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SLIDE 1MMU"ZYMATIC ASSAY (SIA) : 
TD MEASURE ANTIBODIES I" SAMPIES ARE VERY SMW 

IMPWIIIING SENSITIVITY 

AND DI-, AND ANIIGEN IS SCARCE 

E. Conway de Macario, R.J. Jovell, and A.J.L. Macario 

Wadsworth Center for Laboratories and Research 
New York State Deparbnent of Health 

and 
School of Public Health Sciences 

State University of New York at Albany 
Albany, New York 12201 

Modifications to the slide inmunoenzymatic assay (SIA) using the 
PAP reagent (SIA-PAP) were developed which increase sensitivity 
considerably. These SIA modifications are particularly useful for 
measuring speedily antibodies in dilute samples available only in 
pl-volumes when antigen is scarce, whether a molecule, or a 
prokaryotic or eukaryotic cell. 

(KEY WORDS: Slide imnunoenzymatic assay (SIA); Peroxidase anti- 
peroxidase (PAP); Antibody limitation; Fibronectin; Methanococcus 
vannielii; Methanogeniun cariaci; "bxoplasna gondii; Antibody 
measurements; Increased sensitivity; Monoclonal antibodies). 

The slide inmunoenzymatic assay (SIA) (1) uses enzyme- 

labelled imnunoreagents (2,3). It is a quantitative micranethod 

based on the principles of the enzyme-linked innnuno-sorbent assay 

(ELISA) (2). It is performed on a flat circular reaction area 

rather than in conventional vessels (e.g. the well 
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284 DE MACARIO, JOVELL, AND MACARIO 

of a microtitration plate). The advantages of using a circle 

instead of other solid-phase shapes and standard containers have 

been discussed elsewhere (1, 4 ) .  

SIA has proven useful for a variety of purposes, particularly 

for measuring antibodies in dilute samples available only in snall 

volunes. Because of this, and because it requires mparatively 

small quantities of antigen, SIA is very helpful in hybridana 

technology ( 4 ) .  

"here are, however, extreme situations of antihody (or 

antigen) limitation which fall beyond the sensitivity of SIA. The 

sample available may be very dilute and too snall to allow for 

routine concentrating procedures, or the nature of the work may 

not permit any delays that might be caused by these concentrating 

procedures if applied before testing by SIA. Moreover, the 

antigen may be Scarce precluding attempts at increasing 

sensitivity by augnenting antigen concentration in the assay. 

We set out to increase the sensitivity of S I A  without 

increasing sample volume or antigen demands. Experiments were 

designed using solutions of antibody concentrations so low that 

they were barely detected, or not detected, by SIA.  Steps were 

added to the standard S I A  procedure, so that a very low or 

negative reading might becane measurable at reliable levels. 

MATERIAL AND METHODS 

Antigens, antisera, and monoclonal antibodies. Fibronectin and 

Toxoplasna gondii, and rabbit antisera against than were kindly 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
5
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



SLIDE IMMUNOENZYMATIC ASSAY 285 

provided by Drs. E. Greenfield and W. Stahl, respectively, of this 

Center. Methanococcus vannielii SB and Methanogeniun cariaci 

JRlc were kindly provided by Drs. M.J. mlin and T. Miller of this 

Center. Rabbit antisera against&. vannielii SB and&. cariaci 

JRlc, and murine monoclonal antibodies against the latter were 

prepared by us. Hybridanas were constructed by standard 

procedures (5) using Sp2/O-Ag 14 myeloma cells. Monoclonal 

antibodies were produced and tested in muse ascitic fluid and 

tissue culture mediun. Corresponding controls were ascitic fluid 

and medium harvested fran mice and cultures, respectively, in 

which Sp2/0-Ag 14 cells were growing. Protein and hunoglobulin 

determinations were done by published procedures (6) (see also 

pertinent articles in Refs. 4 and 5), and using a carmercial kit 

(ICN Imnuno Biologicals, Lile, IL). 

Other reagents. Other reagents used were: unlabelled and peroxi- 

dase labelled goat anti-rabbit and anti-mouse IgG immunesera 

(Cooper Bianedical, Inc., Malvern, PA); horseradish peroxidase 

(HRP)-rabbit anti-HRP and HRP-mouse anti-HRP (PAP reagents (7)) 

(EY Laboratories, Inc., San Mateo, CA, and Jackson Inmunoresearch 

Laboratories, Inc., Avondale, PA); formaldehyde 10% ultra pure TEN 

grade (Tousinis Research Co., mkville, MD); calf serum (Gibco, 

Grand Island, NY); 0-phenylenediamine (Signa Chemical Co., St. 

Louis, MO); hydrogen peroxide (30%) (J.T. Baker Chmical Co., 

Phillipsburg, NJ). Citric acid 0.1 M buffer (pH 4.5) ;  distilled 

water; ethanol 95%; tissue culture medium (CM)  ; phosphate buffered 
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2 86 DE MACARIO, JOVELL, AND MACARIO 

saline (pH 7.2); normal rabbit serum (NRS); and normal goat and 

muse sera were prepared by us or provided by this Center. 

SIA and modifications. Antigen, antisera, monoclonal antibody 

solutions, PAP, and other reagent solutions were delivered onto 

the circles of the SIA slides (designed by us and manufactured by 

Cel-Line Associates, Inc., Newfield, NJ) by means of an Electronic 

Digital Pipette (Rainin Instruments, Co., Inc., Woburn, MA). 

Dilutions of all antibody and control solutions were done in CM 

containing 10% calf s e m  ( O W ) .  SIA was performed as described 

( 4 ) ,  and with modifications using PAP (7). The main modifications 

were as follows: antigen-coated SIA-slide circles were incubated 

first with the sample in which antibody was to be measured 

(antiserum or monoclonal antibody solution); second with 

unlabelled goat anti-rabbit IgG huneserum (or goat anti-muse 

IgG when the primary antibody was mnoclonal); and third with PAP 

before adding substrate for peroxidase (SIA-PAP); or 

antigen-coated circles were incubated with primary antibody, 

anti-rabbit (or antimouse) IgG hunesennn and PAP, as above, and 

then with peroxidase-labelled qoat anti-rabbit (or antimuse) IgG 

immunesenm before substrate addition (SIA-PAP+). In between the 

first and second incubations the circles were covered with normal 

goat sem diluted 1:3 for 10 minuntes. Experiments were also 

done in which sera, ascitic fluids or culture media devoid of 

antibodies substituted for primary antibody, and 

peroxidase-labelled substituted for unlabelled goat anti-rabbit 
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SLIDE IMMUNOENZYHATIC ASSAY 287 

IgG, in the second step of SIA-PAP or SIA-PAP+. All incubations 

and washings were done as per SIA methodology ( 4 ) .  mzymatic 

reactions were read at 450 nm using a vertical beam 

spectrophotaneter ( Dynatech Instrunents, Alexandria, VA) . 

Calibration of the system. A series of preliminary experiments 

were done to calibrate the system. Antisera, and monoclonal 

antibodies in ascitic fluids or tissue culture media, were 

titrated by SIA using different antigen concentrations to define 

conditions of extreme limitation of antigen and antibody. For a 

given concentration of antigen, extreme limitation of antibody was 

the end of the titration curve including the highest antiserun 

dilution, or lowest moncxlonal antibody concentration, giving a 

measurable reading and up to four higher, subsequent dilutions. 

SIA modifications were run with these dilutions to measure how 

much, if at all, the modifications would increase very low 

readings, and would detect antibodies at concentrations which 

standard SIA had not. 

Unlabelled and peroxidase-labelled goat anti-rabbit and 

anti-mouse IgG immunesera and the PAP reagents were used at 

various dilutions to find the optimal ones, i.e. those that would 

enhance antibody measurements without increasing the background 

(which is negligible for standard SIA). The results reported here 

are those obtained with these optimal dilutions, which for the 

batches of reagents used were 10-1 for the unlabelled anti-rabbit 

and antimuse second antibodies, 10-3 for the perox- 
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2 88 DE MACARIO, JOVELL, AND MACARIO 

idase-labelled anti-rabbit and anti-mouse second antibodies, 

for the rabbit PAP reagent, and 2 x for the mouse PAP 

reagent. 

RESULTS 

SIA vs. mcdif ications: antibodies against non-particulate 

antigens. Results obtained with non-particulate antigens are 

typified by those obtained with fibronectin and rabbit antiserum 

against it, Fig. 1. SIA-PAP gave 2 to 5-fold higher readings than 

SIA at all high antiserum dilutions tested, Fig. 1 A .  

Negative controls in which antigen or antiserum were replaced by 

unrelated antigen or by normal (non-imnune) serum gave readings no 

higher than 0.05. It is interesting to notice that the enhancing 

effect of SIA-PAP becomes clearer as the antiserum dilutions 

increase, i.e. as SIA readings decrease. Addition of PAP 

increased the sensitivity of the assay and enhanced measurements 

under conditions of extreme limitations of antibody and antigen, 

Fig 1B. Using only 0.5 w of fibronectin/ circle, antibodies were 

detectable by SIA at a sem dilution of but not at dilutions 

of or greater. SIA-PAP, however, detected antibodies up to a 

serum dilution of Fddition of peroxidase-labelled second 

antibody after PAP (SIA-PAP+) increased readings at all these 

antiserun dilutions, and made possible the detection of antibcdies 

at a serm dilution of lo-’. 

Experiments were also carried out to determine whether 

SIA-PW wuld noticeably increase readings under non-extreme 
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10.' 

FIGURE 1. Cmparison of absorbance readings using SIA (open bars), 
SIA-PAP (diagonally shaded bars) and SIA-PAP+ (horizontally shaded 
bars) for measuring antibodies against a non-particulate antigen, 
fibronectin (1 pg/circle, A and C; or 0.5 ug circle, B). Readings 
were done 30 minutes after addition of substrate for peroxidase; 
negative control values (0.01 [O-0.021 for SIA; 0.02 fO.01-0.021 for 
SIA-PAP; and 0.03 rO.03-0.031 for SIA-PAP+; n=3 in all cases) have 
been subtracted frm values shwon. (Arithmetic mean range; n=3). 

conditions of antigen limitation. Illustrative results are shown 

in Fig. 1C. SIA-PAF+ increased readings by a factor of C6 above 

those given by SIA, and by a factor ~3 above those obtained with 

S IA-PAP . 
Experiments in which unlabelled second antibody was replaced 

by its peroxidase-labelled counterpart in the second step of 

SIA-PAP and SIA-PAP+, produced the same results (not shown). 

Antibodies against particulate antigens. 'Ihe results obtained 

with prokaryotic and eukaryotic cells are illustrated by those 
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2 x 1 0 4  2 x 1 0 - 5  5x10'5 10-6 

ANTISERUM 
10-5 

DILUTION 
2 x 1 0 - 5  

FIGURE 2. Canparison of absorbance readings using SIA (open bars) 
SIA-PAP (diagonally shaded bars) and SIA-PAPt (horizontally shaded 
bars) for measuring antibodies against particulate antigens: &. 
vannielii cells (A and B) or T. gondii cells (C). Readings: sane 
as in Fig. 1. 

obtained with&. vannielii SB (Fig. 2A,B) and 2. gondii (Fig. 
2C), respectively, using rabbit antisera. Again, extreme 

dilutions (i.e. those giving minimal readings by SIA, and 

dilutions imnediately following them) of the antisera were used. 

SIA-PAP increased readings by at least a factor of 2 when=. 

vannielii and its antiserum were tested; also SIA-PAP made 

antibody detection possible at antiserum dilutions that appeared 

devoid of antibodies when tested by SIA, Fig. 2A. Addition of 

second antibody labelled with peroxidase after PAP (SIA-PAP+), 
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TABLE 1. Comparison of monoclonal antibody measurements by S I A  and 
modif izations. 

Absorbance 450n 

Antibody 

fluid 
in asci ic SIA f 
(lJ g/d) 

SIA-PAP SIA-PAW 

10 0.40 [0.36-0.451 0.94 [0.90-0.991 1.61 [1.37-1.821 

(0.40Ic (0.92) (1.57) 

(0.11) (0.39) (0.79) 

0.1 0.01 [O-0.021 0.11 [0.09-0.131 0.48 [0.42-0.541 

(O.0lld (0.09) (0.44) 

0.01 0 [O-01 0.05 [0.04-0.07] 0.23 [0*20-0*26] 

(Old (0.03 Id (0.19) 

bnoclonal antibody against 4. cariaci. a 

bArittmetic mean [range] : n=4 

Values within parenthesis are mean reading given by antibody minus 
mean reading given by negative controls. Negative control readings 
were: S I A :  0 [0-01; SIA-PAP: 0.02 [0.01-0.031 : and SIA-PAF+: 0.04 
[0.03-0.051. Arithetic mean [range] : n=4. 

dThese values were considered negative, i.e. , no antibody was 
detected.' 

C 

increased the sensitivity of the assay still further, Fig. 29 and 

B. The same observations were made using the system T. gondii - 
rabbit anti-L. gondii huneserum, Fig. 2C, and monoclonal 

antibodies against &. cariaci JRlc, Table 1. These data, 

obtained with antibody in ascitic fluid, were corraborated by 
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292 DE MACARIO, JOVELL, AND MACARIO 

FIGURE 3.  Canparison of absorbance readings using SIA (A), SIA-PAP 
without circle precoating (B) or with circle precoating with normal 
goat serwn (C) under conditions of limitation of antibody against 
- Mc. vannielii (rabbit antiserum diluted 1:500,000). Readings: same 
as in Fig. 1. 

testing the same antibody in culture medium, and by assaying other 

monoclonal antibodies (results not shown). 

The increase in readings obtained by adding PAP, or PAP 

followed by second antibody labelled with peroxidase was not due 

to the binding of these reagents to the supporting solid phase 

(SIA- slide circles). Concerning the factor of increase in 

readings it made no difference if prior to adding PAP for example, 

the circles were coated with normal goat sem, Fig. 3.  These 

data, and the results obtained with positive and negative controls 

indicated that the increased readings observed using SIA-PAP and 

SIA-PAPt were due to reproducible antigen-antibody reactions. 
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DISCUSSION 

The need for ultrasensitive assays for measuring antibodies 

and antigens is widespread. In many occasions in clinical 

laboratory practice, field studies, epidemiologic surveys, and 

research, problem samples must be dealt with which are very dilute 

and available only in small volms. Confronting these 

difficulties lead us to the developnent of SIA. Standard 

microtitration plates requiring relatively large voltmes of 

reagent solutions could not be used. We also decided to avoid the 

use of radioactive materials. 

To measure antibodies in dilute, mall samples one may have 

to resort to increasing the antigen concentration in the assay, 

and the time of incubation of the antigen-antibody mixture. 

However, lengthening incubation times is impractical, and 

augmenting antigen in the assay may be impossible. This 

impossibility occurs when antigen is not available in the amounts 

necessary to increase significantly the sensitivity of the assay, 

especially when many samples have to be tested. To deal with this 

type of problem we developed SIA modifications. Adding PAP 

( SIA-PAP) consistently increased SIA readings. Further addition 

of second antibody labelled with peroxidase after PAP (SIA-PAW) 

augmented still mre SIA readings. These increases were 

particularly meaningful when SIA readings were very low due to 

extreme limitation of antibody and antigen. Keeping antigen 

concentration at the same low levels used for SIA, SIA-PAP 

measured antibodies in samples in which SIA had failed to detect 
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them. Considering the antiserum dilutions at which SIA and 

SIA-PAP were able to detect antibodies, the latter was up 100-fold 

more sensitive (see Fig. 1B). Along the same lines, SIA- PAR was 

1,000-fold more sensitive than SIA. 

When SIA did barely detect antibodies, giving very low 

readings, SIA-PAP increased such readings by at least a factor of 

two, which was sufficient to yield readings falling within the 

spectrophotmter's most reliable range. SIA-PApe improved 

readings by factors of 4 or greater above those given by SIA. 

Thus SIA-PAP+ despite its requiring additional steps as canpared 

with SIA-PAP, is the method of choice in situations of extreme 

antibody (and antigen) limitation, in which even SIA-PAP fails to 

yield reliable readings. 

Both SIA-PAP and SIA-PAP+ worked well for measuring 

antibodies against non-particulate (molecules available in 

solution) and particulate (prokarytic and eukaryotic cells) 

antigens . 
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