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JOURNAL OF IMMUNOASSAY, 3(1), 1-15 (1982) 

A NOVEL NON-SEPARATION FLUOROIMMUNOASSAY 
FOR THYROXINE 

Mithal Hassan, J. Landon, and D . S .  Smith 
Department of Chemical Pathology 

St. Bartholomew's Hospital 
48-50 Bartholomew Close, London EClA 7HL, U.K. 

ABSTRACT 

It has proved possible to develop a novel non-separation 
fluoroimmunoassay for thyroxine employing antibodies both to 
thyroxine and to fluorescein incorporated into immune complexes by 
addition of a common species-specific anti-immunoglobulin G serum. 
The labelled hapten could bind to antibody of either specificity 
but not to both at the same time. Binding to anti-fluorescein 
markedly reduced fluorescence whereas binding to anti-thyroxine did 
not. Unlabelled thyroxine competed with the labelled hapten only 
for anti-thyroxine binding sites and, as a result, more of the 
labelled thyroxine was bound to anti-fluorescein with a decrease in 
total fluorescence. 

We suggest the term "alternative binding" fluoroimmunoassay for 
this type of non-separation technique which should be generally 
applicable to the assay of haptens. 

(KEY WORDS: Fluoroimmunoassay. Non-separation. Alternative binding) 

INTRODUCTION 

An important advantage of fluoroimmunoassay (FIA) as compared 

with radioimmunoassay is the variety of possible analytical approaches, 
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2 HASSAN, LANDON, AND SMITH 

some of which avoid the need to separate antibody-bound and free 

labelled antigen prior to fluorimetry. One example is a "direct 

quenching" F I A  for gentamicin [l] in which antibody binding of 

fluorescein-labelled gentamicin causes a marked decrease in fluore- 

scence. However, this approach has not proved applicable to the 

assay of all haptens or of proteins - probably because of the 

distance between the site of the antibody binding and of label 

attachment. 

"Indirect quenching" non-separation F I A  have been developed 

for albumin, immunoglobulin G and human placental lactogen [ 2 ]  based 

on the observation that antibodies to fluorescein will bind to, and 

quench, the fluorescence of the free fraction but not of the bound. 

Others [ 3 ]  have also used this approach, which they term "fluorescence 

protection immunoassay", and demonstrated by a series of elegant 

experiments that the inability of anti-fluorescein to bind the 

fluorescein in the bound fraction probably results from steric hindrnace 

by the antibodies present on the protein. 

been employed to detect antibodies [41 and it seemed reasonable to 

assess the possible application of indirect quenching to the F I A  of 

haptens. 

A similar approach has 

In studies with fluorescein-labelled thyroxine (T ) and gentamicin, 4 

we found that antibodies to fluorescein were able to bind to, and 

quench, the label in both the antibody-bound and free fractions. 

Thus fluorescein-labelled haptens behave as other small bifunctional 

antigens formed by the covalent linkage of two different haptens, 

which have been shown to cross-link mixtures of antibodies against 
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NON-SEPARATION FIA FOR THYROXINE 3 

the  two haptans [5-71. Furthermore, a r ecen t ly  descr ibed  novel immuno- 

assay technique depends on the  a b i l i t y  of enzyme-labelled an t ibod ie s  

aga ins t  t he  dinitrophenyl group t o  bind t o  the  antibody-bound 

f r ac t ion  of a dinitrophenyl-conjugated hapten, [ E l .  The success of 

i n d i r e c t  quenching FIA f o r  p ro te ins  (as opposed to  haptens) probably 

r e f l e c t s  t h e  m u l t i p l i c i t y  of t h e i r  ep i topes  so t h a t  t h e  seve ra l  

spec i f i c  an t ibodies  bound t o  d i f f e r e n t  sites on each l a b e l l e d  p ro te in  

molecule e f f e c t i v e l y  prevent binding of label by t h e  an t i - f luo resce in  

serum added l a t e r .  

Nontheless, a novel non-separation FIA f o r  haptens has been 

devised using the  same reagents  as f o r  an i n d i r e c t  quenching assay  

with the  important d i f fe rence  t h a t  t he  an t ibodies  t o  t h e  hapten and 

t o  f luoresce in  a r e  incorporated i n t o  a complex with a common species- 

s p e c i f i c  anti-immunoglobulin G serum. 

"a l t e rna t ive  binding" FIA is  i l l u s t r a t e d  i n  Figure 1. The l a b e l l e d  

hapten can bind t o  only one antibody and i f  t h i s  i s  d i r ec t ed  aga ins t  

f luoresce in  then the re  is a marked decrease i n  fluorescence whereas 

i f  it i s  d i r ec t ed  aga ins t  t he  hapten fluorescence is  not  impaired. 

Unlabelled hapten competes only f o r  t h e  anti-hapten binding sites 

so t h a t  i ts  addi t ion  r e s u l t s  i n  more of the  l a b e l l e d  hapten becoming 

The p r inc ip l e  of t h i s  

bound t o  an t i - f luoresce in  with a decrease i n  total  fluorescence.  

MATERIALS AM) METHODS 

L-T4, as the  f r e e  a c i d ,  w a s  obtained from Sigma and l a b e l l e d  

with f luoresce in  isothiocyanate as described previous ly  [9]. Rabbit 

an t i - f luoresce in  serum was prepared as described i n  an earlier paper 

[21 and sheep an t i - r abb i t  immunoglobulin G serum w a s  provided by 
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b HASSAN, LANDON, AND SMITH 

(A) Incubat ion  of Mixed Antibody Complex w i t h  Labe l led  Hapten 

b d b b F1 uorescei  n 

Hapten 

Anti-Hapten 

75% o f  O r i g i n a l  Fluorescence 

Figure 1 A. A diagramatic representation of alternative binding 
fluoroimmunoassays. When a fluorescein-labelled hapten is 
incubated with a complex of anti-fluorescein and anti-hapten 
binding sites some will be bound to the anti-hapten and 
continue to fluoresce while some will be bound by the anti- 
fluorescein with a resultant decrease in fluorescence. 
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5 NON-SEPARATION FIA FOR THYROXINE 

( B )  Incubat ion of Mixed Antibody Complex w i t h  Labe l led  and Unlabe l led  Hapten 

.F1 uorescei  n 

Anti-Hapten 

F l u o r e s c e i n  

Hapten 

Hapten 

25% o f  O r i g i n a l  Fluorescence 

Figure 1 B. A diagramatic representation of alternative binding 
fluoroimmunoassays. If the unlabelled hapten is also 
present in the reaction mixture this will compete for anti- 
hapten binding sites, more labelled hapten will be bound by 
anti-fluorescein, and there will be a further decrease in 
fluorescence. Thus the fluorescence of the incubation 
mixtures will be inversely related to the initial amount of 
unlabelled hapten present. 
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6 HASSAN, LANDON, AND SMITH 

Technia Diagnostics. Rabbit and sheep anti-T4 sera w e r e  g i f t s  from 

D r .  G. Zborowski (Technicon Instruments Corp., Tarrytown, N e w  York, 

U.S.A.) and D r .  T.G. Merrett (Benenden Chest Hospital ,  Cranbrook, 

Kent) , respec t ive ly .  

All experiments were performed using 75 mmol/l b a r b i t a l  b u f f e r ,  

pH 8.6, a t  ambient temperature. 

Fluorimetry 

Fluorescence w a s  measured using a Perkin-Elmer Model 1000 

f luor imeter ,  equipped with f i l t e r s  as described elsewhere [ l o ] .  I n  

a l l  experiments a cor rec t ion  w a s  made f o r  t h e  background s igna l  

contributed by r eac t an t s  o the r  than  f luoresce in- labe l led  T4. This 

was determined by f luor imet ry  of incubation mixtures containing no 

l abe l l ed  hapten. Resul t s  were expressed r e l a t i v e  to  an a r b i t r a r y  

sca l e  of fluorescence in t ens i ty .  

Fluorescence of l abe l l ed  T, i n  t h e  presence of antibody excess 

To 500 pl of f luoresce in- labe l led  T4 (30 pg/1) w a s  added 500 p1 

of antiserum, con t ro l  serum o r  bu f fe r  followed, a f t e r  a t  least 5 min, 

by the  addi t ion  of 500 p l  of a d i f f e r e n t  antiserum, con t ro l  serum 

or  buffer.  Fluorescence w a s  determined as above. Rabbit a n t i -  

f luoresce in  and r a b b i t  con t ro l  serum w a s  p re sen t  a t  a f i n a l  d i l u t i o n  

of 1:6400 and sheep anti-T4 serum and sheep con t ro l  serum a t  a f i n a l  

d i l u t i o n  of 1:400. 

Fluorescence of l abe l l ed  T, ir. t he  presence of doubling antiserum 

d i l u t i o n s  

To 500 p1 a l i q u o t s  of doubling d i l u t i o n s  of rabbit anti-T4, 

sheep anti-T4, rabbit an t i - f luoresce in  and con t ro l  sera from sheep 
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NON-SEPARATION F I A  FOR THYROXINE 7 

and r a b b i t s  was added 1 m l  of f luoresce in- labe l led  T4 (15 pg/l). 

Fluorescence w a s  determined a f t e r  an incubation per iod  of a t  least 

5 min. 

Formation of mixed antibody complex 

To 500 p1 a l i q u o t s  of doubling d i l u t i o n s  of sheep a n t i - r a b b i t  

immunoglobulin G serum w a s  added 500 bl of a mixture of r a b b i t  a n t i -  

T and r a b b i t  an t i - f luoresce in  serum. Af ter  1 h ,  500 pl of f luo r -  

esce in- labe l led  T4 (30 pg/l) was added and t h e  fluorescence measured 

as above. 

4 

Alterna t ive  binding fluoroimmunoassay using a mixed antibody complex 

The mixed antibody complex w a s  f i r s t  prepared as above. To 

100 p1 a l i q u o t s  of standard so lu t ions  of T4 i n  bu f fe r  w a s  added 650 

pl of f luoresce in- labe l led  T4 ( 2 3  pg/1) followed by 750 pl of the  

mixed antibody complex and the  fluorescence w a s  then determined as 

above. A con t ro l  experiment was performed i n  an i d e n t i c a l  manner 

except t h a t  a sheep con t ro l  serum was used i n  p lace  of t he  sheep 

an t i - r abb i t  immunoglobulin G serum. 

RESULTS 

Fluorescence of l abe l l ed  T, i n  t h e  presence of antibody excess  

The r e s u l t s  a r e  summarised i n  T a b l e  1. Addition of sheep a n t i -  

T serum i n  p lace  of bu f fe r  r e s u l t e d  i n  the  expected enhancement of 

fluorescence (Smith, 1977) (from 16 t o  42  fluorescence u n i t s )  which 

4 

w a s  no t  a f f ec t ed  s i g n i f i c a n t l y  by t h e  presence of r a b b i t  con t ro l  

serum. Conversely, addi t ion  of r a b b i t  an t i - f luoresce in  serum i n  

p lace  of bu f fe r  caused a marked decrease i n  fluorescence (from 16 

t o  2 u n t i s )  unaffected by sheep con t ro l  serum. I r r e spec t ive  o f  t h e  
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8 HASSAN, LANDON, AND SMITH 

TABLE 1 

Fluorescence o f  Fluorescein-Labelled T4 i n  t h e  Presence 

of Antibody Excess 

Order of reagent add i t ion  to  l abe l l ed  T .  
4 

F i r s t  reagent 

Buffer 

Anti-T serum* 4 

Anti-T serum 4 

Anti-fluorescein serum 

Anti-fluorescein serum 

Anti-fluorescein serum 

Anti-T serum 4 

Second reagent 

Buffer 

Buffer 

Rabbit con t ro l  serum 

Buffer 

Sheep con t ro l  serum 

Ant i -T  serum 4 

Anti-f luoresce in  serum 

Fluorescence 
i n t e n s i t y  

16 

42 

4 1  

2 

n 
L 

6 

10 

* The antiserum d i l u t i o n s  employed are given i n  t h e  Methods sec t ion .  

order of add i t ion ,  t h e  fluorescence of f luo resce in - l abe l l ed  T w a s  

l a rge ly  quenched i n  t h e  presence of both t h e  anti-T4 and an t i - f luo r -  

esce in  sera, r e l a t i v e  t o  t h e  s igna l  when bound by an t ibod ie s  t o  T 

alone. In  a l l  cases  t h e  r eac t ion  w a s  complete wi th in  1 min as 

judged by attainment of stable f luorescence  readout.  

Fluorescence of l abe l l ed  T, i n  t h e  presence of doubling antiserum 

d i l u t i o n s  

4 

4 

Rabbit anti-T and r a b b i t  an t i - f luo resce in  d i l u t i o n  curves 

were obtained i n  order  t o  choose appropr ia te  d i l u t i o n s  of these 

4 

a n t i s e r a  f o r  use i n  forming t h e  mixed antibody complex. A sheep 
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NON-SEPARATION FIA FOR THYROXINE 9 

I I I I 

1 : loo  1 : 1,000 1 :10,000 1 :100,01 I 

FINAL ANTISERUM DILUTION 

Figure 2. Anti-Tq and an t i - f luoresce in  d i l u t i o n  curves. Closed 
c i r c l e s ,  sheep anti-Tq serum; open c i r c l e s ,  r a b b i t  anti-Tq 
serum; closed t r i a n g l e s ,  con t ro l  sheep serum; open t r i a n g l e s ,  
con t ro l  r a b b i t  serum; closed squares ,  an t i - f luo resce in  serum. 

anti-T4 d i l u t i o n  curve w a s  a l s o  obtained and t h e  r e s u l t s  are shown 

i n  Figure 2 ,  toge ther  with the  r e s u l t s  us ing  con t ro l  r a b b i t  and 

sheep sera. Binding of f luoresce in- labe l led  T by an t ibodies  t o  T4 

and t o  f luoresce in  r e s u l t e d  i n  the  expected enhancement and quenching 

of fluorescence respec t ive ly .  N o n s p e c i f i c  e f f e c t s  were neg l ig ib l e .  

On the  b a s i s  of these  s tud ie s  a f i n a l  d i l u t i o n  of r a b b i t  anti-T 

4 

4 Of 
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10 HASSAN, LANDON, AND SMITH 

25 

20 

15  

I I I A 
1 :30 1 :300 1:3,000 

F I N A L  ANTISERUM DILUTION 

Figure 3. Anti-immunoglobulin G d i l u t i o n  curve i n  formation o f  
mixed antibody complex. F ina l  d i lu t ions :  anti-T4 serum 
1:1600; ant i - f luoresce in  serum 1:6400. Open circle shows 
fluorescence i n  absence of added anti-immunoglobulin G serum. 

1:1600 and of r a b b i t  an t i - f luoresce in  of 1:6400 w a s  chosen t o  form 

t he  mixed antibody complex. 

Formation of mixed antibody complex 

The fluorescence of f luoresce in- labe l led  T4 added t o  a mixture 

of r a b b i t  anti-T and an t i - f luoresce in  sera w a s  increased some t w o -  4 
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NON-SEPARATION FIA FOR THYROXINE 11 

25 

20 

15 

h I V  I I I I 

0 

I h I 1 1 I 

o v  2 5 10 20 

FINAL THYROXINE CONCENTRATION (nmol / l  ) 

Figure 4.  Alternative binding fluoroimmunoassay standard curve. 
Closed circles, using mixed antibody complex; open circles, 
anti-immunoglobulin G serum replaced by control sheep serum. 
Final dilutions: anti-Tq serum 1:1600; anti-fluorescein serum 
1:6400; anti-immunoglobulin G serum or control sheep serum 
1:160. 

fold by prior complexation of the antibodies with sufficient amounts 

of sheep anti-rabbit immunoglobulin G serum (Figure 3 ) .  On the 

basis of this experiment a final dilution of 1:160 was chosen to 

form the mixed antibody complex. Prior incubation of the two rabbit 

antisera with serum from a control sheep had no significant effect. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
5
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



12 HASSAN, LANDON, AND SMITH 

Alterna t ive  binding fluoroimmunoassay us ing  a mixed antibody complex 

I t  proved poss ib l e ,  using t h e  mixed antibody complex, t o  ob ta in  

a standard curve f o r  T4 (Figure 4) with the add i t ion  of increas ing  

amounts of un labe l led  T 

fluorescence reading. The con t ro l  experiment confirmed t h e  dependence 

causing a progress ive  decrease i n  t h e  f i n a l  
4 

of the  observed e f f e c t s  on t h e  presence of s p e c i f i c  sheep a n t i - r a b b i t  

immunoglobulin G serum. 

4 
The background s i g n a l  from reagents  o the r  than  the  l a b e l l e d  T 

w a s  10 u n i t s  and was l a rge ly  cont r ibu ted  by the  i n t r i n s i c  f luo r -  

escence of t h e  r e l a t i v e l y  high concent ra t ion  of sheep antiserum 

present.  The standard curve obta ined  employing a mixed antibody 

complex 24 h a f t e r  prepara t ion  w a s  t h e  same as t h a t  obtained a f t e r  

1 h although the  mixed antibody reagent  had developed v i s i b l e  

t u r b i d i t y  and the  background s i g n a l  had increased  t o  12 u n i t s .  

DISCUSSION 

Fluorescein-labelled haptens behave s i m i l a r l y  t o  o the r  small 

b i func t iona l  an t igens  comprising two d i f f e r e n t  haptens ,  i n  t h a t  

an t ibodies  d i r ec t ed  aga ins t  t h e  t w o  are able t o  d i f f u s e  s u f f i c i e n t l y  

c lose  together t o  b ind  both simultaneously. This  i s  supported by t h e  

p re sen t  f ind ing  t h a t  an t ibodies  t o  f luo resce in  quenched t h e  f luo r -  

escence of f luoresce in- labe l led  T4 even when the  l a b e l l e d  hapten was 

a l ready  bound by an t ibodies  t o  T4 (Table 1). 

F I A  of the  type s u i t a b l e  f o r  p r o t e i n s  [ 2 ]  would no t ,  i n  gene ra l ,  be 

expected to be app l i cab le  to hapten assay. S imi la r  f a i l u r e  of t h e  

i n d i r e c t  quenching approach was found wi th  gentamicin us ing  a l l  

poss ib l e  combinations of one r a b b i t  and t w o  d i f f e r e n t  sheep a n t i -  

Thus i n d i r e c t  quenching 
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NON-SEPARATION FIA FOR THYROXINE 13 

gentamicin sera and f i v e  d i f f e r e n t  r a b b i t  a n t i - f l u o r e s c e i n  sera 

(Smith, D.S., unpublished o b s e r v a t i o n s ) .  

We p r e d i c t e d  t h a t  a non-separat ion FIA could  be  made p o s s i b l e  

by p r e v e n t i n g  t h e  c l o s e  approach of  t h e  combining sites of a n t i b o d i e s  

d i r e c t e d  a g a i n s t  t h e  label and a g a i n s t  t h e  hapten.  Thus, f o r  

example, a n  i n d i v i d u a l  molecule  of  f l u o r e s c e i n - l a b e l l e d  T might  

b ind  t o  a molecule of  a n t i - f l u o r e s c e i n  or of  ant i -T4 b u t  n o t  t o  both.  

T h i s  was achieved  by i n c o r p o r a t i n g  mixed r a b b i t  a n t i b o d i e s  i n t o  

immune complexes formed by a d d i t i o n  of sheep a n t i - r a b b i t  immuno- 

g l o b u l i n  G serum. F l u o r e s c e i n - l a b e l l e d  T p a r t i t i o n s  between the 

anti-T4 and a n t i - f l u o r e s c e i n  b inding  si tes and the p r o p o r t i o n s  of t h e  

two a n t i s e r a  can be  s e l e c t e d  such t h a t  an i n t e r m e d i a t e  f i n a l  

f luorescence  s i g n a l  i s  g iven .  

anti-T4 b inding  sites so t h a t  more o f  t h e  l a b e l l e d  T4 i s  bound by 

a n t i - f l u o r e s c e i n  s i tes  l e a d i n g  t o  reduced f l u o r e s c e n c e  and the 

4 

4 

Added u n l a b e l l e d  T4 competes f o r  t h e  

4 -  
a b i l i t y  t o  c o n s t r u c t  a s t a n d a r d  curve  f o r  T 

A l t e r n a t i v e  b inding  FIA of t h i s  type involve  one fewer step 

than an i n d i r e c t  quenching a s s a y  and are comparable i n  s i m p l i c i t y  

wi th  o t h e r  non-separat ion FIA methods such as  d i r e c t  quenching [ l ] ,  

f l u o r e s c e n t  e x c i t a t i o n  t r a n s f e r  ill] and s u b s t r a t e - l a b e l l e d  FIA [121. 

P o t e n t i a l  a l t e r n a t i v e s  t o  t h e  u s e  o f  second an t ibody i n  forming t h e  

mixed an t ibody complex i n c l u d e  p r o t e i n  A [13], chemical  c r o s s - l i n k a g e  

[14,  151, complexation of  hapten-conjugated a n t i b o d i e s  w i t h  a n t i -  

hapten an t ibody 1161 and c o v a l e n t  coupl ing  of a n t i b o d i e s  t o  suspendable  

polyacrylamide microspheres  [ 1 7 ]  or o t h e r  suppor ts .  

Correspondence t o  D r .  D.S. Smith. 
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