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A COMPUTERISED ELISA SYSTEM FOR THE DETERMINATION OF TOTAL AND 
ANTIGEN-SPECIFIC IMMUNOGLOBULINS I N  SERUM AND SECRETIONS 

John H. P l a t t ,  Andrew B. Shore, Anthony M. Smithyman and 
G.L. Kampfner 

Imperial Chemical Indus t r ies  Limited, Pharmaceuticals Division, 
Mereside, Alderley Park, Macclesfield, Cheshire. 

ABSTRACT 

A computerised micro-ELISA system is described which 
features  rapid and simple procedures for sample s toraqe and 
t ransfer ,  p l a t e  washing and ca lcu la t ion  of r e su l t s .  
Calculat ions are  performed by a C o m d o r e  P e t  desk computer 
in te r faced  with a T i t e r t e k  Mdt iskan  micro-ELISA p l a t e  reader.  
Up to 1200 analyses pe r  day can be performed by one person. 
I ts  appl icat ion t o  the measurement of  t o t a l  immunoglobulin 
isotype and c l a s s  spec i f i c  antibody t o  parainfluenza type 1 
(Sendai v i rus)  i n  mice is described. 

KEY WORDS: ELISA, Computer, Parainfluenza,  Sendai. 

INTRODUCTION 

The use of ELISA f o r  the measurement of antibody i n  a 

var ie ty  of biological  f l u i d s  i s  now w e l l  documented (1-6) .  One 

of the main advantages of the  technique is t h a t  t he  equipment 

necessary t o  carry out  basic  assays can be both simple and cheap, 

with end poin ts  t h a t  may be read semiquant i ta t ively by eye. I n  
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60 P U T T  ET AL. 

order t o  increase the sensi t ivi ty  and accuracy a spectrophoto- 

meter must be used t o  measure optical  density (7). Attempts 

have been made to  automate the complete assay system using one 

piece of equipment (8). There are three t ime-consdng steps 

i n  the procedure: i) sample addition and dilution, ii) p la t e  

washing, and iii) reading and calculation of results.  We have 

investigated each of these and describe how to increase the 

number of analyses that  can be carried out i n  a day, without 

loss  of precision. 

The system has been developed fo r  the analysis of 

antigen specific immunoglobulins to a wide variety of v i r a l ,  

bacterial  and pure protein antigens. These include antibodies 

to Streptococcus mutans and Escherichia co l i ,  toxoids of 

Vibrio cholera, Corynebacterium diptheria and Clostridium tetani  

and pure protein antigens such a s  hurnan serum albumin (H.S.A.) . 
The methods i l l u s t r a t ed  below re fe r  t o  the detection of 

specific IgG c la s s  antibodies t o  Sendai virus and the measurement 

of t o t a l  immunoglobulin A i n  mouse serum. 

MATERIALS AND METHODS 

Antigens 

1) Concentrated parainfluenza type 1 Sendai ( D / 5 2  s t r a in )  

antigen w a s  prepared by ultracentrifugation of infected egg 

allantoic f lu id  ( 2 0 0 m l )  a t  27,0009 for 1 hour. The virus 

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



COMPUTERIZED MICRO-ELISA SYSTEM 61 

concentrates  were washed twice with s a l i n e  ( 2  x 200ml) ,  

recons t i tu ted  i n  5ml of phosphate buf fered  s a l i n e  (P.B.S.) and 

then d ispersed  by u l t r a s o n i c a t i n g  for 30 seconds. The 

preparat ion had a haemagglutination t i ter  o f  1 /20 ,000  (per 

0.025ml). Control ant igen w a s  prepared i n  t h e  same way b u t  

using non-infected a l l a n t o i c  f l u i d .  

2 )  P u r i f i e d  v i r u s  ant igen w a s  prepared according to t h e  method 

of E r t l  and co-workers (9). 

Samples 

Sera and s e c r e t i o n s  from Swiss white mice (Alderley Park 

s t r a i n )  were s t o r e d  i n  ' s p e c i a l '  polystyrene tubes i n  a t r a n s f e r  

tube s t r i p  holder  (Flow L a b s ,  I r v i n e ,  Scot land) .  Eighty-eight 

samples are s t o r e d  on t h e  equiva len t  of  one m i c r o t i t r e  p l a t e  i n  

t h i s  way. Stock d i l u t i o n s  ( i f  required)  were made by t r a n s f e r -  

r i n g  a small volume of sample i n t o  2 5 0 ~ 1  of d i l u e n t  (PBS/O.O5% 

Tween 20)  i n  a m i c r o t i t r a t i o n  p l a t e .  A 1 2  channel v a r i a b l e  

volume micropipet te  (5-50~1,  Flow Labs) w a s  used t o  t r a n s f e r  

each r o w  of samples. Stock d i l u t i o n s  and sample p l a t e s  were 

sea led  with adhesive tape or  cap s t r i p s  (Flow Labs) and stored 

a t  -20Oc. 

Standards 

Sendai-virus specific immunoglobulins 

Mouse s e r a  having an antibody t i t r e  of  g r e a t e r  than 

1/5O,OOO, previously determined by ELISA were pooled, dispensed 

i n  0.5ml a l i q u o t s ,  lyophi l i sed  and s t o r e d  a t  -2OOC. 
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62 PLATT ET AL. 

Total Immunoglobulins 

Commercially prepared m u s e  immunoglobulin s tandard 

containing I S M ,  IgA and IgG a t  known concentrat ions w a s  obtained 

from Meloy Labs (Spr ingf ie ld ,  Vi rg in ia ,  USA). 

Antisera  and Conjugates 

Rabbit antiserum to mouse IgG and goat  antiserum to mouse 

IgA were obtained commercially (Nordic Imm. , Maidenhead, Berks. ; 

Meloy L a b s . ) .  

D r .  H. Gregory. 

Rabbit antiserum to  m u s e  IgA w a s  a g i f t  from 

Goat a n t i - r a b b i t  (GAR) IgG peroxidase- label led antiserum 

was obtained from Nordic Imm. 

Subs t ra te  

0-phenylene diamine (OPD) (0.4mg/ml) /urea peroxide 

(0.23 mg/ml) was f r e s h l y  prepared i n  PBS/Tween. 

Enzyme-linked immunosorbent assay (ELISA) 

Microelisa p l a t e s  (Greiner M 129  B, Dynatech L a b s  Ltd 

Bi l l ingshurs t ,  Sussex) were coated with p u r i f i e d  o r  crude v i r u s  

ant igen.  For  t o t a l  immunoglobulin determinat ion s p e c i f i c  goat  

antiserum t o  IgA w a s  coated onto  t h e  plate. Antigen ( 2 5 0 ~ 1 )  w a s  

d i l u t e d  1 / 2 0 0 0  i n  coa t ing  b u f f e r  (0.05M carbonate - bicarbonate  

b u f f e r  pH 9.6) o r  goat  antiserum t o  m u s e  IgA d i l u t e d  1/500, was 

placed i n t o  each wel l  and l e f t  overnight  a t  +4OC. P l a t e s  were 

washed by t o t a l  immersion i n  a bath of  t a p  water f o r  2 minutes 

(10). A continuous stream of  f r e s h  water w a s  suppl ied t o  t h e  

bath and excess water was allowed t o  overflow t o  waste. The 
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COMPUTERIZED MICRO-ELISA SYSTEM 63 

plates were manually agitated for  5 seconds to remve a l l  a i r  

bubbles. We have compared t h i s  method with standard washing 

procedures (5) and have found no evidence of non-specific 

adsorption. 

drying. 

Washed plates  may be stored a t  +4OC a f t e r  through 

Transfer of diluted samples onto pre-coated plates  was 

f ac i l i t a t ed  by the use of the 12-channel micro-pipette. A l l  

di lutions were made i n  PBS/Tween. Duplicate samples were 

analysed a t  a single dilution. 

A standard curve was prepared by making s e r i a l  

dilutions of the appropriate standard and transferring 200l.11 

volumes into the wells on row 1 2  of each plate. The plates  

were then l e f t  for two hours a t  room temperature i n  a humid box. 

After another washing step, 2 0 0 ~ 1  of the appropriate 

diluted rabbit antiserum was added and incubated for one hour a t  

room temperature i n  a humidified chamber. After a further 

washing s tep GAR IgG enzyme conjugated antiserum ( 2 0 0 ~ 1  a t  

1 / 2 0 0 0  dilution) was added and again incubated for  one hour a t  

room temperature i n  a humidified chamber. 

After a f inal  washing step,  2 0 0 ~ 1  of freshly prepared 

0-phenylene diamine substrate was added to each well. The 

result ing colour reaction was allowed to  develop i n  the dark 

for 4 5  minutes. The enzymatic ac t iv i ty  was then  inhibited by 

the addition of 5 0 ~ 1  of 25% sulphuric acid and the plates  were 

agitated for 30 seconds on a microtitre shaker. 
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64 P U T T  ET AL. 

Optimum d i l u t i o n s  o f  a l l  an t igens  and a n t i s e r a  used were 

determined using checkerboard type assays on p o s i t i v e  and 

negat ive samples (5,6). 

Reading and Calcula t ions  

Opt ica l  dens i ty  determinat ions a t  492nm and c a l c u l a t i o n  

of r e s u l t s  were c a r r i e d  o u t  automatical ly  using a T i t e r t e k  

Multiskan reader  (Flow Labs) i n t e r f a c e d  with a Comnndore P e t  

desk computer and p r i n t e r  (Cytek UK Ltd. ,  O l d  Traf ford ,  

Manchester) , using a T i t e r t e k  Multiskan i n t e r f a c e  (Flow Labs) 

and an RS 232C serial  i n t e r f a c e  type B (Small Systems 

Engineering Ltd.) (Figs.  1 and 2 ) .  The p l a t e  reader  is first 

blanked using subs t ra te /ac id  s o l u t i o n  ( 2 5 0 ~ 1 )  . Information 

concerning experimental detai ls  is typed i n t o  t h e  computer i n  

response t o  pre-programmed ques t ions  d isp layed  on t h e  v i s u a l  

d i sp lay  u n i t  (VDU) .  The p l a t e  is then read automatical ly  and 

o p t i c a l  d e n s i t i e s  and information are p r i n t e d  o u t .  

The computer programme which w a s  designed and w r i t t e n  by 

t h e  authors  f i t s  data from the standard curve t o  a second 

degree polynomial equat ion (11). The s tandard curve computer 

p l o t  is displayed onthe VDU and p r i n t e d  on t h e  r e s u l t s  shee t .  

Optical dens i ty  versus  concentrat ion of  s tandard,  or r e c i p r o c a l  

of d i l u t i o n  of s tandard is  used i n  the equation: 

2 y = a + b ( l o g  x) + c (log x) 

where y = o p t i c a l  d e n s i t y  and x = concentrat ion of s tandard 

o r  rec iproca l  of d i l u t i o n  of s tandard.  
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COMPUTERIZED MICRO-ELISA SYSTEM 65 

Figure 1 Photograph showing computer, pr inter  and 
Multiskan spectrophotometer together with 
inter  face. 

Sample immunoglobulin concentrations are  determined 

directly from the equation. Antibody t i t r e s  a re  determined 

by comparing the optical  density of t h e  sample t o  the standard 

curve and extrapolating to  predict  an end point t i t re  ( t h a t  is 

the dilution of the sample giving an optical  density of 0.1). 

RESULTS 

To assess the reproducibility and precision of the method 

different  dilutions of the standard serum pool were analysed 

several times on one microtitration plate  for Sendai virus 

IgG antibody (Table 1). One of these se t s  of analyses was taken 

as  a standard (Column 6, table  1) and used t o  calculate the 

others. End point t i t r e s  (Table 2 )  were predicted by the 

computer using t h i s  standard curve (Fig. 3 ) .  The r e su l t s  compare 
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Bailey Interface Titertek Interface 
serial 3009, type 312A I - EEE 488 I R S  1232C 

L 
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Titertek 1 Multiskan 

Ansley ribbon tape 
I 

Figure 2 Interfacing of  T i t e r t e k  Multiskan with 
computer and printer. 

favourably with the titre of 1/289,500 determined from the ser ia l  

di lut ion of the standard. The coef f ic ient  of variation for  

the predicted t i t r e s  was 3.7% over the range of optical  dens i t ies  

from 0.078 to 1.84.  
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1.6 - 
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1.2 - 
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L - 
(Y 0 

m 
- 

0.8 - 

0.6 - 
0.4 - 

0.2 - 

0 

OPTICAL DENS ITlES OBTAINED from ELISA ANALYSIS of REPLICATE SERUM 
STANDARDS for SENDAI VIRUS lgG ANTIBODY. 

0 

I I I 1 

S e r u m  Di lut ion 

1625 

13,125 

115,625 

178,125 

1390,625 

11,953,125 

19,765,625 

Optical Density 

1.840 

1.200 

0.5% 

0.201 

0.087 

0.029 

0.007 

~ 

1.745 

1.166 

0.547 

0.212 

0.081 

0.031 

0.012 

Standards 

0.263 

Figure 3 Computer plot  of ELISA r e s u l t s  f o r  Sendai 
v i r u s  I$ a n t i b o d i e s  i n  t h e  s t anda rd  serum 
pool. 
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f 1 I 1 

0.001 0.01 0.1 1 .o 
Concentration IgAugIml in well 

Figure 4 Computer plot  of ELISA resu l t s  for IgA 
standard curve. 

Replicate dilutions of the IgA standard were made and 

analysed for  IgA content i n  the same manner a s  described above. 

Known concentrations of the same standard were used t o  construct 

a standard curve (Fig. 4 ) .  The r e su l t s  a r e  shown i n  Tables 3 

and 4 for optical  densit ies and calculated IgA concentrations 

respectively. 

immunoglobulin concentrations was found t o  be 7.0% over the 

range of optical  densit ies from 0.052 to  1.41.  

The coefficient of variation f o r  the calculated 

DISCUSSION 

Reading, calculation and tabulation of results from one 

plate takes l e s s  t h a n  two minutes t o  complete. Using a single 

dilution of sample stored and analysed as described it is  
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72 P U T T  ET AL. 

possible for one person to process 1 4  plates  (1200 samples) i n  

one day. The system was designed fo r  use i n  a high throughput 

screen but greater precision would be obtained by using replicate 

points on the standard curve. It should be appreciated t h a t  by 

extrapolating from a pooled serum standard w e  are assuming that 

the curves are the same for a l l  sera and secretions. This method 

does have the advantage t h a t  only one di lut ion of the sample is 

required y e t  r e su l t s  are expressed i n  a l inear  form covering 

a large range of values a s  opposed to opt ical  density measure- 

ment alone ( 1 2 ) .  

Sensit ivity of the assay fo r  mouse IgA is of the order 

of 10ng/ml. 

conjugated (goat a n t i  rabbit  peroxidasel has given us greater 

freedom t o  determine different  immunoglobulin types against any 

antigen without the need for time consumtng conjugation of the 

specific antisera. 

The use of a second antibody which is enzyme 

The reader-computer linkage can be used not only for  a 

large variety of ELISA assays but is adaptable for other assays 

(minimal inhibitory concentrations (MIC) ,  in terferon) .  

The ELISA technique described is used routinely i n  our 

laboratory and represents a logical progression t o w a r d s  a new 

generation of computerised ELISA systems. 
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