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Description 

This  invention  relates  to  chemical  and  bio- 
chemical  assays,  and  more  particularly  to  such 
assays  wherein  the  volume,  relative  to  a  given 
sample  volume,  of  at  least  one  of  the  constituent 
phases  of  a  fluid  suspension  is  to  be  quantitated 
without  physically  separating  the  phases  from  one 
another. 

A  problem  frequently  encountered  in  the  assay 
of  fluid  suspensions  is  to  determine  the  volume, 
relative  to  the  total  volume,  of  one  or  more  of  the 
constituent  phases.  Thus,  for  instance,  in  the  assay 
of  milk,  it  is  frequently  desired  to  determine  the 
percentage  butterfat  content.  As  another  example, 
in  the  assay  of  whole  blood,  the  percentage  cellular 
volume  [generally  expressed  as  a  packed  cell  vol- 
ume  (PCV)  or  hematocrit]  is  frequently  desired. 
Such  relative  volumes  are  commonly  determined 
after  the  constituent  phases  of  the  suspension  are 
physically  separated  from  one  another,  as  by  cen- 
trifugation. 

Not  only  is  such  a  separation  step  a  typical 
preliminary  to  the  quantitation  of  the  constituent 
phases  of  a  suspension,  it  is  also  generally  a 
preliminary  to  yet  other  assays.  Thus,  to  consider 
again  the  assay  of  blood,  a  large  number  of  pro- 
tocols  require  a  serum  sample,  the  blood  first  be- 
ing  centrifuged  to  separate  from  the  serum  the 
approximately  50%  volume  of  cells.  As  a  con- 
sequence,  any  protocol  permitting  the  use  of  whole 
blood  requires  a  correction  for  cell  volume  to  relate 
the  whole  blood  measures  to  the  serum  measures 
that  constitute  the  accepted  body  of  clinical  data. 
Similar  considerations  occur  with  respect  to  the 
assay  of  a  constituent  phase  of  other  suspensions. 

A  particular  class  of  assays  that  may  incor- 
porate  the  present  invention  are  immunoassays. 
Such  assays,  in  which  aliquots  of  sample  and  one 
or  more  reagents  are  variously  reacted  to  form 
antigen-antibody  or  similar  complexes  which  may 
then  be  observed  in  order  to  assay  the  sample  for 
the  presence  and  titer  of  a  predetermined  moiety 
of  the  complex,  are  well  known.  Typical  of  such 
assays  are  those  wherein  a  specific  antibody  is 
used  to  measure  the  quantity  of  the  antigen  for 
which  it  is  specific  (or  vice  versa).  However,  the 
technique  has  been  extended  to  quantitate  haptens 
(including  hormones,  alkaloids,  steroids,  and  the 
like)  as  well  as  antigens,  and  antibody  fragments 
(i.e.,  Fab)  as  well  as  complete  antibodies,  and  it  is 
in  this  broader  sense  that  the  present  invention 
should  be  understood. 

As  is  well  known,  sensitive  immunoassays  em- 
ploy  tracer  techniques  wherein  a  tagged  constitu- 
ent  of  the  complex  is  incorporated  into  the  reagent, 
the  non-complexed  tagged  reagent  being  sepa- 
rated  from  the  complexed  reagent,  and  the  com- 

plex  (or  non-complexed  reagent)  then  quantitated 
by  observing  the  tag.  Both  radioisotopes  and  flu- 
orescent  markers  have  been  used  to  tag  constitu- 
ents  of  immunoassay  reagents,  the  tag  being  re- 

5  spectively  observed  by  a  gamma  ray  counter  or  a 
fluorimeter.  The  present  invention  is,  however,  di- 
rected  only  to  those  assays  which  rely  on  fluores- 
cence. 

The  separation  of  the  non-complexed  tagged 
io  moiety  from  the  complexed  is  commonly  accom- 

plished  by  immobilizing  a  predetermined  one  of  the 
components  of  the  complex  to  a  solid  phase  (such 
as  the  inside  wall  of  a  test  tube,  glass  or  polymeric 
beads,  or  the  like)  so  as  hopefully  not  to  hinder  the 

75  component's  reactivity  in  forming  the  complex.  As 
an  example,  an  antibody  such  as  immunoglobulin 
G  (IgG)  may  be  bound  by  to  a  solid  phase,  such  as 
glass,  by  a  silyl  compound  such  as  3-aminopropyl- 
trimethoxy  silane,  through  the  use  of  bifunctional 

20  reagents  such  as  phenyl  diisothiocyanate.  Any 
complex  formed  incorporating  the  immobilized 
component  may  then  be  physically  separated  from 
the  non-reacted  complement  remaining  in  solution, 
as  by  aspirating  or  decanting  the  fluid  from  a  tube 

25  or  by  eluting  the  fluid  through  a  particulate  bed. 
Alternatively,  as  disclosed,  for  instance,  in  my 
copending  European  Patent  Application 
No.83304821  .8,  Publication  No.01  03426,  total  re- 
flection  fluorescence  (TRF)  and  fluorescence  tun- 

30  nelling  may  be  used  to  restrict  the  excitation  and 
observation  of  fluorescence  to  an  extremely  thin 
layer  adjacent  the  solid  phase,  thereby  in  effect 
accomplishing  the  separation  of  the  immobilized 
tagged  component  from  that  remaining  in  solution 

35  by  optical  means. 
The  methods  so  far  described  are  applicable  to 

a  number  of  immunological  procedures.  In  com- 
petition  immunoassay,  for  instance,  the  reagent 
consists  of  a  known  quantity  of  tagged  complement 

40  (such  as  antigen)  to  the  immobilized  component  of 
the  complex  (in  this  instance,  antibody).  The 
reagent  is  mixed  with  a  fixed  quantity  of  the  sam- 
ple  containing  the  untagged  complement  to  be 
quantitated.  Both  tagged  and  untagged  comple- 

45  ment  attach  to  the  immobilized  component  of  the 
complex  in  proportion  to  their  relative  concentra- 
tions.  After  incubation  for  a  set  time,  the  fluid 
sample  and  reagent  are  separated.  The  complex 
immobilized  to  the  solid  phase  is  then  illuminated 

50  with  radiation  of  a  wavelength  chosen  to  excite 
fluorescence  of  the  tag,  and  the  fluoresence  is 
measured.  The  intensity  of  the  fluoresence  of  the 
immobilized  complex  is  inversely  proportional  to 
the  concentration  of  the  untagged  complement  be- 

55  ing  assayed. 
Alternatively,  an  assay  may  be  made  by  immo- 

bilizing  a  quantity  of  an  analog  of  the  moiety  to  be 
quantitated  (i.e.,  a  substance  which  is  im- 
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munologically  similarly  reactive)  and  reacting  the 
sample  with  a  known  quantity  of  tagged  comple- 
ment.  The  tagged  complement  complexes  with 
both  the  unknown  quantity  of  the  moiety  in  the 
sample  and  the  immobilized  analog.  Again,  the 
intensity  of  fluorescence  of  the  immobilized  com- 
plex  is  inversely  proportional  to  the  concentration 
of  the  (free)  moiety  being  quantitated. 

So-called  "sandwich"  immunoassays  may  be 
performed  for  multivalent  complements  to  the  im- 
mobilized  component,  the  attached  complement 
being  then  further  reacted  with  a  tagged  analog  of 
the  immobilized  component.  Thus,  bivalent  antigen 
may  be  bound  to  an  immobilized  antibody  and 
then  reacted  with  a  fluorescent  tagged  antibody, 
forming  an  antibody  -  antigen  -  tagged  antibody 
sandwich  that  may  then  be  separated  from  the 
unreacted  tagged  antibody.  The  intensity  of  the 
fluorescence  of  the  thus  formed  immobilized  com- 
plex  is  directly  proportional  to  the  concentration  of 
the  species  being  quantitated. 

A  number  of  problems  arise  in  the  fluorescent 
assay  of  biological  fluids.  Thus,  for  instance,  eryth- 
rocytes  are  highly  absorbing.  Accordingly,  prior  art 
fluorescent  assays  of  blood  typically  centrifuge  the 
sample  and  assay  the  supernatant  serum.  Typical 
centrifugation  procedures  require  on  the  order  of 
15  to  30  minutes,  a  time  period  that  may  be 
inconsistent  with  some  clinical  procedures  where 
assay  results  are  required  rapidly  (so-called  "stat" 
procedures).  For  such  cases,  state-of-the-art  micro- 
sampling  techniques  and  centrifuges  do  permit  se- 
rum  extraction  in  less  than  a  minute;  however,  such 
centrifuges  are  not,  as  yet,  available  in  all  clinical 
laboratories,  and  in  any  event,  serum  extraction,  by 
whatever  means,  is  an  additional  step,  and  con- 
sequently  a  potential  source  for  the  introduction  of 
human  error.  Further,  means  for  serum  extraction 
are  not  available  in  all  settings  where  a  rapid  assay 
may  be  desireable  (e.g.,  mobile  emergency  facili- 
ties,  home  care,  and  the  like). 

The  total  reflection  fluorescence  assay  meth- 
ods,  as  described  in  the  aforementioned  European 
Application  EP-A-0103  (No.83304821  .8,)  by  sam- 
pling  an  extremely  thin  layer  of  the  sample,  permit 
assays  of  optically  dense  samples.  While  in  princi- 
ple  this  would  allow  fluorescent  assay  of  whole 
blood,  clinical  experience  has  generally  been  with 
serum  samples,  and  consequently,  to  relate  whole 
blood  assays  to  the  accepted  body  of  experimental 
data  requires  a  quantitation  of  the  serum  volume  of 
the  sample.  A  similar  consideration  occurs  with 
other  biological  fluids,  such  as  saliva,  wherein  the 
sample  as  collected  is  also  typically  a  disperse 
system  with  an  unknown  ratio  of  suspended-to- 
suspending  material  (e.g.,  for  saliva,  an  unknown 
ratio  of  bubble  to  fluid  volumes). 

OBJECTS  OF  THE  INVENTION 

Accordingly,  it  is  an  object  of  the  present  in- 
vention  to  provide  apparatus  and  methods  for 

5  quantitating  the  relative  volumes  of  the  constituent 
phases  of  a  fluid  suspension  without  requiring  the 
physical  separation  of  the  phases. 

It  is  a  further  object  of  the  present  invention  to 
provide  apparatus  and  methods  for  fluorescent  im- 

io  munoassay  that  do  not  require  the  separation  of  a 
suspended  phase  from  the  sample  before  mea- 
surement. 

Also,  it  is  an  object  of  the  invention  to  provide 
for  immunoassay  of  whole  blood,  saliva,  and  the 

is  like,  with  a  single  apparatus  that  compensates  the 
measurements  for  the  relative  volume  of  the  rel- 
evant  portion  (e.g.,  serum,  etc.)  of  the  sample. 

BRIEF  DESCRIPTION  OF  THE  INVENTION 
20 

These  and  other  objects  are  accomplished  in 
the  present  invention  of  an  assay  apparatus  and 
method  employing  total  internal  fluoresecence  to 
define  a  thin  observed  volume  of  a  multi-phase 

25  suspension  from  which  the  suspended  phase,  be- 
cause  of  its  size  and  shape,  is  substantially  ex- 
cluded.  Observations  of  the  fluorescence  of  a 
known  quantity  of  fluorescent  material  introduced 
into  a  known  volume  of  the  sample  containing  the 

30  observed  volume  permits  quantitation  of  the  vol- 
umes  of  the  suspended  and  suspending  phases. 

According  to  the  present  invention  there  is 
provided  apparatus  for  assaying  a  sample  suspen- 
sion  that  can  form  a  complex  incorporating  a  flu- 

35  orescent  tag  capable  of  emitting  fluorescent  radi- 
ation  over  a  first  frequency  band  in  response  to  a 
first  predetermined  band  of  exciting  radiation,  said 
apparatus  including,  a  totally  internally  reflecting, 
elongate,  optical  element  transmissive  to  excitation 

40  radiation  which  when  propagated  through  said  sub- 
strate  will  provide  an  evanescent  wave  at  a  surface 
of  such  element  for  exciting  fluorescence  in  flu- 
orescent  material  disposed  in  an  evanescent  zone 
immediately  adjacent  said  surface,  said  element 

45  being  transmissive  to  said  fluorescence,  and  a  hol- 
low,  elongate  enclosure  spaced  from  and  surround- 
ing  said  surface,  characterized  in  that: 

a  pre-established  quantity  of  a  fluorescent  ma- 
terial  is  disposed  in  the  interspace  between  said 

50  element  and  said  enclosure,  said  fluorescent  ma- 
terial  being  soluble  in  a  unique  fluid  phase  of  said 
sample  suspension  and  being  capable,  when  so 
dissolved,  of  emitting  fluorescent  radiation  over  a 
second  frequency  band  when  excited  by  a  second 

55  band  of  exciting  radiation. 
Further  in  accordance  with  the  present  inven- 

tion  there  is  provided  a  method  for  quantitating  the 
relative  volumes  of  the  constituent  phases  of  a  fluid 

3 
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suspension,  said  method  employing  an  optical  ele- 
ment  transmissive  to  excitation  radiation  which  can 
excite  fluorescence  of  a  fluorescent  material  solu- 
ble  in  a  unique  fluid  phase  of  said  sample  suspen- 
sion,  said  optical  element  also  being  transmissive 
to  fluorescence  of  said  fluorescent  material,  said 
method  comprising  the  steps  of: 

immersing  a  known  area  of  said  optical  ele- 
ment  in  a  fluid  sample  to  be  assayed; 

controlling  the  immersion  of  said  optical  ele- 
ment  so  as  to  insure  said  known  area  is  completely 
covered  with  a  thin  layer  of  said  fluid  sample  of 
known  thickness; 

introducing  a  pre-established  quantity  of  said 
fluorescent  material  into  the  volume  of  said  fluid 
sample  established  by  said  known  area  and  said 
known  thickness; 

incubating  said  optical  element  in  said  volume 
of  fluid  sample  for  a  time  in  excess  of  the  time 
required  for  diffusional  processes  to  distribute  said 
fluorescent  material  within  said  volume; 

illuminating  said  optical  element  with  radiation 
so  as  to  excite  fluorescence,  by  an  evanescent 
wave,  of  said  fluorescent  material  dissolved  in  said 
unique  fluid  phase;  and 

measuring  the  intensity  of  said  fluorescence. 
Also  in  accordance  with  the  present  invention 

there  is  provided  a  method  for  immunoassay  em- 
ploying  an  optical  element  transmissive  to  excita- 
tion  radiation  which  can  excite  fluorescence  of  a 
fluorescent  tag  included  as  a  constituent  of  an 
antigen-antibody  complex  to  be  assayed  in  a  sam- 
ple  suspension,  said  element  being  also  transmis- 
sive  to  excitation  radiation  which  can  excite  fluores- 
cence  of  a  second  fluorescent  material  soluble  in  a 
unique  fluid  phase  of  said  sample  suspension,  said 
element  being  also  transmissive  to  fluorescence  of 
said  tag  and  of  said  second  fluorescent  material, 
said  element  having  selected  moieties  of  said 
antibody-antigen  complex  attached  to  a  known  area 
of  its  surface,  said  method  comprising  the  steps  of: 

immersing  said  optical  element  in  a  sample 
suspension  to  be  assayed  so  as  to  form  said 
complex; 

controlling  the  immersion  of  said  optical  ele- 
ment  so  as  to  insure  said  known  area  is  completely 
covered  with  a  thin  layer  of  said  sample  of  known 
thickness; 

introducing  a  pre-established  quantity  of  said 
second  fluorescent  material  into  the  volume  of  said 
sample  suspension  established  by  said  known  area 
and  said  known  thickness; 

incubating  said  submerged  optical  element  for 
a  time  in  excess  of  the  time  required  for  diffusional 
processes  to  scavenge  said  volume; 

illuminating  said  optical  element  with  said  ex- 
citation  radiation  so  as  to  excite  fluorescence,  by 
an  evanescent  wave,  of  said  tag  in  said  complex 

attached  to  said  element  and  said  second  fluores- 
cent  material  dissolved  in  said  unique  fluid  phase; 
and 

measuring  the  relative  intensities  of  said  flu- 
5  orescence. 

In  a  preferred  embodiment,  for  use  in  im- 
munoassay,  a  disposable  consisting  of  a  length  of 
precise  diameter  capillary  tubing  having  an  ap- 
proximately  axially  disposed  optical  fiber  to  which 

io  is  immobilized  a  monolayer  of  a  component  of  the 
antibody-antigen  complex  (e.g.,  an  antibody)  is  em- 
ployed.  The  disposable  is  also  provided  with  an 
inert  diluent,  a  preload  of  a  known  amount  of 
tagged  complement  to  the  immobilized  component 

is  (e.g.,  a  fluorescent-tagged  antigen),  and  a  preload 
of  a  known  amount  of  a  second  fluorescent  ma- 
terial  that,  for  example,  fluoresces  at  a  different 
wavelength  than  does  the  tag.  The  second  fluores- 
cent  material  is  chosen  and  loaded  so  as  to  be 

20  non-reactive  with  the  constituents  of  the  sample  but 
completely  soluble  in  the  anticipated  volume  of  the 
relevant  portion  of  the  sample  (e.g.,  the  serum 
portion  of  whole  blood  or  the  liquid  portion  of 
saliva).  The  second  fluorescent  material  is  also 

25  chosen  to  have  a  diffusion  rate  at  least  as  great  as 
that  of  the  tagged  constituent  and  its  complement. 

In  a  preferred  mode  of  operation,  the  fiber  is 
immersed  in  a  sample  of  interest,  and  allowed  to 
remain  for  a  sufficient  time  period  for  both  the 

30  second  fluorescent  material  and  the  tagged  con- 
stituent  and  its  complement  to  diffuse  throughout 
the  volume  between  the  fiber  and  the  capillary  tube 
wall.  The  total  sample  volume  through  which  the 
fluorescent  material  may  diffuse  is  defined,  inter 

35  alia,  by  the  geometry  of  the  fiber  and  the  capillary 
tube.  As  the  quantity  of  the  second  fluorescent 
material  is  preestablished,  the  concentration  of  the 
second  fluorescent  material  in  the  suspending  fluid 
portion  of  the  sample  is  a  measure  of  the  fluid 

40  volume,  being  inversely  proportional  to  the  volume. 
Observations  of  both  fluorescent  materials  are 

made  by  total  reflection  fluorescence,  an  end  of  the 
fiber  being  both  illuminated  and  observed  within 
the  fiber's  numerical  aperture.  Only  that  portion  of 

45  the  fluorescent  material  within  the  evanescent  wave 
fluoresces,  and  of  this,  only  that  which  tunnels  back 
into  the  fiber  is  observed.  As  a  result,  all  that  is 
observed  of  either  the  fluorescent  tag  (both  immo- 
bilized  to  the  fiber  and  suspended  in  the  fluid)  or 

50  the  second,  graduating,  fluorescent  material  (now 
completely  disolved  in  the  suspending  fluid)  is 
within  a  few  hundred  Angstroms  of  the  fiber.  In 
part,  the  restriction  of  the  fluorescent  observations 
to  a  thin  zone  adjacent  the  fiber  insures  that  the 

55  observation  is  primarily  of  the  fluid  constituent  of 
the  sample,  the  volume  of  the  suspended  phase 
(e.g.,  blood  cells  or  bubbles)  near  the  fiber  being 
partially  limited  by  the  geometry  of  the  suspended 

4 
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phase. 
By  appropriate  optical  filtering,  the  fluorescent 

signals  due  to  the  tag  and  to  the  disolved  fluores- 
cent  material  are  individually  processed,  the  signal 
due  to  the  tag  providing  a  titer  of  the  im- 
munologically  reactive  species  within  the  total  vol- 
ume  sampled,  the  signal  due  to  the  second  fluores- 
cent  material  providing  a  first-order  measure  of  the 
concentration  of  the  material,  and  hence  the  total 
volume  of  suspending  fluid.  A  guard  channel,  ob- 
serving  the  sample  by  attenuated  total  reflection  at 
the  fluorescence  excitation  wavelength,  may  also 
be  used  to  provide  a  measure  of  any  attenuation 
due  to  absorbing  particles  suspended  in  the  fluid 
adjacent  the  fiber,  thereby  permitting  a  second- 
order  correction  to  the  determination  of  the  con- 
centration  of  the  sample. 

Since  the  assay  kit  of  the  present  invention 
contains  the  necessary  reagents  in  the  required 
quantity  and  dilution,  and  since  its  construction 
controls  the  total  volume  sampled  and  compen- 
sates  for  the  suspended  matter,  little  training  or 
skill  is  required  of  the  technician  performing  the 
assay,  nor  is  any  separation,  precision  volumetric, 
differential  sensing,  or  timing  apparatus  required. 

Inasmuch  as  fibers  and  capillary  tubing  of  pre- 
cise  diameter  and  bore  are  readily  and  inexpen- 
sively  available,  and  since  the  coating  and  loading 
of  the  fiber  may  be  easily  controlled  during  manu- 
facture,  it  will  be  appreciated  that  the  disposable  of 
the  present  invention  may  be  fabricated  reasonably 
inexpensively. 

Other  objects  of  the  invention  will  in  part  be 
obvious  and  will  in  part  appear  hereinafter.  The 
invention  accordingly  comprises  the  apparatus  pos- 
sessing  the  construction,  combination  of  elements, 
and  arrangement  of  parts  and  the  method  compris- 
ing  the  several  steps  and  the  relation  of  one  or 
more  of  such  steps  with  respect  to  each  of  the 
others  which  are  exemplified  in  the  following  de- 
tailed  disclosure  and  the  scope  of  the  application  of 
which  will  be  indicated  in  the  claims. 

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

For  a  fuller  understanding  of  the  nature  and 
objects  of  the  present  invention,  reference  should 
be  had  to  the  following  detailed  description  taken  in 
connection  with  the  accompanying  drawings 
wherein: 

FIG.  1  is  a  longitudinal  cross-sectional  view  of  a 
disposable  immunoassay  kit  which  forms  a  pre- 
ferred  embodiment  of  the  apparatus  of  the 
present  invention; 
FIG.  2  is  a  view,  similar  to  FIG.  1,  of  an  alter- 
native  embodiment  of  the  immunoassay  kit  of 
the  present  invention; 
FIG.  3  is  a  stylized  view  of  a  portion  of  the  kit  of 

FIG.  1  (or  2),  illustrating  a  typical  immuno- 
chemical  reaction  in  the  realization  of  the  inven- 
tion;  and 
FIG.  4  is  a  partial  schematic  view  and  block 

5  diagram  of  an  exemplary  fluorometer  for  use 
with  the  immunoassay  kit  of  the  present  inven- 
tion. 

In  the  figures,  like  index  numbers  refer  to  like 
elements. 

io  With  reference  to  terminology,  it  will  be  noted 
in  the  detailed  description  of  the  apparatus  of  this 
invention  that  portions  of  the  apparatus  are  referred 
to  as  "upper"  and  "lower"  portions.  This  is  done 
wholly  for  convenience  and  to  relate  the  description 

is  to  the  diagramatic  representations  in  the  drawings. 
It  will  be  appreciated  that  the  apparatus  can  func- 
tion  in  any  position  or  orientation  and  it  is  within  the 
scope  of  this  invention  to  have  it  do  so.  It  is  further 
to  be  understood  that  the  representation  in  the 

20  figures  is  diagramatic  and  no  attempt  has  been 
made  to  indicate  actual  scales  or  ratios. 

DETAILED  DESCRIPTION 

25  The  present  invention  operates  by  total  reflec- 
tion  fluorescence,  coupled  with  tunneling  of  the 
fluorescent  radiation. 

Although,  as  will  be  described,  the  invention 
may  be  practiced  independently  of  other  assays, 

30  thereby  merely  quantitating  the  relative  volume  of  a 
constituent  phase  of  a  fluid  suspension,  it  may  be 
incorporated  with  advantage  into  certain  other  as- 
says.  In  the  latter  cases,  such  combined  apparatus 
and  methods  result  not  only  in  the  obvious  advan- 

35  tages  of  the  combination  (i.e.,  the  quantitation  of 
several  items  with  but  a  single  apparatus  and  pro- 
cedure),  but  may  also  be  used  to  simplify  the 
protocol  ordinarily  required  for  the  other  assay. 
Immunoassays  of  biological  fluids  are  such  a  case, 

40  since  such  fluids  are  generally  suspensions,  and 
since  most  protocols  require  separating  the  various 
constituent  phases  of  the  suspension  as  a  prelimi- 
nary  to  the  immunoassay.  For  this  reason,  a  pre- 
ferred  embodiment  of  the  present  invention  is  in 

45  conjunction  with  immunoassay,  and  it  is  with  regard 
to  such  an  embodiment  that  the  invention  will  now 
be  described.  The  disposable  employed  herein  is 
similar  to  that  described  in  my  copending  Eu- 
ropean  Patent  Application  EP-A-01  03426  (No. 

50  83304821.8)  and  to  which  reference  may  be  had 
for  further  details  of  its  basic  structure  and  opera- 
tion. 

Referring  to  FIG.  1,  there  may  be  seen  a 
longitudinal  cross-sectional  view  of  an  immunoas- 

55  say  kit  10  made  in  accordance  with  the  principles 
or  the  present  invention.  Kit  10  comprises  optical 
fiber  12,  capillary  tube  14,  and  stopper  16. 

Fiber  12  is  an  elongate  substantially  cylindrical 

5 
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optically  transparent  body  adapted  to  propagate 
along  its  length  through  multiple  total  internal  re- 
flections  optical  radiation  entering  an  end  of  the 
fiber  within  an  established  solid  angle  substantially 
rotationally  symmetric  about  the  fiber's  axis.  As  is 
well  known  in  the  art  of  fiber  optics,  the  maximum 
acceptance  angle,  with  regard  to  the  fiber  axis,  B, 
for  the  radiation  entering  the  fiber  and  so  propa- 
gated  within  it,  is  established  by  the  refractive 
indices  of  the  fiber  and  the  surrounding  medium. 
For  radiation  initially  propagating  through  a  medium 
of  refractive  index  n0,  incident  upon  a  fiber  of 
refractive  index  ni  otherwise  surrounded  by  a  ma- 
terial  of  refractive  index  r\2,  the  maximum  accep- 
tance  angle  may  be  found  from  the  equation 

N.A.  =  n0  sin  B  =  (m2  -  n22)1'2  ,  (1) 

where  N.A.  is  the  so-called  numerical  aperture  of 
the  fiber.  By  way  of  example,  but  not  limitation, 
fiber  12  may  be  any  of  a  number  of  optically 
transparent  materials,  such  as  glass,  quartz,  poly- 
propylene,  polyamine,  nylon,  or  the  like,  chosen  to 
have  an  index  of  refraction  greater  than  that  of  the 
fluid  sample  being  assayed  (typically,  an  aqueous 
solution  having  an  index  of  refraction  near  1  .33  or  a 
serum  sample  having  an  index  of  refraction  near 
1.35)  and  further  chosen  to  be  relatively  insoluble 
and  non-reactive  with  the  fluid.  While  other  fiber 
diameters  may  be  used,  it  has  been  found  that  200 
linn  is  satisfactory.  For  most  assays,  a  fiber  25  mm 
in  length  appears  adequate;  however,  it  will  be 
understood  that  the  length  of  the  fiber  can  be 
accommodated  to  the  assay  to  be  undertaken. 

Capillary  tube  14  is  preferably  an  optically 
transparent  tube,  its  material  of  construction  also 
being  chosen  to  be  relatively  insoluble  and  non- 
reactive  with  the  fluid  being  assayed.  Thus,  capil- 
lary  tube  14  is  preferably  fabricated  from  such 
materials  as  glass,  quartz,  polypropylene, 
polyolefin,  or  the  like.  In  a  preferred  embodiment, 
capillary  tube  14  is  of  right  circular  cylindrical  bore, 
having  an  inside  diameter  a  few  hundred  urn  larger 
than  the  diameter  of  fiber  12  (e.g.,  for  a  fiber 
diameter  of  200  urn,  capillary  tube  14  may  have  an 
inside  diameter  of  about  800  urn). 

Stopper  16  is  configured  and  dimensioned  to 
fit  within  an  end  of  capillary  tube  14  and  support  an 
end  portion  18  of  fiber  12  substantially  coaxially 
within  the  capillary  tube.  Additionally,  stopper  16 
provides  a  hard  locating  surface  for  positioning  kit 
10  in  a  fluorimeter,  as  will  be  described  hereinafter. 
To  these  ends,  stopper  16  is  preferably  provided 
with  a  flange  20  having  an  overall  diameter  on  the 
order  of  the  outside  diameter  of  capillary  tube  14 
and  a  centrally  disposed  ferrule-like  extension  21 
coaxial  with  a  central  bore  22.  Bore  22  penetrates 
throughout  stopper  16,  and  is  dimensioned  to  se- 

cure  end  portion  18  of  fiber  12.  In  a  preferred 
embodiment,  stopper  16  is  molded  in  place  about 
fiber  12,  the  stopper  being  preferably  fabricated  of 
a  low  index  material,  such  as  siloxane.  Stopper  16 

5  is  further  provided  with  one  or  more  through  per- 
forations  23  communicating  with  the  interior  of 
capillary  tube  14. 

Fiber  12  passes  through  and  is  supported  by 
stopper  16  so  as  to  expose  substantially  all  of  the 

io  fiber  but  end  portion  18  to  the  interior  of  capillary 
tube  14,  leaving  end  face  24  of  end  portion  18 
unobscured  and  conterminous  with  the  extremity  of 
bore  22  external  to  the  capillary  tube.  End  face  24 
is  preferably  planar  and  disposed  normal  to  the 

is  axis  of  fiber  12.  Preferably,  end  face  24  is  also 
highly  transparent  and  free  of  blemishes  which 
would  tend  to  scatter  light  incident  upon  the  end 
face.  To  this  end,  end  face  24  may  be  optically 
polished,  although  it  has  been  found  that  a  fused 

20  quartz  fiber  may  be  cleaved  to  provide  an  ade- 
quate  optical  surface.  The  end  face  26  of  the  fiber 
distal  from  end  face  24  is  also  polished  flat  or 
cleaved  and  further  provided  with  a  mirror  coating 
28  disposed  substantially  normal  to  the  fiber  axis, 

25  thereby  causing  radiation  trapped  in  the  fiber  to 
double-pass  the  fiber.  The  overall  dimensions  of 
fiber  12,  capillary  tube  14,  and  stopper  16  are 
chosen  to  insure  lower  end  face  26  of  the  fiber  is 
within  the  capillary  tube. 

30  It  will  be  understood  that  mirror  coating  28 
need  not  be  provided,  if  but  a  single  pass  of  the 
radiation  is  acceptable.  In  such  an  embodiment, 
however,  it  is  necessary  that  end  face  26  be  made 
opaque,  positioned  outside  capillary  tube  14,  or 

35  otherwise  arranged  to  be  clear  of  the  fluid  sample 
during  measurements,  in  order  to  confine  the  vol- 
ume  sampled  to  the  region  defined  by  the  evanes- 
cent  wave,  as  will  become  apparent  from  the  dis- 
cussion  infra  of  the  operation  of  the  device. 

40  Prior  to  being  assembled  into  kit  10,  fiber  12  is 
provided  a  coating,  as  will  be  described,  activating 
a  region  30  of  its  cylindrical  surface  for  the  assay 
to  be  performed.  In  a  preferred  embodiment,  the 
activated  region  30  is  restricted  to  a  predetermined 

45  length  of  fiber  12  by  a  chemically  and  optically 
inert  coating  32  of,  for  instance,  low  optical  index 
silicone,  extending  over  both  ends  of  the  fiber.  It 
will  be  understood,  however,  that  the  dimensions  of 
activated  region  30  may  be  controlled  by  other 

50  means  (e.g.,  by  masking  the  fiber  during  coating), 
or,  alternatively,  the  entire  length  of  fiber  12  might 
be  activated  and  the  length  of  the  fiber  disposed 
within  capillary  tube  14  carefully  controlled. 

Turning  now  to  FIG.  3,  there  may  be  seen  a 
55  highly  stylized  representation  of  a  longitudinal 

cross-sectional  portion  of  kit  10  within  activated 
region  30  of  fiber  12,  filled  with  a  sample  43  to  be 
assayed. 

6 
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The  surface  of  fiber  12  within  region  30  is 
provided  with  a  plurality  of  coupling  sites  44,  to  a 
number  of  which  are  bound  a  moiety  46  of  the 
antibody-antigen  complex  of  interest.  (As  used 
herein,  the  phrase  "moiety  of  an  antibody-antigen 
complex"  refers  to  an  immunologically  reactive 
portion  of  such  a  complex,  and  includes  haptens  as 
well  as  complete  antigens  and  antigen  reactive 
antibody  fragments  [Fab]  as  well  as  complete  anti- 
bodies).  Coupling  sites  44  are  so  selected  as  to 
immobilize  moieties  46  without  appreciably  affect- 
ing  the  reactivity  (e.g.,  the  affinity  and  avidity)  of 
the  moiety  for  the  complementary  portion  of  the 
complex.  In  a  preferred  embodiment,  fiber  12  is  of 
glass  or  quartz,  coupling  sites  44  are  the  reactive 
groups  of  a  silyl  compound  such  as  3-aminopropyl- 
trimethoxysilane,  and  moieties  46  are  an  antibody 
such  as  immunoglobulin  G  (IgG).  As  noted 
hereinabove,  for  this  particular  combination  of  solid 
phase,  coupling  site  44  and  moiety  46  may  be 
bound  through  the  antibody's  carboxyl  termina- 
tions,  thereby  leaving  the  antibody's  antigen  reac- 
tive  amino  terminations  free.  The  method  for  pre- 
paring  the  glass  surface  of  fiber  12,  of  attaching  the 
silyl  compound  thereto,  and  of  covalently  bonding 
an  antibody  to  the  glass  through  the  silyl  coupling, 
are  described  by  Weetall  (U.S.  Patent  3,652,761), 
where  may  also  be  found  a  description  of  other 
silyl  compounds  and  the  methods  by  which  car- 
boxyl,  amino,  and  other  reactive  groups  of  antibody 
or  antigen  (or  their  fragments)  may  be  covalently 
bound  to  various  inorganic  materials.  It  should  be 
noted  that  an  extensive  art  for  immobilizing  anti- 
gens  or  antibodies  to  polymers  also  exists,  and 
those  skilled  in  the  art  will  understand  that  coupling 
sites  44  for  antigen  or  antibody  might  be  provided 
on  polymeric  fibers  also.  Thus,  for  instance,  if  fiber 
12  is  of  nylon  (polyamide),  the  coupling  may  be  in 
the  form  of  the  substitution  of  an  appropriate  radi- 
cal  for  the  hydrogen  bound  to  the  polymer's  func- 
tional  groups. 

It  should  be  noted  that  coupling  sites  44  may 
also  incorporate  spacer  groups,  as  are  well  known 
in  the  art,  to  insure  sufficient  separation  between 
fiber  12  and  moieties  46  as  to  minimize  steric 
hindrance  of  the  antibody-antigen  binding  process. 
For  example,  coupling  sites  44  might  include  a 
polyethylene  chain,  as  for  example  in  the  case  of 
1,6  diaminohexane  or  6  aminohexanoic  acid  bound 
to  fiber  12  through  a  peptide  bond  and  respectively 
providing  a  free  primary  amino  and  a  free  carboxyl 
group  for  covalently  binding  to  the  carboxyl  or 
amino  termination  of  a  protein  moiety  46.  Either  of 
these  coupling  materials  provide  a  6-carbon  chain 
between  terminations,  thereby  spacing  moiety  46 
from  fiber  12  by  the  corresponding  distance.  Simi- 
lar  appropriate  coupling  and  spacer  materials  are 
well  known  in  the  arts  of  both  immunoassay  and 

affinity  chromatography. 
In  a  preferred  embodiment,  fiber  12  is  provided 

with  moiety  46  having  occupied  binding  sites,  as 
indicated  at  index  numerals  46C,  the  moieties  be- 

5  ing  in  part  provided  with  attached  tagged  com- 
plement  50  for  competition  immunoassays.  Thus, 
in  one  embodiment  moiety  46  is  an  antibody,  and  a 
preloading  of  tagged  antigen  or  hapten  is  incor- 
porated  into  the  coating  of  fiber  12.  Each  of  the 

io  tagged  components  50  is  provided  with  a  pre- 
determined  quantity  of  fluorophore  52,  thereby  pro- 
viding  a  tag.  The  particular  fluorescing  compounds 
of  interest  for  tagging  include  fluoresceine, 
tetramethylrhodamine,  rare  earth  chelates,  and  the 

is  like.  Methods  for  linking  fluorescent  tags  to  proteins 
are  well  known  in  the  art,  and  many  of  the  com- 
mercially  available  fluorescing  compounds  have 
groups  for  linking  to  proteins.  Preferably,  for  com- 
petition  assay,  a  fixed  portion  of  coupling  sites  44 

20  are  provided  with  a  immunologically  inert  protein 
56,  such  as  albumin. 

The  active  region  of  fiber  12  is  also  coated  with 
a  fixed  quantity  of  immunologically  inert  fluorescent 
material  57.  Fluorescent  material  57  is  chosen  to 

25  be  non-reactive  with  the  sample  or  reagent  and  yet 
to  be  soluble  in  the  suspending  phase  of  the  sam- 
ple.  Thus,  for  assays  involving  whole  blood,  flu- 
orescent  material  57  is  chosen  to  be  non-reactive 
with  protein  and  to  be  soluble  in  blood  serum. 

30  Further,  fluorescent  material  57  is  chosen  so  as  to 
fluoresce  at  a  different  wavelength  than  does  the 
fluorescent  tag  attached  to  tagged  complement  50. 
Then,  too,  fluorescent  material  57  is  chosen  so  as 
not  to  quench,  or  be  quenched  by,  the  fluorescent 

35  tag.  Thus,  to  avoid  radiation  quenching,  each  of  the 
fluorescent  materials  employed  in  a  single  assay  is 
selected  on  the  basis  of  not  having  an  absorption 
maximum  near  the  emmission  maximum  of  the 
other  fluorescent  material  (i.e.,  fluorescent  material 

40  57  and  the  tag  of  tagged  complement  50  are  each 
chosen  on  the  basis  of  not  having  excitation  band 
that  overlaps  the  fluorescent  emission  band  of  the 
other). 

Materials  which  may  be  used  for  fluorescent 
45  material  57  include  such  materials  as  Rhodamine  B 

(C.I.  No.  45170),  Acridine  Orange  (C.I.  No.  46005) 
berberine  sulfate  (C.I.  No.  75,160),  methylene  blue 
(C.I.  No.  52,015),  thionine  (C.I.  No.  52000),  pyrene, 
Astrazone  orange  R,  various  cyanines  (such  as  3,3' 

50  diethyloxadicarbocyanine  iodide),  quinacrine, 
ethidium  bromide,  and  many  others.  Fluorescent 
material  57  is  preloaded  in  sufficient  quantity  to  be 
easily  observable,  but  not  sufficient  to  cause  self- 
absorption.  In  these  circumstances,  fluorescent  ma- 

55  terial  57  will  be  completely  soluble  in  the  antici- 
pated  volume  of  the  suspending  fluid  component  of 
the  sample.  As  a  guide,  and  subject  to  change 
depending  upon  the  material  and  the  sample,  as 
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will  be  understood  by  those  skilled  in  the  art  of 
fluorescent  assay,  fluorescent  material  57  typically 
may  be  preloaded  to  make  up  an  approximately 
10-9  to  10_G  molar  solution  in  a  volume  of  pure 
fluid  that  would  occupy  the  space  between  active 
region  30  of  fiber  12  and  the  adjacent  wall  of 
capillary  tube  14.  Fluorescent  material  57  is  weakly 
attached  to  fiber  12,  as  by  hydrogen  bonding. 

The  coating  can  be  made  to  have  a  fixed 
surface  composition  by  using  adsorption  phenom- 
ena,  as  follows.  For  a  coating  solution  prepared 
with  appropriate  concentration  of  the  reagents, 
mere  immersion  of  a  fiber  activated  with  the  proper 
surface  binding  groups  44  will  produce  a  surface 
monolayer  of  chemically  bound  protein.  The  pro- 
portion  of,  say,  immunoglobulin  to  inert  protein  in 
this  layer  will  be  given  by  (but  not  identical  to)  their 
proportion  in  the  solution.  Any  partial  filling  of  the 
immunoglobulin  active  sites  with  tagged  antigen 
will  of  course  be  maintained  at  the  level  in  the 
solution. 

After  dipping,  the  fiber  is  removed  from  the 
coating  solution.  To  prevent  the  adhering  liquid 
layer  from  entraining  additional  reagent,  the  fiber  is 
then  quickly  washed  before  evaporation  can  occur. 
The  protein  layer,  being  covalently  bound,  will  not 
be  dislodged  by  this  process.  In  order  to  prevent 
binding  of  more  than  one  layer  of  protein,  the 
bifunctional  reagent  must  not  alter  the  net  charge 
of  the  protein  (this  can  be  controlled  by  adjusting 
the  pH  of  the  coating  solution)  and  not  have  too 
long  a  spacer  arm. 

Kit  10  is  intended  for  use  with  fluorometer  59 
(FIG.  4).  Fluorometer  59  comprises  light  source  60, 
beam  splitter  62,  imaging  optics  64,  filters  66A, 
66B,  and  66C,  detectors  67A,  67B,  and  67C,  refer- 
ence  detector  68,  ratio  amplifiers  70A,  70B,  and 
70C,  and  display  72. 

Light  source  60  provides  optical  radiation  of  the 
appropriate  frequency,  chosen  on  the  basis  of  the 
fluorophore  used  as  the  tag  and  fluorescent  ma- 
terial  57,  so  as  to  excite  fluoresence  in  both  com- 
ponents  of  the  reagent.  Light  source  60  preferably 
provides  this  radiation  over  only  a  narrow 
wavelength  band,  chosen  to  maximize  the  fluores- 
cence.  Hence,  light  source  60  typically  includes,  in 
addition  to  the  preferred  tungsten-halogen  lamp 
and  associated  power  supply,  a  band-pass  filter. 
Alternatively,  it  will  be  understood  light  source  60 
might  incorporate  other  sources,  such  as  a  mer- 
cury  lamp,  flash  lamp,  or  a  laser.  Light  source  60 
also  includes  an  appropriate  beam  shaping  ap- 
erture  and  optics,  as  will  be  understood  by  those 
skilled  in  the  art,  to  illuminate  optics  64  with  a 
beam  of  the  appropriate  vergence  so  as  to  permit 
the  optics  to  image  the  source  aperture  on  end 
face  24  of  fiber  12  with  no  ray  incident  on  the  end 
face  at  an  angle  of  incidence  greater  than  that 

corresponding  to  the  numerical  aperture  of  the 
fiber. 

Interposed  between  light  source  60  and  optics 
64  is  beam  splitter  62.  Beam  splitter  62  is  any  of  a 

5  number  of  well-known  optical  systems  that  can 
variously  reflect  and  transmit  a  plurality  of  similar 
beams  of  radiation  from  one  location  to  a  plurality 
of  other  locations.  Thus,  beam  splitter  62  in- 
coporates  partially  reflecting  mirrors  or  similar 

io  components,  and  is  designed  to  project  high  fre- 
quency  (short  wavelength)  fluorescence  exciting  ra- 
diation  from  light  source  60  toward  optics  64  and 
from  optics  64  toward  filter  66C  while  projecting 
low  frequency  (long  wavelength)  radiation  from  op- 

15  tics  64  toward  filters  66A  and  66B.  Beam  splitter  62 
is  further  configured,  by  means  well  known  in  the 
art,  to  project  radiation  of  a  selected  frequency 
from  light  source  60  toward  reference  detector  68. 

Optics  64  are  selected  to  image  light  source  60 
20  on  end  face  24  of  fiber  12,  so  as  to  just  fill  the  end 

face  with  an  image  of  the  beam  shaping  aperture 
of  the  source,  the  maximum  angle  of  incidence  of  a 
ray  being  selected  to  be  no  greater  than  that  cor- 
responding  to  the  numerical  aperture  of  the  fiber. 

25  Optics  64  are  also  selected  so  as  to  collect  sub- 
stantially  all  of  the  radiation  exiting  end  face  24 
over  the  numerical  aperture  of  the  fiber  and  image 
the  end  face  at  photodetectors  66A,  66B,  and  66C. 
As  an  aid  in  establishing  the  proper  position  of 

30  fiber  12,  fluorimeter  59  is  preferably  provided  with 
a  positioning  means,  such  as  aperture  plate  65, 
dimensioned  to  accept  ferrule-like  extension  22  of 
stopper  16  and  disposed  to  position  end  face  24 
appropriately  relative  to  optics  64. 

35  Detectors  67A  and  67B  include  photodetectors, 
each  of  which  is  positioned  to  receive,  through 
beam  splitter  62  and  filters  66A  and  66B  respec- 
tively,  an  image  of  end  face  24  of  fiber  12  projec- 
ted  toward  the  detectors  by  optics  64.  Filters  66A 

40  and  66B,  situated  between  beam  splitter  62  and 
the  respective  detectors  67A  and  67B,  are  respec- 
tively  chosen  to  limit  the  radiation  incident  on  the 
corresponding  photodetector  to  the  emission  maxi- 
ma  of  the  fluorescent  tag  on  tagged  complement 

45  50  and  fluorescent  material  57,  respectively  bloc- 
king  the  fluorescence  of  the  other  material.  Thus, 
for  instance,  if  the  tag  is  fluorescein  and  fluores- 
cent  material  57  is  ethidium  bromide,  filter  66A  is 
chosen  to  pass  a  band  of  radiation  about  a 

50  wavelength  of  520  nm  (corresponding  to  the  flu- 
orescence  maximum  of  fluorescein),  and  to  reject  a 
band  from  about  580  to  700  nm  (corresponding  to 
the  fluorescence  maximum  of  ethidium  bromide). 
For  such  a  combination  of  fluorescent  materials,  a 

55  dichroic  beam  splitter  reflecting  the  520  nm  radi- 
ation  and  transmitting  the  580  to  700  nm  band 
might  be  used.  The  pass-and  rejection-bands  of 
filter  66B  are  preferably  selected  to  be  the  reverse 

8 



15 EP  0  128  723  B1 16 

of  those  of  filter  66A.  As  a  result,  radiation  from  the 
fluorescent  tag  collected  by  optics  62  is  incident  on 
detector  67A  and  flourescence  due  to  fluorecent 
material  57  is  incident  on  detector  67B. 

Detectors  67A  and  67B  each  preferably  include 
a  photomultiplier  (provided  with  appropriate  power 
supply  and  field  optics  to  restrict  the  detector's 
field  of  view  to  end  face  24,  as  is  well  known  in  the 
art),  chosen  to  have  maximum  sensitivity  in  the 
region  of  peak  fluorescence  of  the  tag  and  fluores- 
cent  material  57,  respectively.  Detectors  67A  and 
67B  are  further  preferably  provided  with  blocking 
filters  corresponding  to  the  band-pass  filter  pro- 
vided  light  source  60. 

Filter  66C  and  detector  67C  are  also  disposed 
to  be  illuminated  by  radiation  exiting  end  face  24  of 
fiber  12  and  collected  by  optics  64  and  passed  by 
beam  splitter  62.  Filter  66C  is  selected  to  transmit 
to  detector  67C  only  that  radiation  incident  upon  it 
which  is  within  the  pass  band  of  the  band-pass 
filter  provided  light  source  60,  and  detector  67C  is 
chosen  to  have  maximum  sensitivity  to  this  radi- 
ation.  Detector  67C  is  also  provided  with  power 
supply  as  required  and  field  limiting  stops  (not 
shown)  to  restrict  its  field  of  view  to  end  face  24  of 
fiber  12. 

Reference  detector  68,  preferably  a 
photodiode,  is  disposed  to  intercept  radiation  from 
light  source  60  passing  through  beam  splitter  62. 
Reference  detector  68  is  chosen  for  peak  sensitiv- 
ity  in  the  spectral  region  of  light  source  60  passed 
by  beam  splitter  62,  and  includes  appropriate  field 
stops  and  optics  to  limit  its  field  of  view  to  the 
source. 

Ratio  amplifiers  70A,  70B,  and  70C  are  any  of 
a  number  of  well-known  electronic  means  each 
providing  an  output  signal  proportional  to  the  ratio 
of  a  pair  of  input  signals,  so  connected  to  the 
outputs  of  reference  detector  68  and  respectively 
to  detectors  67A,  67B,  and  67C  as  to  provide 
signals  proportional  to  the  ratios  of  the  outputs  of 
the  respective  detectors  to  the  reference  detector. 
For  instance,  each  ratio  amplifier  may  be  a  variable 
gain  amplifier  amplifying  the  output  from  an  individ- 
ual  detector  66  and  having  a  gain  inversely  propor- 
tional  to  the  output  from  reference  detector  68. 

The  output  of  ratio  amplifiers  70A,  70B,  and 
70C  are  connected  to  and  serve  as  the  inputs  for 
display  72.  Display  72  is  any  of  a  number  of 
devices  that  provides  three  visual  signals  propor- 
tional  to  each  of  three  electrical  inputs,  and  may 
be,  for  instance,  a  set  of  meters  or  digital  displays, 
a  multi-trace  strip  chart  recorder,  or  the  like. 

Kit  10  is  primarily  intended  for  use  with  fluid 
suspensions,  although  it  will  be  understood  that  it 
could  also  be  used  with  samples  in  which  the 
various  phases  have  been  separated.  As  used 
herein,  the  term  "suspension"  means  a  non-homo- 

geneous  physico-chemical  system  having  two  or 
more  physically  distinct  and  mechanically  separa- 
ble  portions  (the  so-called  "phases"  of  the  system) 
that  are  intermixed  but  undissolved  in  one  another. 

5  The  various  phases  of  the  suspension  may  be  of 
the  same  or  of  different  states  (i.e.,  gaseous,  liquid, 
or  solid),  although,  as  will  become  apparent,  the 
suspending  phase  (also  known  as  the  continuous 
or  external  phase  or  the  dispersion  medium)  must 

io  be  fluid  at  least  during  a  part  of  the  operation  of 
the  apparatus  of  the  invention. 

In  operation,  kit  10  is  dipped  into  a  sample  to 
be  assayed.  Perforations  23  allow  capillary  tube  14 
to  fill  itself  by  capillary  action  once  its  end  is 

is  immersed  in  sample  (for  the  proposed  tube  diam- 
eter,  it  will  be  advantageous  to  hold  the  fiber  at  a 
slant  for  filling). 

A  fixed  volume  of  sample  will  thus  be  drawn 
into  capillary  tube  14  whenever  it  is  dipped  in  the 

20  solution  and  allowed  to  fill  completely.  Actually,  a 
full  capillary  tube  is  not  really  required,  it  being 
sufficient  only  to  have  the  liquid  cover  the  entire 
active  region  30  of  fiber  12.  This  state  can  be 
verified  by  observing,  through  the  wall  of  capillary 

25  tube  14,  the  sample  to  cover  the  upper  inactivating 
coating  32  on  the  fiber.  Consequently,  it  is  not 
necessary  to  precisely  control  the  capillary's  length 
or  its  complete  filling. 

Once  fiber  12  is  immersed  in  the  sample,  flu- 
30  orescent  material  57  begins  to  disolve  into  the 

suspending  fluid  phase  of  the  sample,  and,  by 
diffusion,  tends  toward  a  uniform  concentration 
throughout  the  volume  of  the  suspending  phase 
contained  between  active  region  30  of  fiber  12  and 

35  the  adjacent  wall  of  capillary  tube  14.  At  the  same 
time,  tagged  complement  50  and  the  immunolog- 
ical  reacting  species  of  interest  within  the  sample 
are  diffusing  away  from  and  toward  the  fiber.  The 
rate  at  which  a  uniform  concentration  of  fluorescent 

40  material  57  within  the  suspending  phase  is  reached 
depends  upon  the  size  of  the  fluorescent  material, 
the  temperature,  and  the  viscosity  of  the  sample. 
For  typical  values  of  these  parameters,  a  uniform 
concentration  within  several  hundred  microns  of 

45  active  region  30  may  be  acheived  in  incubation 
times  on  the  order  of  15  minutes.  A  similar  period 
of  time  is  required  for  equilibration  between  the 
immunological  reactants  immobilized  to  fiber  12. 
(FIG.  3  corresponds  to  the  situation  before  equili- 

50  bration  has  been  achieved;  the  loading  of  fluores- 
cent  material  57  onto  fiber  12  is  preferably  such 
that  at  equilibration  with  the  median  sample  about 
half  the  fluorescent  material  is  in  solution). 

The  total  volume  of  the  sample  in  which  flu- 
55  orescent  material  57  is  uniformly  disolved  in  the 

suspending  phase  within  such  an  incubation  time 
(and  the  volume  of  the  suspending  phase  scav- 
enged  for  the  immunologically  reactive  species  of 
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interest)  substantially  corresponds  to  the  volume 
contained  between  fiber  12  and  capillary  tube  14 
over  the  length  of  active  region  30.  The  large 
length-to-diameter  ratio  of  the  active  region  insures 
that,  for  incubation  time  reasonably  in  excess  of 
the  minimum  required  incubation  time,  the  length 
of  the  sample  volume  throughout  which  fluorescent 
material  57  is  dispersed  remains  very  nearly  the 
length  of  active  region  30. 

In  the  case  of  interest,  this  total  sample  volume 
is  not  the  sample  volume  of  interest,  as  inclusions 
74  (FIG.  3)  void  of  the  immunologically  interesting 
species  are  suspended  in  sample  43.  The  desired 
data  base  volume  corresponds  to  the  volume  of  the 
suspending  fluid  phase  surrounding  inclusions  74 
of  (one  or  more)  suspended  phases.  In  the  case  of 
whole  blood,  inclusions  74  are  cells  (primarily 
erythrocytes  of  biconcave  disklike  form  approxi- 
mately  7.5  microns  in  diameter)  that  may  comprise 
50%  or  more  of  the  total  sample  volume,  while  the 
suspending  fluid  (in  this  case,  serum)  correspond- 
ingly  comrises  the  remaining  volume.  Fluorescent 
material  57,  chosen  to  be  non-reactive  and  non 
soluble  with  inclusions  74  (or,  in  the  case  of  cells, 
chosen  at  least  not  to  react  with  or  penetrate  the 
cell  membrane)  is  only  dispersed  with  the  sus- 
pending  fluid  phase.  As  a  pre-determined  quantity 
of  fluorescent  material  57  has  been  allowed  to 
disperse  uniformly  throughout  the  suspending  fluid 
phase  contained  within  the  volume  substantially 
defined  by  active  region  30  and  the  adjacent  inner 
wall  of  capillary  tube  14,  the  concentration  of  the 
fluorescent  material  is  a  measure  of  the  volume  of 
the  suspending  fluid  phase. 

It  will  thus  be  understood  that  the  concentration 
of  fluorescent  material  57,  and  therefore  (ignoring 
quenching)  the  available  fluorescence  per  unit  vol- 
ume  of  the  suspending  fluid  due  to  the  material, 
varies  inversely  as  the  total  volume  of  the  suspend- 
ing  phase  through  which  the  fluorescent  material 
has  been  dispersed,  having  a  minimum,  corre- 
sponding  to  no  inclusions  74  of  a  suspended 
phase,  established  by  the  geometry  of  fiber  12  and 
capillary  14  and  by  the  quantity  of  fluorescent 
material  preloaded  into  disposable  10,  and  a  maxi- 
mum,  established  by  these  parameters  and  by  the 
tightest  packing  that  may  be  achieved  for  the  par- 
ticular  inclusions  of  the  suspended  phase.  At  the 
concentrations  recommended,  self-quenching  of 
fluorescent  material  57  is  negligible.  Consequently, 
a  fluorescence  measurement  of  a  known  volume  of 
the  suspending  fluid  phase  will  provide  a  measure 
of  the  total  volume  of  the  suspending  phase  as- 
sayed. 

After  incubation,  kit  10  is  placed  in  fluorometer 
59,  stopper  16  cooperating  with  aperture  plate  65 
to  position  end  face  24  of  fiber  12  in  the  appro- 
priate  location  relative  to  the  fluorimeter's  optical 

train.  Radiation  of  a  wavelength  chosen  to  excite 
fluorescence  in  fluorophores  52  and  fluorescent 
material  57  is  supplied  by  light  source  60,  via 
beam  splitter  62  and  optics  64,  so  as  to  illuminate 

5  end  face  24  of  fiber  12  within  the  cone  angle 
defined  by  the  numerical  aperture  of  the  fiber.  This 
radiation  is  consequently  propagated  within  fiber  12 
at  or  above  the  critical  angle  (as  indicated  by  ray 
54  in  FIG.  3),  and  multiply  totally  internally  reflect- 

io  ing  along  the  length  of  the  fiber.  As  a  result,  an 
evanescent  wave  is  produced  in  sample  43  adja- 
cent  the  fiber. 

As  in  copending  applications  406,324  and 
410,340,  cited  herinbefore,  competitive  binding  of 

is  tagged  components  50  and  untagged  components 
54  to  moieties  46  attached  to  the  fiber  results  in 
fluorescently  tagged  complexes  46C  in  proportion 
to  the  relative  concentration  of  tagged  to  untagged 
components.  Excited  by  the  evanescent  wave,  the 

20  tagged  complexes  46C  immediately  adjacent  fiber 
12  fluoresce,  A  portion  of  the  fluorescent  emission 
tunnels  into  the  fiber,  propagating  within  the  fiber 
along  paths  exceeding  the  critical  angle,  as  in- 
dicated,  for  instance,  by  ray  56  in  FIG.  3.  Much  of 

25  this  totally  reflected  fluorescence  emission  exits  the 
fiber  at  end  face  24,  where  it  is  collected  by  optics 
64  and  projected  through  beam  splitter  62  and  filter 
66A  toward  detector  67A.  Filter  66A  allows  only 
radiation  corresponding  to  the  wavelength  band  of 

30  maximum  fluorescence  of  tagged  complexes  46C 
to  pass  to  detector  67A,  which  in  turn  provides  an 
electrical  signal  proportional  to  the  intensity  of  this 
fluorescence.  Beam  splitter  62  also  allows  some 
radiation  from  source  60  to  illuminate  reference 

35  detector  68,  which  provides  an  electrical  signal 
proportional  to  the  source  intensity.  These  two 
electrical  signals  are  ratioed  by  ratio  amplifier  70A 
to  provide  an  electrical  output  signal  proportional  to 
fluorescent  intensity  of  the  immobilized  tagged  ma- 

40  terial  corrected  for  source  intensity  variations, 
which  is  displayed  by  display  72. 

In  a  similar  manner,  the  evanescent  wave  ex- 
ites  fluorescence  of  that  protion  of  material  57 
immediately  adjacent  fiber  12.  That  portion  of  this 

45  fluorescence  which  tunnels  back  into  fiber  12  and 
exits  end  face  24  is  incident,  via  optics  64,  beam 
splitter  62,  and  filter  66B,  on  detector  67B.  Ratio 
amplifier  70B,  in  ratioing  the  signal  from  detector 
70B  and  reference  detector  68,  provides  a  signal 

50  proportional  to  the  fluorescence  due  to  that  portion 
of  fluorescent  material  57  adjacent  fiber  12  cor- 
rected  for  source  intensity  variations.  This  signal  is 
also  displayed  by  display  72. 

The  size  of  the  observed  fluorescent  zone, 
55  established  by  the  evanescent  wave  and  fluores- 

cence  tunnelling,  together  with  the  dimensions  of 
active  region  30  of  fiber  12,  establishes,  to  a  first 
approximation,  a  fixed  volume  of  the  suspending 
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fluid  phase,  the  thinness  of  the  layer  restricting  the 
percentage  of  this  volume  that  can  be  occupied  by 
an  inclusion  of  a  fixed  shape.  As  an  example, 
consider  a  concentration  of  about  50%  by  volume 
of  7.5  micron  spheres  distributed  in  contact  with 
the  surface  of  fiber  12.  For  such  a  situation,  each 
220  cubic  micron  sphere  is  surrounded  on  the 
average  by  some  440  cubic  microns  of  suspending 
fluid.  This  volume  ratio  is  easily  achieved  by  cubic, 
rather  than  hexagonal,  packing,  and  it  follows  that, 
at  the  fiber  surface  there  will  be  some  56  square 
microns  of  suspending  fluid  for  each  (infinitesimal) 
point  of  contact  with  a  spherical  inclusion.  Within, 
say,  1000  Angstroms  of  the  surface  of  the  fiber, 
each  spherical  inclusion  will  have  a  volume  of 
about  0.1  cubic  urn,  while  there  will  be  some  5.5 
cubic  urn  of  suspending  fluid  for  each  inclusion.  In 
such  a  case,  a  negligible  error  would  be  incurred  in 
the  estimation  of  the  total  volume  of  the  suspend- 
ing  fluid  assayed  through  failing  to  consider  the 
reduction  in  the  observed  fluorescence  due  to  sam- 
pling  the  non-fluorescent  inclusions  in  the  pre- 
sumed  fixed  volume  of  suspending  fluid.  Actually, 
observed  fluorescence  zones  having  half-thicknes- 
ses  on  the  order  of  a  few  hundred  Angstroms  may 
be  achieved.  Therefore,  in  principle,  greater  volume 
measuring  accuracy  may  be  achieved;  however,  in 
practice  the  accuracy  suggested  by  the  above  ex- 
ample  will  not  be  observed  because  of  the  plastic 
flow  likely  to  occur  with  the  inclusions  of  interest. 

To  correct  for  the  absorption  loss  in  the  effec- 
tive  fluorescent  excitation  zone,  the  absorption  of 
the  sample  adjacent  fiber  12  is  observed  by  attenu- 
ated  total  reflection.  That  portion  of  the  intensity  of 
the  evanescent  wave  that  is  absorbed  in  sample  43 
results  in  a  like  reduction  of  the  intensity  of  the 
totally  reflected  rediation  within  the  fiber.  The  radi- 
ation  propagating  within  the  fiber  from  end  face  24 
toward  end  face  26  is  reflected  by  mirror  coating 
28,  and  (less  reflection  and  absorption  losses)  re- 
turned  to  end  face  26.  Optics  64  images  this  radi- 
ation,  via  beam  splitter  62  and  filter  66C,  onto 
detector  67C.  Filter  66C  restricts  the  spectral  re- 
gion  observed  by  detector  67C  to  that  of  the  band 
pass  filter  of  light  source  60.  Detector  67C  thus 
observes  the  radiation  due  to  source  60  that  is  not 
lost  in  the  double-pass  through  fiber  12  or  else- 
where  in  the  system.  The  electrical  output  of  detec- 
tor  67C  is  ratioed  with  the  output  of  reference 
detector  68  by  ratio  amplifier  70C,  resulting  in  an 
output,  corrected  for  source  variations,  proportional 
to  transmittance  of  the  system.  This  signal  is  also 
displayed  by  display  72.  The  transmittance,  cali- 
brated  for  known  system  losses,  is  a  measure  of 
the  absorption  due  to  sample  43.  While  a  percent- 
age  of  these  losses  are  due  to  absorption  of  excit- 
ing  radiation  by  the  fluorescing  materials  in  the 
sample,  for  the  concentrations  of  interest,  such 

losses  are  small.  Thus,  highly  absorbing  inclusions 
74,  such  as  erythrocytes,  within  the  evanescent 
wave  may  be  readily  observed  and  quantitated  by 
attenuated  total  reflection. 

5  It  will  be  appreciated  that  the  present  invention 
is  not  limited  to  the  apparatus  so  far  described  nor 
to  the  experimental  protocols  outlined  hereinabove. 
Thus,  while  the  sample  within  tube  14  will  be 
retained  by  capillarity  as  soon  as  the  tube  is  with- 

io  drawn  from  the  sample,  evaporation  at  the  sam- 
ple's  free  surface  will  eventually  reduce  the  sample 
within  the  tube.  Accordingly,  it  may  be  advanta- 
geous  to  seal  the  tube  with  a  nonfluorescent  mastic 
as  soon  as  the  sample  is  collected.  Alternatively, 

is  the  sample  may  be  protected  from  rapid  evapora- 
tion  by  putting  a  terminal  constriction,  as  generally 
indicated  by  index  numeral  90  of  kit  110  (FIG.  2)  in 
capillary  tube  114.  Constriction  90  is  limited  to  the 
region  opposite  the  lower  inert  region  32  of  fiber 

20  12,  and  is  typically  given  a  minimum  inside  diam- 
eter  some  100  urn  greater  than  the  diameter  of  the 
fiber  (i.e.,  for  the  200  urn  fiber  of  the  preferred 
embodiment,  the  minimum  inside  diameter  of  con- 
striction  60  is  some  300  urn).  In  all  other  respects, 

25  kit  110  may  be  similar  to  kit  10. 
It  will  also  be  recognized  that  a  portion  of  the 

reagents,  and  in  particular,  fluorescent  material  57 
could  be  in  the  form  of  a  powder  packed  inside  the 
capillary  (for  such  an  embodiment,  the  structure  of 

30  capillary  tube  114  recommends  itself).  However, 
fluorescent  material  57  might  also  be  coated  on  the 
the  fiber  or  the  inside  wall  of  capillary  tube  14  as  a 
reagent  coating  130  (illustrated  in  FIG.  2). 

It  will  also  be  appreciated  that  other  reagents, 
35  such  as  buffers,  anticoagulants,  and  the  like,  might 

be  packed  within  capillary  tube  14  or  coated  on  the 
fiber  or  capillary  tube. 

It  might  be  noted  further  that  the  fiber  diameter 
must  not  only  be  constant  along  its  length,  but 

40  must  also  be  constant  from  disposable  to  dispos- 
able.  Otherwise,  while  the  overall  amount  of  sample 
would  be  constant  from  test  to  test,  the  amount  of 
reagent  would  vary.  This  accuracy  requirement 
could  be  avoided  by  coating  the  tagged  antigen  on 

45  the  inside  wall  of  the  capillary  as  reagent  coating 
130  (FIG.  2).  This  would  not  only  reduce  the  diam- 
eter  constancy  requirement  on  the  fiber  but  also  on 
the  capillary,  since  a  diameter  increase  of  the  latter 
would  increase  not  only  the  reagent  amount  but 

50  also  that  of  the  sample,  while  for  the  fiber,  a 
resulting  increase  in  the  number  of  binding  sites 
would  be  compensated  by  the  reduction  in  the 
number  of  reflections  (provided  the  illumination 
throughput  was  matched  to  the  minimal  fiber  diam- 

55  eter). 
It  will  also  be  understood  that  fiber  12  and  tube 

14  might  be  of  other  than  right  circular  cylindrical 
shape,  and  that,  for  instance,  they  might  be  a  pair 

11 
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of  parallel  plates  with  a  capillary  spacing  there- 
between. 

Then  again,  it  should  be  understood  that  the 
apparatus  and  methods  of  the  present  invention  are 
not  limited  to  immunoassay,  but  might  be  used  for 
other  assays  in  which  a  correction  for  the  relative 
volumes  of  the  phases  of  a  suspension  is  neces- 
sary,  or  wherein  additionally  a  measure  of  such  a 
volume  is  desired.  In  fact,  as  previously  noted,  the 
methods  and  apparatus  of  the  present  invention  are 
also  intended  for  use  with  but  a  single  reagent 
(soluble  fluorescent  material  57)  merely  to  quan- 
titate  the  relative  volumes  of  the  phases  of  a  sus- 
pension.  Thus,  if  the  suspension  is  whole  blood,  a 
fluorescent  material  soluble  in  serum  may  be  used 
to  quantitate  the  cellular  volume  or  hematocrit.  For 
such  applications,  active  region  30  of  fiber  12 
would  not  ordinarily  be  provided  with  immobilized 
moieties  46  of  antigen  or  antibody,  nor  would  kit  10 
include  tagged  complement  50.  It  will  also  be  un- 
derstood  that  for  merely  quantitating  the  relative 
volumes  of  the  phases  of  a  suspension,  a  simpli- 
fied  fluorometer  59,  not  provided  with  a  channel 
(filter  66A,  detector  67A,  and  ratio  amplifier  70A) 
corresponding  to  the  region  of  peak  fluorescence 
of  the  tag  of  tagged  complement  50,  might  be 
used. 

Claims 

1.  Apparatus  for  assaying  a  sample  suspension 
that  can  form  a  complex  incorporating  a  flu- 
orescent  tag  capable  of  emitting  fluorescent 
radiation  over  a  first  frequency  band  in  re- 
sponse  to  a  first  predetermined  band  of  excit- 
ing  radiation,  said  apparatus  including  a  totally 
internally  reflecting,  elongate,  optical  element 
(12)  transmissive  to  excitation  radiation  which 
when  propagated  through  said  element  (12) 
will  provide  an  evanescent  wave  at  a  surface  of 
such  element  for  exciting  fluorescence  in  flu- 
orescent  material  disposed  in  an  evanescent 
zone  immediately  adjacent  said  surface,  said 
element  being  transmissive  to  said  fluores- 
cence,  and  a  hollow,  elongate  enclosure  (14) 
spaced  from  and  surrounding  said  surface, 
characterized  in  that: 

a  pre-established  quantity  of  a  fluorescent 
material  (57)  is  disposed  in  the  interspace  be- 
tween  said  element  (12)  and  said  enclosure 
(14),  said  fluorescent  material  being  soluble  in 
a  unique  fluid  phase  of  said  sample  suspen- 
sion  and  being  capable,  when  so  dissolved,  of 
emitting  fluorescent  radiation  over  a  second 
frequency  band  when  excited  by  a  second 
band  of  exciting  radiation. 

2.  Apparatus  according  to  claim  1,  characterized 

in  that  said  element  is  an  optical  fiber  (12),  and 
said  enclosure  is  a  tube  (14)  dimensioned  to  at 
least  in  part  enclose  said  fiber  in  spaced-apart 
relationship  of  capillary  dimensions. 

5 
3.  Apparatus  according  to  claim  2,  characterized 

in  that  said  fluorescent  material  is  a  soluble 
reagent  coated  onto  at  least  a  portion  of  the 
interior  wall  of  said  tube  (14). 

10 
4.  Apparatus  according  to  claim  2,  characterized 

in  that  said  fluorescent  material  is  a  soluble 
reagent  coated  onto  at  least  a  portion  of  the 
surface  of  said  fiber  (12). 

15 
5.  Apparatus  according  to  any  preceding  claim, 

further  including  means  (59)  for  measuring  the 
relative  intensities  of  said  first  and  second 
bands  of  said  fluorescent  radiation. 

20 
6.  A  method  for  quantitating  the  relative  volumes 

of  the  constituent  phases  of  a  fluid  suspension, 
said  method  employing  an  optical  element 
transmissive  to  excitation  radiation  which  can 

25  excite  fluorescence  of  a  fluorescent  material 
soluble  in  a  unique  fluid  phase  of  said  sample 
suspension,  said  optical  element  also  being 
transmissive  to  fluorescence  of  said  fluores- 
cent  material,  said  method  comprising  the 

30  steps  of: 
immersing  a  known  area  of  said  optical 

element  in  a  fluid  sample  to  be  assayed; 
controlling  the  immersion  of  said  optical 

element  so  as  to  insure  said  known  area  is 
35  completely  covered  with  a  thin  layer  of  said 

fluid  sample  of  known  thickness; 
introducing  a  pre-established  quantity  of 

said  fluorescent  material  into  the  volume  of 
said  fluid  sample  established  by  said  known 

40  area  and  said  known  thickness; 
incubating  said  optical  element  in  said  vol- 

ume  of  fluid  sample  for  a  time  in  excess  of  the 
time  required  for  diffusional  processes  to  dis- 
tribute  said  fluorescent  material  within  said  vol- 

45  ume; 
illuminating  said  optical  element  with  radi- 

ation  so  as  to  excite  fluorescence,  by  an  eva- 
nescent  wave,  of  said  fluorescent  material  dis- 
solved  in  said  unique  fluid  phase;  and 

50  measuring  the  intensity  of  said  fluores- 
cence. 

7.  A  method  as  claimed  in  claim  6,  further  includ- 
ing  the  steps  of: 

55  illuminating  said  optical  element  with  radi- 
ation  to  which  individual  phases  of  said  fluid 
suspension  present  substantially  different  in- 
dividual  transmissivities  so  as  to  form  an  eva- 

12 
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nescent  wave  of  said  radiation  in  said  volume; 
and 

measuring,  through  attentuated  total  reflec- 
tion,  the  absorption  of  said  radiation  by  said 
sample  suspension. 

8.  A  method  as  claimed  in  claim  7,  characterized 
in  that  said  absorption  is  of  a  frequency  band 
corresponding  to  frequencies  at  which  one  of 
said  individual  phases  of  said  fluid  suspension 
is  substantially  transparent  and  includes  fre- 
quencies  at  which  the  remaining  phases  of 
said  fluid  suspension  are  absorbing. 

9.  A  method  for  immunoassay  employing  an  op- 
tical  element  transmissive  to  excitation  radi- 
ation  which  can  excite  fluorescence  of  a  flu- 
orescent  tag  included  as  a  constituent  of  an 
antigen-antibody  complex  to  be  assayed  in  a 
sample  suspension,  said  element  being  also 
transmissive  to  excitation  radiation  which  can 
excite  fluorescence  of  a  second  fluorescent 
material  soluble  in  a  unique  fluid  phase  of  said 
sample  suspension,  said  element  being  also 
transmissive  to  fluorescence  of  said  tag  and  of 
said  second  fluorescent  material,  said  element 
having  selected  moieties  of  said  antibody-anti- 
gen  complex  attached  to  a  known  area  of  its 
surface,  said  method  comprising  the  steps  of: 

immersing  said  optical  element  in  a  sam- 
ple  suspension  to  be  assayed  so  as  to  form 
said  complex; 

controlling  the  immersion  of  said  optical 
element  so  as  to  insure  said  known  area  is 
completely  covered  with  a  thin  layer  of  said 
sample  of  known  thickness; 

introducing  a  pre-established  quantity  of 
said  second  fluorescent  material  into  the  vol- 
ume  of  said  sample  suspension  established  by 
said  known  area  and  said  known  thickness; 

incubating  said  submerged  optical  element 
for  a  time  in  excess  of  the  time  required  for 
diffusional  processes  to  scavenge  said  volume; 

illuminating  said  optical  element  with  said 
excitation  radiation  so  as  to  excite  fluores- 
cence,  by  an  evanescent  wave,  of  said  tag  in 
said  complex  attached  to  said  element  and 
said  second  fluorescent  material  dissolved  in 
said  unique  fluid  phase;  and 

measuring  the  relative  intensities  of  said 
fluorescence. 

10.  A  method  of  immunoassay  as  claimed  in  claim 
9,  further  including  the  steps  of: 

illuminating  said  optical  element  with  radi- 
ation  of  a  frequency  band  in  which  individual 
phases  of  said  fluid  suspension  present  appre- 
ciable  absorption  so  as  to  form  an  evanescent 

wave  of  said  radiation  within  said  volume;  and 
measuring,  by  attentuated  total  reflection, 

the  absorption  of  said  radiation  by  said  sample 
suspension. 

5 
11.  A  method  as  claimed  in  claim  9,  characterized 

in  that  said  frequency  band  corresponds  to 
frequencies  at  which  one  of  said  individual 
phases  of  said  fluid  suspension  is  substantially 

io  transparent  and  includes  frequencies  at  which 
the  remaining  phases  of  said  fluid  suspension 
are  absorbing. 

Patentanspruche 
15 

1.  Testvorrichtung  fur  ein  Assay  einer  Suspension 
einer  Probe,  die  einen  Komplex  unter  Ein- 
schlu/S  eines  Fluoreszenz-Markers  bilden  kann, 
der  in  der  Lage  ist,  Fluoreszenzstrahlung  inner- 

20  halb  eines  ersten  Frequenzbandes  zu  emittie- 
ren  als  Reaktion  auf  eine  Anregungsstrahlung 
mit  einem  ersten  vorgegebenen  Frequenz- 
band,  wobei  die  Testvorrichtung  ein  langliches 
optisches  Element  (12)  mit  einer  total  reflektie- 

25  renden  Innenflache  beinhaltet,  das  durchlassig 
fur  Anregungsstrahlung  ist,  die  bei  ihrer  Aus- 
breitung  durch  dieses  optische  Element  (12) 
eine  Welle  an  einer  Oberflache  dieses  opti- 
schen  Elementes  hervorruft,  urn  Fluoreszenz  in 

30  fluoreszierendem  Material  anzuregen,  das  in 
einer 

Zone  angebracht  ist,  die  unmittelbar  zu 
dieser  Oberflache  des  optischen  Elementes 
benachbart  ist,  und  wobei  dieses  optische  Ele- 

35  ment  durchlassig  fur  diese  Fluoreszenz  ist, 
sowie  mit  einer  hohlen,  langlichen  Hulle  (14), 
die  sich  im  Abstand  von  dieser  Oberflache 
befindet  und  diese  umschlie/St, 
dadurch  gekennzeichnet,  daS  eine  vorbe- 

40  stimmbare  Menge  eines  Fluoreszenzmaterials 
(57)  im  Zwischenraum  zwischen  diesem  opti- 
schen  Element  (12)  und  dieser  Hulle  (14)  vor- 
gesehen  ist,  das  in  nur  einer  flussigen  Phase 
dieser  Probenlosung  losbar  ist  und  das  in  der 

45  Lage  ist,  wenn  es  derart  gelost  ist,  Fluores- 
zenzstrahlung  innerhalb  eines  zweiten  Fre- 
quenzbandes  zu  emittieren,  wenn  es  von  Anre- 
gungsstrahlung  innerhalb  eines  zweiten  Fre- 
quenzbandes  angeregt  wird. 

50 
2.  Testvorrichtung  nach  Anspruch  1,  dadurch  ge- 

kennzeichnet,  daS  das  optische  Element  ein 
Glasfaserelement  (12)  ist,  und  da/S  die  Hulle 
eine  Rohre  (14)  ist,  die  so  dimensioniert  ist, 

55  da/S  sie  zumindest  teilweise  die  Glasfaser  mit 
einem  Abstand  von  kapillarer  Dimension  urn- 
schlie/St. 

13 
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Testvorrichtung  nach  Anspruch  2,  dadurch  ge- 
kennzeichnet,  da/S  das  Fluoreszenzmaterial  ein 
losbares  Reagens  ist,  mit  dem  zumindest  ein 
Teil  der  Innenwandung  der  Rohre  (14)  be- 
schichtet  ist.  5 

Messung  der  Intensitat  dieser  Fluoreszenz- 
strahlung. 

7.  Verfahren  nach  Anspruch  6,  mit  folgenden  wei- 
teren  Verfahrensschritten: 

Testvorrichtung  nach  Anspruch  2,  dadurch  ge- 
kennzeichnet,  da/S  das  Fluoreszenzmaterial  ein 
losbares  Reagens  ist,  mit  dem  zumindest  ein 
Teil  der  Oberflache  der  Glasfaser  (12)  be-  10 
schichtet  ist. 

Vorrichtung  nach  einem  der  vorhergehenden 
Anspruche,  mit  weiteren  Einrichtungen  (59)  zur 
Messung  der  relativen  Intensitaten  des  ersten  is 
und  des  zweiten  Frequenzbandes  der  beiden 
Fluoreszenzstrahlungen. 

Verfahren  zur  quantitativen  Bestimmung  der 
relativen  Volumenanteile  der  die  Bestandteile  20 
einer  flussigen  Suspension  bildenden  Phasen, 
unter  Verwendung  eines  optischen  Elementes, 
das  durchlassig  fur  Anregungsstrahlung  ist,  die 
Fluoreszenz  innerhalb  eines  Fluoreszenzmate- 
rials  anregen  kann,  das  in  nur  einer  flussigen  25 
Phase  dieser  Probenlosung  losbar  ist,  wobei 
dieses  optische  Element  auch  durchlassig  fur 
Fluoreszenzstrahlung  dieses  Fluoreszenzmate- 
rials  ist,  mit  folgenden  Verfahrensschritten: 

30 
Eintauchen  einer  bekannten  Flache  des  opti- 
schen  Elementes  in  die  zu  testende  Probenlo- 
sung; 

Steuern  dieses  Eintauchvorganges  des  opti-  35 
schen  Elementes  derart,  da/S  sichergestellt  ist, 
daS  diese  bekannte  Flache  vollstandig  mit  ei- 
ner  dunnen  Schicht  bekannter  Dicke  der  Pro- 
benlosung  bedeckt  ist; 

40 
Einbringung  einer  vorgegebenen  Menge  des 
Fluoreszenzmaterials  in  dasjenige  Volumen  der 
Probenlosung,  das  durch  diese  bekannte  Fla- 
che  und  deren  bekannte  Dicke  gebildet  ist; 

45 
Inkubation  dieses  Volumens  der  Probenlosung 
im  optischen  Element  uber  einen  Zeitraum,  der 
uber  derjenigen  Zeitspanne  liegt,  die  erforder- 
lich  ist,  urn  Diffusionsprozesse  ablaufen  zu  las- 
sen,  die  das  Fluoreszenzmaterial  innerhalb  die-  so 
ses  Volumens  verteilen; 

Aussetzung  des  optischen  Elementes  einer 
Strahlung  in  Form  einer  Oberflachenwelle,  urn 
die  Fluoreszenz  dieses  Fluoreszenzmaterials  55 
anzuregen,  das  in  dieser  einen  Flussigkeits- 
phase  gelost  ist,  und 

Aussetzen  des  optischen  Elementes  einer 
Strahlung  gegenuber  der  einzelne  Phasen  der 
Probenlosung  in  erheblichem  Mali  unter- 
schiedliche  individuelle  Durchlassigkeiten  auf- 
weisen,  urn  eine  Oberflachenwelle  dieser 
Strahlung  in  diesem  Volumen  zu  erzeugen, 
und 

Messung  der  Absorption  dieser  Strahlung 
durch  die  Probenlosung  mit  Hilfe  abge- 
schwachter  Totalreflektion. 

8.  Verfahren  nach  Anspruch  7,  dadurch  gekenn- 
zeichnet,  da/S  diese  Absorption  innerhalb  eines 
Frequenzbandes  liegt,  das  denjenigen  Fre- 
quenzen  entspricht,  bei  denen  eine  der  indivi- 
duellen  Phase  der  Probenlosung  im  wesentli- 
chen  durchlassig  ist  und  solche  Frequenzen 
umschlie/St,  bei  denen  die  ubrigen  Phasen  der 
Probenlosung  absorbieren. 

9.  Verfahren  zur  Durchfuhrung  eines  Immunoas- 
says  unter  Verwendung  eines  optischen  Ele- 
mentes,  das  durchlassig  fur  Anregungsstrah- 
lung  ist,  mit  deren  Hilfe  Fluoreszenz  eines 
Fluoreszenz-Markers  hervorgerufen  werden 
kann,  der  ein  Bestandteil  eines  Antigen- 
Antikorper-Komplexes  ist,  der  innerhalb  einer 
Probenlosung  bestimmt  werden  soil,  wobei 
dieses  optische  Element  ebenso  durchlassig 
fur  Anregungsstrahlung  ist,  die  Fluoreszenz  ei- 
nes  zweiten  Fluoreszenzmaterials  anregen 
kann,  das  in  einer  der  flussigen  Phasen  der 
Probenlosung  gelost  ist,  und  wobei  dieses  op- 
tische  Element  auch  durchlassig  fur  Fluores- 
zenz  dieses  Markers  und  des  zweiten  Fluores- 
zenzmaterials  ist,  und  wobei  dieses  optische 
Element  ausgewahlte  Bestandteile  dieses 
Antikorper-Antigen-Komplexes  innerhalb  einer 
bekannten  Flache  seiner  Oberflache  ange- 
bracht  hat,  mit  folgenden  Verfahrensschritten: 

Eintauchen  des  optischen  Elementes  in  die  zu 
testende  Probenlosung,  urn  diesen  Komplex 
zu  bilden; 

Steuerung  des  Eintauchvorgangs  des  opti- 
schen  Elementes  derart,  urn  sicherzustellen, 
da/S  diese  bekannte  Flache  vollstandig  mit  ei- 
ner  dunnen  Schicht  bekannter  Dicke  der  Probe 
beschichtet  ist; 

14 
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Einfuhrung  einer  vorbestimmten  Menge  des 
zweiten  Fluoreszenzmaterials  in  dasjenige  Vo- 
lumen  der  Probenlosung,  das  durch  diese  be- 
kannte  Flache  einerseits  und  deren  Dicke  an- 
dererseits  bestimmt  ist; 

Inkubation  des  eingetauchten  optischen  Ele- 
mentes  uber  eine  Zeitspanne  oberhalb  derjeni- 
gen  Zeit,  die  erforderlich  fur  Diffusionsprozes- 
se  ist,  urn  dieses  Volumen  abzudecken; 

Aussetzen  dieses  optischen  Elementes  der  An- 
regungsstrahlung,  urn  dadurch  mit  Hilfe  einer 
Oberflachenwelle  Fluoreszenz  des  Markers  in 
dem  Komplex  anzuregen,  der  an  dem  opti- 
schen  Element  angebracht  ist  sowie  des  zwei- 
ten  Fluoreszenzmaterials,  das  in  dieser  einen 
Flussigkeitsphase  gelost  ist,  und 

Messung  der  relativen  Intensitaten  dieser  Fluo- 
reszenz. 

10.  Verfahren  zur  Durchfuhrung  eines  Immunoas- 
says  nach  Anspruch  9,  mit  folgenden  weiteren 
Verfahrensschritten: 

Aussetzen  des  optischen  Elementes  einer 
Strahlung  mit  einem  ersten  Frequenzband, 
uber  das  einzelne  Phasen  der  Probenlosung 
wesentliche  Absorptionen  aufweisen,  zur  Bil- 
dung  einer  Oberflachenwelle  dieser  Strahlung 
innerhalb  dieses  Volumens,  und 

Messung  der  Absorption  dieser  Strahlung 
durch  die  Probenlosung  mit  Hilfe  abge- 
schwachter  Totalreflektion. 

11.  Verfahren  nach  Anspruch  9,  dadurch  gekenn- 
zeichnet,  da/S  das  Frequenzband  solchen  Fre- 
quenzen  entspricht,  bei  denen  eine  der  indivi- 
duellen  Phasen  der  Flussigkeitssuspension  im 
wesentlichen  durchlassig  ist,  und  solche  Fre- 
quenzen  beinhaltet,  bei  denen  die  ubrigen 
Phasen  der  Probenlosung  absorbieren. 

Revendicatlons 

1.  Dispositif  pour  I'analyse  d'une  suspension 
d'echantillon  pouvant  former  un  complexe 
comportant  un  marqueur  fluorescent  pouvant 
emettre  un  rayonnement  fluorescent  sur  une 
premiere  bande  de  frequences  en  reponse  a 
une  premiere  bande  predetermined  d'un 
rayonnement  d'excitation,  ledit  dispositif  com- 
prenant  un  element  optique  allonge  (12)  a  re- 
flection  interne  totale  pouvant  transmettre  le 
rayonnement  d'excitation  qui,  lors  de  sa  propa- 
gation  a  travers  ledit  element  (12),  fournira  une 

onde  evanescente  sur  une  surface  d'un  tel 
element  pour  exciter  la  fluorescence  du  mate- 
riau  fluorescent  place  dans  une  zone  evanes- 
cente  immediatement  adjacente  a  ladite  surfa- 

5  ce,  ledit  element  pouvant  transmettre  ladite 
fluorescence  et  une  enceinte  allongee  et  creu- 
se  (14)  espacee  de  et  entourant  ladite  surface, 
dispositif  caracterise  en  ce  qu'une  quantite 
preetablie  d'un  materiau  fluorescent  (57)  est 

io  placee  dans  I'espace  separant  ledit  element 
(12)  et  ladite  enceinte  (14),  ledit  materiau  fluo- 
rescent  etant  soluble  dans  une  phase  unique 
de  fluide  de  ladite  suspension  d'echantillon  et 
pouvant,  lorsqu'il  est  ainsi  dissous,  emettre  un 

is  rayonnement  fluorescent  sur  une  seconde  ban- 
de  de  frequences  lorsqu'il  est  excite  par  une 
seconde  bande  du  rayonnement  d'excitation. 

2.  Dispositif  selon  la  revendication  1,  caracterise 
20  en  ce  que  ledit  element  est  une  fibre  optique 

(12)  et  ladite  enceinte  est  un  tube  (14)  dimen- 
sionne  pour  contenir,  au  moins  partiellement, 
ladite  fibre  de  fagon  espacee  par  rapport  aux 
dimensions  du  capillaire. 

25 
3.  Dispositif  selon  la  revendication  2,  caracterise 

en  ce  que  ledit  materiau  fluorescent  est  un 
reactif  soluble  depose  sur  au  moins  une  partie 
de  la  paroi  interne  dudit  tube  (14). 

30 
4.  Dispositif  selon  la  revendication  2,  caracterise 

en  ce  que  ledit  materiau  fluorescent  est  un 
reactif  soluble  depose  sur  au  moins  une  partie 
de  la  surface  de  ladite  fibre  (12). 

35 
5.  Dispositif  selon  I'une  quelconque  des  revendi- 

cations  precedentes,  comprenant  de  plus  un 
moyen  (59)  pour  la  mesure  des  intensites  rela- 
tives  desdites  premiere  et  seconde  bandes 

40  dudit  rayonnement  fluorescent. 

6.  Procede  de  quantification  des  volumes  relatifs 
des  phases  constitutives  d'une  suspension  flui- 
de,  ledit  procede  utilisant  un  element  optique 

45  pouvant  transmettre  le  rayonnement  d'excita- 
tion  pouvant  exciter  la  fluorescence  d'un  mate- 
riau  fluorescent  soluble  dans  une  phase  unique 
de  fluide  de  ladite  suspension  d'echantillon, 
ledit  element  optique  pouvant  transmettre,  de 

50  meme,  la  fluorescence  dudit  materiau  fluores- 
cent,  ledit  procede  comprenant  les  etapes  sui- 
vantes  : 

-  I'immersion  d'une  section  connue  dudit 
element  optique  dans  un  echantillon  de 

55  fluide  a  analyser; 
-  la  commande  de  I'immersion  dudit  ele- 

ment  optique  de  fagon  a  s'assurer  que  la 
section  connue  est  completement  recou- 

15 
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verte  d'une  fine  couche  dudit  echantillon 
de  fluide  d'epaisseur  connue; 

-  I'introduction  d'une  quantite  preetablie 
dudit  materiau  fluorescent  dans  le  volu- 
me  dudit  echantillon  de  fluide  etablie  par  5 
ladite  section  connue  et  ladite  epaisseur 
connue; 

-  I'incubation  dudit  element  optique  dans 
ledit  volume  de  I'echantillon  de  fluide 
pendant  un  temps  excedant  le  temps  10 
necessaire  pour  les  processi  de  diffusion 
afin  de  repartir  ledit  materiau  fluorescent 
a  I'interieur  dudit  volume; 

-  I'illumination  dudit  element  optique  avec 
un  rayonnement  de  fagon  a  exciter  la  is 
fluorescence,  par  une  onde  evanescente, 
dudit  materiau  fluorescent  dissous  dans 
ladite  phase  unique  de  fluide  et 

-  la  mesure  de  I'intensite  de  ladite  fluores- 
cence.  20 

Procede  selon  la  revendication  6,  comprenant, 
de  plus,  les  etapes  suivantes  : 

-  I'illumination  dudit  element  optique  avec 
un  rayonnement  selon  lequel  des  phases  25 
individuelles  de  ladite  suspension  de  flui- 
de  presentent  des  transmissivites  indivi- 
duelles  globalement  differentes  de  fagon 
a  former  une  onde  evanescente  dudit 
rayonnement  dans  ledit  volume  et  30 

-  la  mesure,  par  reflection  totale  attenuee, 
de  I'absorption  dudit  rayonnement  par 
ladite  suspension  d'echantillon. 

Procede  selon  la  revendication  7,  caracterise  35 
en  ce  que  ladite  absorption  presente  une  ban- 
de  de  frequences  correspondant  aux  frequen- 
ces  auxquelles  une  desdites  phases  individuel- 
les  de  ladite  suspension  de  fluide  est  pratique- 
ment  transparente  et  comprend  des  frequen-  40 
ces  auxquelles  les  phases  restantes  de  ladite 
suspension  de  fluide  sont  absorbantes. 

Procede  pour  un  test  immunologique  utilisant 
un  element  optique  pouvant  transmettre  un  45 
rayonnement  d'excitation  pouvant  exciter  la 
fluorescence  d'un  marqueur  fluorescent  com- 
pris  en  tant  que  partie  constitutive  d'un  com- 
plexe  antigene-anticorps  a  analyser  dans  une 
suspension  d'echantillon,  ledit  element  pouvant  50 
aussi  transmettre  un  rayonnement  d'excitation 
pouvant  exciter  la  fluorescence  d'un  second 
materiau  fluorescent  soluble  dans  une  phase 
unique  de  fluide  de  ladite  suspension  d'echan- 
tillon,  ledit  element  pouvant  aussi  transmettre  55 
la  fluorescence  dudit  marqueur  et  dudit  second 
materiau  fluorescent,  ledit  element  possedant 
des  fractions  choisies  dudit  complexe 

anticorps-antigene  fixe  sur  une  section  connue 
de  sa  surface,  ledit  procede  comprenant  les 
etapes  suivantes  : 

-  I'immersion  dudit  element  optique  dans 
une  suspension  d'echantillon  a  analyser 
de  fagon  a  former  ledit  complexe; 

-  la  commande  de  I'immersion  dudit  ele- 
ment  optique  de  fagon  a  s'assurer  que 
ladite  section  connue  est  completement 
recouverte  d'une  fine  couche  dudit 
echantillon  de  I'epaisseur  connue; 

-  I'introduction  d'une  quantite  preetablie 
dudit  second  materiau  fluorescent  dans 
le  volume  de  ladite  suspension  d'echan- 
tillon  etabli  par  ladite  section  connue  et 
par  ladite  epaisseur  connue; 

-  I'incubation  dudit  element  optique  im- 
merge  pendant  un  temps  excedant  le 
temps  necessaire  pour  les  processi  de 
diffusion  pour  eliminer  ledit  volume; 

-  I'illumination  dudit  element  optique  avec 
ledit  rayonnement  d'excitation  de  fagon  a 
exciter  la  fluorescence,  a  I'aide  d'une 
onde  evanescente,  dudit  marqueur  dans 
ledit  complexe  fixe  audit  element  et  dudit 
second  materiau  fluorescent  dans  ladite 
phase  unique  de  fluide  et 

-  la  mesure  des  intensites  relatives  de  la- 
dite  fluorescence. 

10.  Procede  pour  un  test  d'immunologie  selon  la 
revendication  9,  comprenant  les  etapes  sup- 
plementaires  suivantes  : 

-  I'illumination  dudit  element  optique  avec 
un  rayonnement  d'une  bande  de  fre- 
quences  dans  laquelle  des  phases  indivi- 
duelles  de  ladite  suspension  de  fluide 
presentent  une  absorption  notable  de  fa- 
gon  a  former  une  onde  evanescente  du- 
dit  rayonnement  a  I'interieur  dudit  volu- 
me  et 

-  la  mesure,  par  reflection  totale  attenue, 
de  I'absorption  dudit  rayonnement  par 
ladite  suspension  d'echantillon. 

11.  Procede  selon  la  revendication  9,  caracterise 
en  ce  que  ladite  bande  de  frequences  corres- 
pondant  aux  frequences  auxquelles  une  desdi- 
tes  phases  individuelles  de  ladite  suspension 
de  fluide  est  pratiquement  transparente  et 
comprend  des  frequences  auxquelles  les  pha- 
ses  restantes  de  ladite  suspension  de  fluide 
sont  absorbantes. 

16 
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