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Fig. 1. Fractionation of radiolabeled I%G by
Sephadex G-50 chromatography. 0.5mCi Na™I and
22.64g anti-CRP-IgG were reacted by the chloramin
T method. I: anti-CRP-IgG*, II: free iodine.
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Fig. 2. Antibody immobilization to the mi-
croparticles. Microparticles were reacted with vary-
ing concentration of '“I-labeled antibody in cou-
pling solution for 24hr at RT with shaking. After an-
tibody-bound microparticles were washed and
resuspened in GBS, the bound antibody con-
centrations were counted ((J: bound antibody after
1st. centrifuging, [ll: bound antibody after 3rd wash-
ing, A: efficiency(%)).

10° cpm/pg 1gG A A tH(Fig. 1).

ol Xloll Z&tE HYshAe 2 o HE x=4:
CRP BA|ZAE wEEUE 343 T 0Pzt
AN A A%E A9 FE AT ol
Abe-3 mgate] A& 0.42pgo] e 10% &
gafo]glrt. o] u|@alel FA S 244 B
SAI F 94 B3t JHE 2 EA cpm
7% 273313 GBS(pH 8.2) g3d o2 13] A
2 3tar 0.1% BSAZT 336 GBS 5% o 2 23]
AT F AAE opmt e S 27 2



g &9 cpm@tF viwste vl PAPAA 2]
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Fig. 3. Microparticles were reacted with 0.5mg/ml
“Ilabeled antibody in coupling solution for vary-
ing coupling time at RT with shaking. After an-
tibody-bound microparticles were washed and
resuspened in GBS, the bound antibody con-
centrations were counted (| bound antibody after
2nd washing, A: efficiency(%)).
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o3& Folo

0|2 Xt SEutSoll 2/t CRP HAXHY I
g 4717F 2 FAE HAPAE FEER 8
At} wPzlell AFAIZ] CRP A3 YAE
BHEAUT ol AL slide’dellA] CRP7} -5 0]
Ae A AA L SRS o 27 2L
9 %7} 02mg/mQ A 7V Azsa 7
@ $3We L RATHTable 1). FH ) FE7}
02mgmio} 3t 7% CRPSH ok@ 7] W3g
HRA3 3 ol 4 sxdAE vlEAE 78 $3
NS doA A 2AE B & < vY
A€ dgAdmel Ay At 2EE =
AtgE A3} 4T A 17X % vESAIA e
CRP Zzv|Ya7h 714 A738tn 38 &3

100
—e— VBL

80 - —0— VCR

B/Bo(%)
3

H
o
1

n
o
L

0 T T
.01 1 1 10

Amounts of VBL and VCR
Fig. 4. Distribution of CRP concentration in pa-

tient serum. 74 patient sera were determined CRP
concentration by SRID method.

Table 1. Study of antibody coupling conditions for the microparticles agglutination

Agglutination response

Antibody Incubation
concentration Wash solution time & CRP conc. (mg/dl)
Titer/conc. (mg/ml) temperature neg. control 0.5 1 5 10 20

2°0.1 GBS-0.1% BSA 6 hr, RT — + + — — —
0.2 — ++ 4+ + + +
0.5-1.0 +

2°/0.2 GBS-0.1% BSA 4 hr., 37T — +4+ ++ + + +
0.5 +

2°/0.1 GBS-0.1% BSA 4 hr, 56T — + + — — —
0.2 — ++ +4+ + * +
0.5-10 +

2’01 GBS-0.1% BSA 17 hr, 4T — + + + + —
0.2 — +++ ++4+ ++ +
0.5-1.0 +

—: no agglutination, 1 : weak agglutination, +: strong agglutination, + +:very strong agglutination
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Table 2. Study of washing buffer and surfactant

Incubation time Coupling antibody

Wash solution

Microparticles agglutination response
CRP conc. (mg/dl)

& temperature conc. (mg/ml
P (mg/m) 01 05 5 10
control
4T 17hr 0.2 GBS-0.02% BSA + + + + +
GBS-0.1% BSA — + ++ + +
GBS-0.02% BSA- * + + + +
1 mM CaCl,
GBS-0.02% PVP- + + + ++ ++
0.2% Tween 20
GBS-0.02% PVP- — + + ++ ++
2% Tween 20
GBS-0.02% PVP + + + + +
—: no agglutination, +: weak agglutination, +: strong agglutination, + +:very strong agglutination
Table 3. The correlation of SRID data and microparticle agglutimoticm response
Microparticles agglutination response - + + ++
CRP concentration in sample 28 13.2 29 1.6
serum by SRID (mg/dl) 10.2 22 0.7
7.6 23 12
8.4 1.2 12
6.2 1.0 0.9
75 22 1.6
9.8 0.8
5.5 1
9.8 1
7.3 0.9
5
n 1 11 6 10
X+SD (mg/dl) 28 8224228 1.96+0.65 1.09+0.29
Range of CRP conc in serum (mg/dl) >28 50-13.2 1.0-29 0.7-1.6

—: no agglutination, +: weak agglutination, +: strong agglutination, -+ -+ :very strong agglutination

€< Y tK(Table 1). n|YP}et s G2
A E st A3 Hopsct o
) s, AE E4dA 9 75 L v, A3
Bl ol wet 2] Ao MFHEN DA
| Pate} v g7 ele] &) = WAG 5
glt}h. PVP7} 0.02%, Tween 200] 2% &€ GBS
gZgoz AAE A¢ 3 FAE 7R 9l
4 F A3 AASIE FAZ 4 AU (Table
2). CRP Z+&A0| P22 CRPAAE E48 o 3
HE2A 9Uist 2 e 2 FEE = CRP HY
FAE A A7 vPAzA Y $I=E
AAHD HeE&ex gebyoh B3 3R Y

At dEreo] 2mM CaCLE &7 Yod B F
A E PR AAEH LS AT F AR
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SRID2}o| H|MAH: $x}e] YL oz
SRID] ]3] ZXE CRP %9 E AFA
Mgt vPzl SFAWGo] o W2y
B3 A3E vl 2 et ch(Table 3). CRP A A o] ¥
=7 0.7~29mg/di]] 738 7FE ¢lEA &9
€S Yo 5~132mg/diQ] 3% 3 S
<& Bgor CRP 5%7} 28mg/dld AS &4
HJ @Gl o SHANES Holx| &gt &
% CRP XF A o2 8Qldla] & A3} CRP &
% 05~20mg/dlo| A v g} 3 FANSE B
Reow, 74709 Fd B AAME Yo =2 CRP
EEE ZAE A3 0~19.6mg/dl AlolH T BE
CRP %7} 1~3mg/dl ©|Qt} (Fig 4). 18 2=
12 SA4AA=Z AEE Aol A= 3



Table 4. Comparison of our developed mi-
croparticles-based immunoassay system with oth-
er commercial products

SRID data Commercial product

Sample “medl) 1o, B Co.

1 0 — — —_
2 5.8 ++ + 4+ 4+
3 13.2 + + +
4 10.2 + + +
5 1.6 + 4 + 4 ++
6 1 + -+ +
7 0.8 + + +
8 7.5 + + +
9 9.8 + + +
10 98 + * +
11 0.7 ++ + ++
12 55 + + +
13 7.6 + + +
14 1.2 ++ ++ ++
15 1.2 ++ + + + 4+
16 1.0 + + ++ ++
17 2.9 =+ -+ + +
18 0.9 ++ ++ ++
19 7.3 + + +
20 1.6 + + +
21 8.4 — + +
22 2.2 + + +
23 2.3 =+ + +
24 5.0 + + +
25 0.9 =+ 4 ++ ++
26 22 ++ ++ +
27 1.2 + 4+ -+ +
28 28 + + —
29 1 ++ + +

Lab.: our developed microparticle-based immunoassay
for the detection of CRP

st CRP & PAet $3ukgS A hd
Bg ez glo]l AAE EXE + At

El X S2to| B|nAH: SRID PP 2 H FH,
CRP 44 A9 €32 741 LEAA F4]
1A AES ZF20]N FUF BA AFEH
B ATdA AL vgda Sl o |
&Y & vl wdte] AP Th(Table 4). £ A
ToA AL CRP BAEZHYF 1 A AFS
sl HgkE W Z2e $3NgS Bel
299 Aol HA F 21M(72%), KA ¥He-S
B AL 8 AAA. ol2A 2978 AR BF
g blocki ol A FAME W& BHARA SR e
$TH100%)(Fig. 5). BAL A|F3} vlmwa] H3t&

g 2 SFHSE Hel o] 297 A F 227)
(75%), A & B AL 67] FAQn
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Fig. 5. Comparison of our microparticle-based im-
muoassay system and other commercial products.
The number of patients responding to the assay sys-
tem was marked in the each block (Lab.: our de-
veloped microparticle-based immunoassay for the
detection of CRP). @ correlation of I Co. product:
% of responses within the same block was 72 and
within one block was 100, ® correlation of B Co.
product: % of responses within the same block was
75 and within one block was 96.

10

178 AR ANA T ol g S H-eE HHT) of
24 2970 A 3 96%7} 3+ blockuj ol A ¥t-&-&
AR r YelEth(Fig. 4). o|2H eAEH
FAE SRS HYS & 4 AN

1. Anderson HC and McCarty M (1950): The oc-
currence in the rabbit of an acute phase protein
analogous to human C-reactive protein, J Exp
Med, 93: 25.

. Fiedel BA and Gewurz H (1976): Effects fo C-

In-
hibition of platelet aggregation and release reac-
tions, J Immunol, 116(5): 1289.

. Kaplan MH and Volanakis JE (1974): In-
teraction of C-reactive protein complexes with

reactive protein on platelet function. 1.

the complement system. . Consumption of
human complement associated with the reac-
tion of C-reactive protein with pneumococcal C-
polysaccharide and with the choline phos-
phatides, lecithin and sphingomyeli, J Immunol,
112(6): 2135.

. Mortensen RF, Osmand AP and Gewurz H
(1975): Effects on C-reactive protein on the

lymphoid system. I. Binding to thymus-de-



10.

11.

12.

pendent lymphocytes and alteration of their
functions, J Exp Med, 141: 821.

. Cassart DC, Mareschal D et al (1983): Au-

tomated particle-counting immunoassay of C-
reactive protein and its application to serum,
cord serum, and cerebrospinal fluid samples,
Clin Chem., 29(6): 1127.

. Liu TY and Gotschlich EC (1963): J Biol Chem,

238: 1928.

. Umezawa H, Doi O, Oguar M, Kondo S and

Tanaka N (1968): Phosphorylation and inac-
tivation of kanamycin by Pseudomonas aeru-
ginosa, J Antibiot (Tokyo) 21(2): 154.

Lee Hee Gu, Kim Yong Ho, et al (1989): A
simplified procedure for C-reactive protein pu-
rification, Korean Biochem J, 22(4): 498.
Mancini G, Garbonara AC and Heremans TF
(1968): Immunochemical quantitation of an-
tigens by single radial immunodiffusion, Im-
munochemistry, 2(3): 235.

Laemmli UK (1970): Cleavage of structural pro-

-47-

13.

14.

15.

16.

17.

teins during the assembly of the head of bac-
teriophage T4, Nature(Lond) 227(259): 680.
Price CP, Trull A et al (1987): Development
and validation of a particle-enhanced tur-
bidimetric immunoassay for C-reactive protein,
J Immunological Methods, 99(2): 205.

Harris RT, Stone PC, et al (1984): C-reactive
protein rapid assay techniques for monitoring
resolution of infection in immunosuppressed pa-
tients, J Clin Pathol, 37(7): 821.

Winkles J, Lunec J and Deverill I (1987):
Ehnanced-latex-agglutination assay for C-reac-
tive protein in serum, with use of a centrifugal
analyzer, Clin Chem, 33(5): 685.

Singer JM, Plotz CM (1956): The latex fixation
test: 1. Application to the serologic Diagnosis
of rheumatoid arthritis, Am J Med, 21: 888.
Cantarero LA et al (1980): The adsorptive
characteristics of proteins for polystyrene and
their significance in solid-phase imunoassays,
Anal Biochem, 105; 375.



=Abstract=

Microparticle-based Immunoassay for the Detection of C-reactive
Protein in Serum

Jae-Wha Kim', Eun-Young Song, Hee-Gu Lee, Yong-Kyung Choe,
Myung-Ja Choi*, Yong Ho Kim**, In-Seong Choe and Tai-Wha Chung

Korea Research Institute of Bioscience and Biotechnology, P.O. Box 115, Yusong, Taejon,
Korea., *Doping Control Center, KIST, P.O.Box 131, Cheongryang, Seoul, Korea,
**Department of medical laboratory Science, Inje University, 607 Obangdong, Kimhae 621-749

The C-reactive protein(CRP) from ascitic and pleural fluid was purified using calcium dependent
affinity chromatography of CNBr activated Sepharose-4B covalently coupled to p-diazonium
phenylphosphorylcholine(DPPC) and hydroxylapitite chromatography. Polyclonal antibody was
prepared from rabbit by immunizing the purified CRP. Specific immunoglobulin G was isolated
using affinity chromatography and coupled to microparticles. A sensitive microparticle-based
immunoassay was developed to measure CRP within 3 mins. The detection range was
between 0.5mg/d! and 20mg/d! in serum, showing strong response in the range of 0.7~2.9
mg/dl, weak response in 5.0~13.2 mg/d! and zone phenomenon over 28mg/d!. The average
value of CRP in 74 samples was 3.8mg/d! and most of the values were lower than 10mg/dl.
The CRP values of serum samples were determined by our microparticle-based immunoassay,
and were compared with those obtained using the other commercial products(B Co., France and
I Co., Japan). Good correlations were shown between the values obtained by our developed mi-
croparticle-based immunoassay system and those by other commercial products. All performance
characteristics evaluated make our developed microparticles-based immunoassay suitable for a
simple, rapid, and reliable screening of CRP in serum.

Key Words: C-reactive protein, microparticle-based immunoassay.
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