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SOL PARTICLE I MMUNOAS SAY ( S  PI A )  

J.H.W. Leuvering, P. J.H.M. Thal, 
M. van der Waart, A.H.W.M. Schuurs 
Organon Scientif ic Development Group 

P.O. Box 20, 5340 BH OSS 
The Netherlands 

ABSTRACT 

We describe the use of inorganic (meta l )  colloidal particles as a 
label for immunoassays. Dose-response curves for human placental 
lactogen (HPL) and human chorionic gonadotrophin (HCG) were 
obtained with sandwich immunoassays, using conjugates consisting 
of antibody-coated colloidal gold or silver particles. 
Several techniques were used to measure the amount of bound conju- 
gate, viz. colorimetry and carbon rod atomic absorption spectrophoto- 
metry (CRAAS).  At higher antigen concentrations the results of the 
assay could be read by the naked eye. 
Using gold particles as label and CRAAS as detection method, we 
found a detection l im i t  for a sandwich HPL sol particle immunoassay 
(SPIA)  of 1 , 4  pmol/ l ,  which was equal to that of an optimalized 
competitive radioimmunoassay. When using a colorimeter the detec- 
t ion l im i t  for HPL of this SPIA was 5 , 4  pmol/ l ,  which wassuperior 
to that of a corresponding sandwich enzyme-immunoassay (E IA) .  
HPL and HCG were also simultaneously determined, using micro- 
titration plates, coated with a mixture of anti-HPL and anti-HCG, and 
a mixture of silver particle anti-HPL conjugate and gold particle anti- 
HCG conjugate. CRAAS was used to measure the bound amount of 
silver and gold conjugate. This simultaneous assay requires more 
work in order to obtain better sensitivities. 
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INTRODUCTION 

LEUVERING ET AL. 

Although the radioimmunoassay (RIA)  , introduced by Yalow and 

Berson( l ) ,  has become a widely used and successful technique, much 

work has been done t o  apply labels other than radioisotopes in immu- 

noassays during the past 10 years. These new labels should not only 

produce assays with sensitivit ies and specificit ies s imi lar  to  or even 

better than those found with RIA but also lack disadvantages such as 

the need for special licences, short shelf l i f e  of the label and waste 

disposal problems. A successful method has been the enzyme- 

immunoassay (E IA)  (2-4) i n  which an enzyme i s  used as label. 

Colloidal gold particles, on which antibodies are adsorbed, have 

been used as electron-dense markers for electron microscopical 

investigation of cell surfaces (5).  

We report here on the use of colloidal particles, not necessarily 

gold particles, as labels for immunoassays, and propose the name sol 

particle immunoassay (SPIA) .  The aims of our investigations were: 

a. to demonstrate that label I ing wi th sol particles allows the develop- 

ment of quantitative and qua1 itative assays. 

b. to show that several methods of detection can be used. 

c. to  compare the detection l im i t  for human placental lactogen (HPL), 

in SPlA with that in RIA and EIA. 

d. to  demonstrate that this method of label l ing allows simultaneous 

determination of two non cross-react ing antigens. 

MATERIALS AND METHODS 

Unless stated otherwise a l l  reagents were of analytical grade and 

were dissolved in d is t i l led water. 
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SOL PARTICLES 79 

Gold Sols 

Gold sol particles, wi th an average size of 60 nm as measured 

by electron microscopy, were prepared according to  the method of 

Frens (6). After preparation the gold sol was diluted to an absor- 

bance A cm = 1,l. 
540 nm 

Silver Sols 

8 , 5  ml of a solution containing 58,9 mmol / l  AgNOg was mixed 

with 5 ml of a solution containing 34 mmol / l  sodium citrate 2H20 

and diluted to 500 ml. Under vigorous stirring, 40 ml 10 ml/l hydra- 

zine hydrate (80% Baker grade) was added and the mixture was stirred 

for 15 min. The polydisperse sol was fractionated by repeated centri- 

fugation twice at 80000 N/kg for 20 min and once at 3000 N/kg for 

5 min; the resulting fraction contained particles between 40 and 60 

nm measured by electron microscopy. This fraction was stored in 

a solution containing 0,34 mmol/ l  sodium citrate 2H20 at pH = 7,5 

and diluted to A cm = l , o .  
420 nm 

Ant isera 

Anti-HPL sera were prepared according to van Hel l  et al. (7). 

Anti-HCG sera were prepared by immunizing rabbits (81, using HCG 

preparations reported by van He1 I et at. (9). The ant isera were freeze- 

dried and stored at -25OC until required for use. Antibody solutions 

were prepared from the freeze-dried antisera, dissolved in 0,15 mol / l  
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80 LEUVERING ET AL. 

NaCl pH 7,O by precipitation of the antibody fraction after addition of 

Na2SOq (final concentration 1,27 mol / l )  as described by Kekwick 

(10). 

The precipitate was dissolved in  a 0,15 mol/l NaCl solution pH 7,0, 

and dialysed thoroughly against 5 mmol/l NaCl pH 7,O or 0,15 mol/l 

NaCl pH 7,O. Antibody solutions, dialysed against 5 mmol/l NaCl 

pH 7 , O  were used for conjugate 

against 0,15 mol/l NaCl pH 7,O were used for coating of microtitra- 

tion plates. Precipitated euglobul ins were removed by centrifugation 

at 200000 N/kg for 30 min. The stock solutions were adjusted to a 

protein concentration of 13 mg/ml and stored in 1 ml aliquots at 

preparation and those dialysed 

-2OOC. 

Gold Particle Antibody Conjugates 

The pH of the gold sol was adjusted to 7 , O  by addition of 0,2 

mol/l K2C03. A diluted antibody solution (2 ml), containing 250 

pg protein/ml, was added to 100 ml of neutralized gold sol 
1 cm 

(A540 nm 
2 ml of a solution containing 10 g/l Carbowax 20M (Union Carbide) 

and 5 mmol/l NaCI, pH 7,O was added. After 1 hour incubation at 

room temperature the gold particle antibody conjugates were centri- 

fuged at 50 000 N/kg for 20 minutes. The dark red pellet was redis- 

persed in a medium consisting of 5 mmol/l NaCl, 0,2 g/l Carbowax 

20M and 0 , l  g/l thiomersal pH 7,O. The final volume was adjusted 

so that A 

= 1,O). After 10 minutes incubation at room temperature 

1 cm 
540 nm 

of the conjugate was approx. 1 , 1. 
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SOL PARTICLES 81 

Silver Particle Antibody Conjugates 

A diluted antibody solution (2 m l ) ,  containing 1300 pg protein/ml, 

= 1,O). After 
1 c m  
420 nm 

was added to 100 ml of the silver sol (pH 7 , 5 ;  A 

10 min incubation at room temperature 2 ml of a solution containing 

10 g/l Carbowax 20M and 5 mmol/l NaCl, pH 7,O was added. After 

1 h incubation at room temperature the conjugate was centrifuged at 

125000 N/kg for 20 minutes. The dark brown pellet was redispersed 

in a solution of 5 mmol/l NaCI, 0,2 g/l Carbowax 20M and 0 , l  g/l 

thiomersal, pH 7 , O .  The final volume was adjusted so that A 

was approx. 1 , l .  The conjugate was stored in  the dark at 0-4OC. 

1 c m  
420 nm 

Coating of M icrot i trat ion Plates 

Wells of polystyrene microtitration plates (Greiner, specially 

produced for Organon, the Netherlands), were coated either with 0 , l  

ml of an anti-HPL solution or with a 1 : l  mixture of anti-HPL and anti- 

HCG solutions according to Wolters et al. (11). 

HRP-label led anti-HPL Conjugates 

Horse-radish peroxidase (HRP) (Mi les;  R Z  3 , O )  was coupled to 

rabbit anti-HPL according to the method of Wolters et al. (11). 

1251-HPL 

1251-labelled HPL was prepared according to Greenwood et al. (12). 
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82 LEUVERING ET AL.  

Preparation of HRP-Substrate Solution 

The HRP-substrate solution consisted of 0 , l  mol/l sodium phos- 

phate-citric acid buffer pH 5,O containing 0,002 mol/l ortho-pheny- 

lenediamine di-HCI and 0 , l  mol/l H202. 

Sandwich SPIA for HPL 

A 0 , l  ml sample (HPL standard or blank) , dissolved in 0,02 mol/l 

sodium phosphate buffer pH 7,4, containing 0,15 mol/l sodium 

chloride and 1 g/l bovine serum albumin (BSA),  was pipetted into a 

well of a microtitration plate coated with anti-HPL, and incubated 

for 2 h at 37OC. Gold particle anti-HPL conjugates ( 0 , l  ml), diluted 

with T R l S  buffer (1 mol/ l  TRIS, 1 mol/ l  NaCI, 1 g/ l  BSA adjusted to 

pH 7 ,4  with 4 mol/ l  HCI) to  a final absorbance of A = 1 , O  was 

added and the reaction mixture was incubated overnight at 37OC. 

The wel ls were aspirated and washed 6 t imes wi th  0,3 ml 0 , l  mol/l 

T R l S  buffer containing 0 ’ 5  g/l Tween 20, to  remove the unbound 

conjugate. Finally, 0 , l l  ml 0 , l  mol/l HCI was added to  dissociate 

the bound immune complex. After 5 min the content of each well was 

homogenized. Either the colour intensity of the dispersions obtained 

was inspected visually or the metal concentration was measured by 

means of a colorimeter at 540 nm or a CRAAS apparatus at 242,8 nm. 

1 c m  
540 nm 

Simultaneous Sandwich SPlA for HPL and HCG 

A 0 , l  ml sample containing known amounts of both HPL and HCG 

(or a blank) I dissolved in the 0,02 mol/l sodium phosphate buffer 

(see above) I was pipetted into a well of a microtitration plate, coated 
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SOL PARTICLES 83 

with anti-HPL and anti-HCG, and incubated for 2 h at 37OC. A m i x -  

ture ( 0 , l  m l )  containing equal volumes of gold particle anti-HCG 

conjugate ( A  = 1 , O )  and silver particle anti-HPL conjugate 

(A'  cm 
420 n m  

incubated overnight at 37OC. The wel ls were aspirated and washed 6 

t imes with 0 , 3  ml 0 , l  mol/ l  TRlS buffer containing 0,5 g/l Tween 

20, to remove the unbound conjugate. Finally, 0 , l l  ml 0 , l  mol/ l  

HCI was added to  dissociate the bound immune complexes. After 5 

min the content of the well was homogenized. Using 2 pl aliquots, 

the atomic absorption due to the presence of gold and silver was 

sequentially measured by CRAAS. Atomic absorption due to  gold was 

measured at 242,8 nm and related to the concentration of HCG. 

Atomic adsorption due to  silver was measured at 338,4 nm and 

related to the concentration of HPL. 

1 crn 
540 n m  

= 1 , O )  i n  the TRlS buffer, was added and the reaction was 

Sandwich EIA for HPL 

A 0 , l  ml sample (HPL standard solution or blank) dissolved in 

the phosphate buffer described in the SPlA method, was pipetted into 

a microtitration plate wel l ,  which was coated with the same anti- 

serum as for SPIA, and incubated for 2 h at 37OC. HRP-labelled anti- 

HPL conjugate ( 0 , l  m l )  was added to each well and incubated over- 

night at 37OC. The wells were aspirated and washed 6 t imes with 0,1 

mol/ l  TRlS buffer pH 7,4,  containing 0,5 g/l Tween 20. The enzyme 

substrate solution ( 0 , l  m l )  was added to  each well and incubated in 

the dark for 50 min at room temperature. The enzyme substrate 

reaction was stopped by adding 0,05  ml of a 4 mol/ l  sulphuric acid 

solution. Either the colour was observed by the naked eye or the 

absorbance was measured at 492 nm, using a colorimeter. 
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Competitive RIA for HPL 

LEUVERING ET AL. 

The sodium phosphate buffer described in the SPlA method was 

used throughout the assay. The (whole) antiserum, the same as 

used to prepare anti-HPL antibody solutions for SPlA and EIA,  was 

diluted to such an extent that about 50% of the added 125l-HPL was 

bound in the absence of unlabelled HPL. The HPL used for the 

standard solutions was pipetted into a tube together with 0 , l  ml of 

the antiserum diluted with the sodium phosphate buffer ( 1  : 160000 

for the normal R I A  (RIA-1) and 1:400000 for the very sensitive 

RIA (RIA-2) and 0 , 0 5  ml of the buffer containing 125l-HPL (10000 

cpm for RIA-1 and 1000 cpm for RIA-2). This reaction mixture 

was incubated overnight at room temperature. Separation of anti- 

body-bound and free labelled HPL was carried out by incubating the 

reaction mixture with 0,8 ml of a 1 g/l Dasp anti-rabbit sus- 

pension (Organon Teknika, the Netherlands) for 2 h in a shaking 

bath. The tubes were centrifuged for 3 min  at 20000 N/kg. The pellet 

was washed three t imes with the sodium phosphate buffer (without 

BSA) and the radioactivity counted for 5 min in a well type gamma 

counter (LKB/Wal lac). 

Instrumentation 

Absorbance was measured by a Vitatron DCP smal l  sample 

volume color i meter. 

CRAAS measurements for gold and silver were performed with a Varian 

AA6 atomic absorption spectrophotometer, equipped with a CRA 63 

carbon rod and a BC 6 background corrector. For each measurement 

2 pl aliquots were pipetted into the carbon rod. If the absorbance 

exceeded 1 , 0 the sample was diluted and the measured absorbance 

was mu1 t ipl ied by the appropriate d i lut ion factor. 
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SOL PARTICLES 85 

Detection L imi ts  

The detection l im i t  for HPL was determined according to the 

following definit ion: the detection l i m i t  for HPL is  equal to the 

concentration of HPL giving a response that differs twice the standard 

deviation from the average response of the blanks. 

This definit ion was applied to a l l  described HPL assays except those 

involving visual inspection, in which the responses were classi f ied 

as either positive or negative. 

RESULTS 

Dose-response curves for HPL were obtained using gold particle 

rabbit anti-HPL conjugates and the SPlA method. For measurements 

with the colorimeter and CRAAS , every point on the dose-response 

curve i s  the average of three wel ls and the standard error i s  also 

indicated. 

After incubation with 0, 1 r n l  aliquots of solutions containing 170 pmol 

HPL/I or more, the wells displayed a v is ib le red colour and were 

classified "positive" ( + )  in Figure 1. Using a colorirneter to measure 

the absorbance of the contents of the wells, the detection l i m i t  for 

HPL was 5 , 4  pmol/l (Figure 1). Using CRAAS to measure the absor- 

bance due to gold the detection l i m i t  for HPL in  SPlA was 1 , 4  pmol/ l  

(Figure 1). 

We determined the detection l i m i t s  of the sandwich EIA and of two 

RlAs for HPL using the same anti-HPL serum and HPL standard. The 

detection l i m i t s  for HPL in these assays and in SPlA for HPL are 

l isted in Table 1. Dose-response curves for the simultaneous assay of 

HPL and HCG are shown in Figure 2. The detection l i m i t s  for HPL and 

HCG were approx. 3 pmol/l and approx. 1 IU/I respectively. 
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A242,8 nm 

LEUVERING ET AL. 

A 1  cm 
540 nm 

2,000 

1,600 

1,200 
v) 
4: 

U 
p: 

0.800 

0,400 

0.00 

I 

COLORIMETER / 
4 / 

- - - - - + +  
I 1 
I 

Blanks 1.36 2.72 5,44 10,9 21.8 43,5 87.0 174 348 

0,320 

0,280 

0,240 

0,200 ," 

s 
c YI 

Zi 
0,160 I 

0 
0,120 " 
0,000 

0,040 

0.00 

HPL, pmol / l  

Figure 1 : Calibration curves for HPL in 0,02 mol/l phosphate buffered 
saline pH = 7 , 4  containing 1 g/l BSA using visual inspection 
colorimetry and CRAAS for detection. 

~1 cm 
: Results of measurements using a Vitatron DCP to measure 

540 nm' 

b , o  : Results of the measurements at 242,8 nm of 2 kl samples 
with a Varian AA6 atomic absorption spectrophotometer 
equiped with a CRA 63 carbon rod and a BC6 background 
corrector 

Results of readings with the naked eye: ----- : negative readings 
+++++ : positive readings. 

DISCUSSION 

We have demonstrated that colloidal gold and silver particles can 

be used as labels for immunoassays. The detection l imi t  for an HPL- 

SPlA compared favourably with that for EIA and RIA. The detection 

l imi t  depends on the detection method applied. With visual inspection, 
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SOL PARTICLES 87 

A338.4 rim A242.8 n m  

I 1 

0.68 1.36 2.72 5.44 10.9 2l,8 43.5 87 174 348 696 HPL, p m o l / l  

0.125 0,250 0.50 1.0 2.0 4.0 8,0 16.0 32.0 64.0 I28 HCG, IU/I  

Figure 2 : Calibration curves for simultaneous determination of HPL 
(-) and HCG (-1 using CRAAS for sequential 
determination of the atomic absorption of silver (338,4 nm)  
and gold (242,8 nm) in 2 pl samples. 
( 1 IU purified HCG a 140 ng- 4,7 pmol). 

EIA has a detection l im i t  of 110 pmol/l which i s  lower than that of 

SPlA (170 pmol/ l ) .  Using a calorimeter, the detection l i m i t  for HPL  

in SPlA (5,4 pmol/ l )  is lower than that of EIA (90 pmol/l). Using 

the very sensitive detection method for metals, CRAAS, the detection 

l im i t  for HPL in SPlA (1,4 pmol/ l )  i s  equal to that of the very sensi- 

t ive RIA-2;  however, the sample volume of the S P l A  was half of that 

of RIA. The higher cost of the CRAAS apparatus in comparison wi th  

y-counters, i s  a drawback, but th is may be compensated by even 

lower detection l im i ts  for SP lA  after further optimalization. 

Metal atoms, in the form or organometallic or co-ordination 
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TABLE 1 

Detection l i m i t s  of different HPL-assays 

LEUVERING ET AL. 

type of assay method of detection detection l i m i t  
or quantification pmol/l fmol/test tube 

S P l A  naked eye 170 17,O 

S P l A  color imeter 5 , 4  0,54 

SP lA  CRAAS 1 , 4  0,14 

E I A  naked eye 110 11 

E I A  colorimeter 90 9 

R I A - 1  y-counter 695 193 

RIA-2  y-counter 1 ,4  0,28 

complexes, as labels for haptens or macromolecular antigens have 

been described by Cais et al (131.. They obtained a detection l i m i t  for 

steroids of about 50 nmol/ l  using a competit ive assay and C R A A S  for 

detection. In  their system only one metal atom (or a number < 10) 

was bound in every bound label led-steroid antibody complex. However, 

i f  a sol particle i s  used a a label as in S P I A ,  one sol particle con- 

sisting of some mi l l ions of atoms i s  bound in every bound antibody- 

antigen-labelled antibody complex. This explains the difference 

between detection l im i ts  in the metalloimmunoassay ( M I A )  and SPIA. 

Specificity, another important feature of an irnmunoassay, i s  

mainly determined by the quality of the antiserum. A s  a result of the 

chemical changes that take place during the labell ing of antibodies, 
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SOL PARTICLES 89 

the specificity can be affected. The method described for labell ing 

with sol particles consists of physical adsorption of antibodies on to  

the sol particles. Because of this m i l d  procedure the specificity of 

SPlA is  l ikely to be comparable wi ththatof  EIA and RIA. Pre l imi -  

nary data (as yet unpublished) appear to  confirm this. 

Several examples of simultaneous R lAs  have been described 

previously (14-16). We have demonstrated that simultaneous deter- 

mination of HPL and HCG using a sandwich SPlA i s  also possible. 

I f  a quantitative multi-element analysis technique, e.g. plasma 

emission spectrophotometery or X-ray fluorescence, i s  used instead 

of CRAAS, sequential determination of the bound amount of the 

labels can be avoided. 

Besides the advantages already mentioned above, viz. sensi- 

t iv i ty and simultaneous assays, SPlA has some additional 

advantages. 

Because the sol particle labelled conjugates have an intense colour, 

there is  no enzymesubstrate reaction necessary to produce a colour 

l ike in EIA. SPlA avoids the use of radioactive materials and there- 

fore the shelf-l i fe of reagents for SPlA is  l ikely to be longer than 

for RIA. Preliminary investigations (unpublished) have shown that 

conjugates in l iquid form can be stored at 4OC for 6 months. We have 

managed to prepare freeze-dried sol particle labelled conjugates and 

this i s  l ikely to  result in much longer shelf-l ives. 

The use of sol particles offers more f lex ib i l i ty  wi th regard to the method 

of assay and method of detection. Besides the described sandwich 

immunoassay competitive assays are also possible. 

Recently, we have developed a homogeneous assay. In  this k ind of 

assay the antibody-coated sol particle acts I ike the antibody-coated, 

latex particle in latex agglutination tests or antibody coated erythro- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
8
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



90 LEUVERING ET AL. 

cyte in haemagglutination tests ( t o  be published elsewhere). 
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