, J. J. nad Salemme, F.R.,
protein Cholesterol in Serum: a Status Reygdiitj. Chem 38, 150 “Structural Origins of High-Affinity Biotin Binding to Streptavidin;
(1992). Science243 85 (1989).

Rudel, L. L., Lee, J. A., Morris, M. D. and Felts, J. M., “Characteriza-

Lee, D.-H., Epstein, N. and Grace, J. R., “Hydrodynamic Transition for 3. Page 688, column 2, Fig. 8: “Ibrahim et al. [1997] should be
Fixed to Fully Fluidized Beds for Three-Phase Inverse Fluidization; changed twice to “Ibrahim [1997]", i.e. delete “et al.”.
Korean J. Chem. Engdl7, 684 (2000).

1. Page 684, column 2, lines 5-6: Delete the word “inverse”. 4. page 687, Eq. (14)APuuce= should be

M gE& -0
*p, O
2. Page 686, column 1, lines 7-8 under RESULTS AND DIS- changed A

CUSSION: “In the case of the gas holdup correlation of Buf- M gEB -0
fiere and Moletta [1999] for bubble column” should be chang- 0 A o hp, 0
ed to “In the case of the two gas holdup correlations of Buf- O AP%ariicte _—A‘

fiere and Moletta [1999] forubble columns”.
Korean J. Chem. Eng.(Vol. 18, No. 2)



	On-Site Diagnostic Device Based on Immuno-Separation of Proteins
	Se-Hwan Paek*,**†, Joung-Hwan Cho*, Moon-Sik Kang** and Nam-Ki Min**
	*Graduate School of Biotechnology and **Bio-Microsystem Program, Korea University, 1, 5-ka, Anam-...
	Abstract�-�A membrane immuno-chromatographic system that selectively separates plasma lipoprotein...
	Key words:�Point-of-Care-Testing, Membrane Strip, Immuno-Chromatography, Plasma Lipoprotein Chole...
	INTRODUCTION
	MATERIALS AND METHODS
	RESULTS AND DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES






