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BIOLUMINESCENCE MONITOR AND METHOD 
'FOR ENZYMATIC DETERMINATIONS 

Background o f  t h e  I n v e n t i o n  

T h i s  i n v e n t i o n  re1  a tes  t o  q u a n t i t a t i v e  ana l ys i s  o f  chromatographic 

5 e f f l  uents  c o n t a i n i n g  b iomarkers symptomatic o f  disease s t a t e s  and 

t i s s u e  i n j u r y  i n  humans. The i n v e n t i o n  i s  a r e s u l t  o f  a c o n t r a c t  w i t h  

t h e  Un i ted  S ta tes  ~ e ~ a r t m e n t  o f  Energy. 

Biomarkers o f  i n t e r e s t  a re  p r o t e i n s  o r  isoenzymes (enzymes which 

c a t a l y z e  t he  same r e a c t i o n )  found i .n complex b i o l o g i c a l  ma t r i ces  such 

10 as t i s s u e ,  serum, u r i n e ,  and o the r  body f l u i d s .  These biomarkers pro- 

v i d e  a non-evasive means o f  c l  i n i c a l  d iagnos is .  Accurate biomarker 

p r o f i l  i n g  o f  i n t e g r a t e d  c l  i n i c a l  samples, however, has been d i f f i c u l  t 

because o f  mon i to r  response t o ,  i n t e r f e r r i n g  species caus ing erroneous 

ana l ys i s .  I n t e r f e r e n t s  i n  human t j i o l  o g i c a l  samples can be endogeneous . 

15  c o n s t i t u e n t s ,  drugs, p r o t e i n s ,  o r  metabol i t e s ,  which respond a t  about 

t h e  same wavelength as t h e  biomarker o f  i n t e r e s t .  Convent ional  compen- - 
' 

s a t o r y  methods have done l i t t l e  t o  improve accuracy and s e n s i t i v i t y .  

Thus,. d i r e c t  a n a l y s i s  o f  p a t i e n t - d e r i  ved samples has been 1 im i t ed .  . 
& 

One successful  approach f o r  proper analyses o f  b i o l o g i c a l  sampl es 

20 i s  descr ibed i n  coassigned a p p l i c a t i o n  S.N. 062,375(79), f i l e d  J u l y  

31., 1979 e n t i t l e d  "Method f o r  Cont inuous ly  Referenced Ana l ys i s  o f  

Reac t i ve  Components i n  So lu t ion , "  N o t i c e  o f  Allowance dated August 19, 

1980. A re ferenced,  se l  f - b l  ank i  ng system i s  d i sc l osed  t h e r e i n  f o r  



. biomarker p r o f i  1 i n g  o f  c r e a t i n e  k i  nase (CK,EC 2.7.3.2) and l a c t a t e  

dehydrogenase (LD,EC 1.1.1.27). Compensation f o r  i n t e r f e r e n t s  i s  pro- 

v ided by a dual-channel f l ow  system der ived from a coinmon source. 

Subt rac t ion  o f  -a reference stream from a sample s t ream. there in  genera- 

5 t e s  an ind ica tor -spec ies  response c o r r e l a t a b l e  t o  the  p r o f i l e d  

biomarker. 

Whi 1 e sel f - re fe renc ing  ana lys i s  produces re1 i a b l  e d iagnost ic  

assays, nonreferenced systems remain unre l  i a b l  e and o f  1 i m i  t ed  

u t i  1 i t y  . Recently,  t he  phenomena' o f  ozone or  peroxide- i  nduced chemical 

10 luminescence have been described as a h i g h l y  s e l e c t i v e  and extremely 

s e n s i t i v e  technique f o r  a n a l y t i c a l  purposes. 

B i r k s ,  T. W., e t  a1 , i n  "Chemical Luminescent Aerosol Spray 

Detector f o r  L i q u i d  Chrornatography," Anal . Chem., - 52, pp. 897-901 

( 1980) has quant i ta ted  h i g h l y  f l  uorescent compounds' by nebul i zing a 

15 s9mple chromatographic e f f l u e n t  w i t h  a h i g h  v e l o c i t y  stream o f  02 and 

O3 gases. Detect ion o f  the resu l  t a n t  ozone induced chemil uminescence 

has provided an accurate mass d e t e c t i o n  i'n the  microgram t o  picogram 

range. The hazards o f  w r k i n g  w i t h  flammable concentrat ions o f  , 

02/03 gases and organic compounds are  a1 so discussed along w i t h  poten- 

20 t i a l  t o x i c  wastes. 

Ano,ther recent  a r t i c l e  has appl i ed  chemil uminescence t o  determine 

a r t i f i c i a l  'samples o f  four  dansylated amino acids. Kbbayashi, S., e t  

a1 , i n  "Determinat ion o f  F l  uorescent Compounds by High Performance 

L i q u i d  Chromatography w i t h .  Che~niluminescence Detect ion," Anal. Chem., 

25 52, pp. 424-427 (1980) used l abo ra to ry  reagents o f  hydrogen peroxide 

and oxal lc . es te rs  t o  de tec t  femtomole concent ra t ions  o f  the anal y te .  

Authent ic  biolog. ica1 'specinlens were no t  t h e r e i n  analyzed. 



F i n a l l y ,  Veazey, R. L., e t  a1 , i n  "Chemil uminescence High 

Performance L i q u i d  Chro~~ la tograph ic  Detec to r  App l ied  t o  Ascorbic Acid 
.k .; 

De te rmina t ions  ," J. Chromatogr . , -- 200 ,  pp. 153-162 (1980) appl i e d  chemi- 

1 uminescence d e t e c t i o n  t o  ascorb ic  a c i d  and o ther  organic.  reduc tan ts  i n  

5  bas i c  media. The r e a c t i o n s  i n v o l v e d  a re  performed under opt imal  con- 

d i t i o n s  and apply  t o  any reduc ing agent. Only asco rb i c  ac id  was quan- 

t i t a t e d  a t  t r u l y  use fu l  concen t ra t ions .  Reactant i n s t a b i l i t y  and 

v a r i a n t  f l  o w  r a t e s  necess i t a ted  f r equen t  r eca l  i b r a t i o n  o r  a d d i t i o n  

o f  f r e s h  reagents,  

10  Statement o f  t h e  Ob jec t s  

It i s  an o b j e c t  o f  t h i s  i n v e n t i o n  t o  p rov ide  a method and mon i to r  

u s e f u l  f o r .  ana lyz ing  and quant i  f y i  ng biomarkers o f  au then t i c  b i o l o g i c a l  

speci~nens, sa id  method and n i o n i t o r  cha rac te r i zed  by b i o l  unlinescence 

d e t e c t i o n  o f  h i g h  s p e c i f i c i t y  f o r  t h e  biomarker o f  i n t e r e s t .  

15  It i s  another o b j e c t  o f  t h i s  i n v e n t i o n  t o  p rov ide  a  cont inuous,  

on-1 i n e  ana ' l y t i ca l  mon i to r  f o r  accurate,  r e1  i a b l  e, and rep roduc ib l e  

biomarker assays, s a i d  moni tor  be ing  a  re1 a t i  v e l y  s imp le  arrangement o f  

' equipment, i ns t rumgn ta t i on ,  and r e a c t a n t  systems. 

It i s  a  f i n a l  o b j e c t  o f  t h i s  i n v e n t i o n  t o  p rov ide  a  method use fu l  

' 20  f o r  proper ana l ys i s  o f  t i s s u e - s p e c i f i c  b iomarkers i n  a  nonreferenced 

and 'noncompensated a n a l y t i c a l  system. 

Sumnary o f  t h e  I n v e n t i o n  
-----,,-m".,.... - 

. .  The foregoing and o the r  o b j e c t s  a r e  . s a t i s f i e d  by t he  mon i to r  o f  

t h e  present  i n v e n t i o n  coinpr is ing, i n  combinat ion:  condu i t  means f o r  



. , 

'conducting a  sample so lu t i on ,  such as an authent ic ,  human b i o l o g i c a l  

sample, from a  source o f  sa id  so lu t i on ;  stream d i v e r s i o n  means disposed 

w i t h i n  said condui t  f o r  separat ing said sample s o l u t i o n  i n t o  f i r s t  and 

second streams, wherein sa id  f i r s t  'stream i s  on ly  a  minor p o r t i o n  o f  

5 t h e  o r i g i n a l  so lu t i on ;  means disposed i n  f l u i d  co~nmunication w i t h  sa id  

f i r s t  stream f o r  i n t roduc ing  and independently r e g u l a t i n g  the f low 

t h e r e t o  o f  one o r  more reactants;  means disposed w i t h i n  said f i r s t  

stream f o r  incubat ing  said reac tan ts  and sample p o r t i o n  f o r  s u f f i c i e n t  

t ime  and temperature t o  produce a  bioluminescent response; and means 

10 disposed w i t h i n  said f i r s t  stream f o r  mon i to r ing  said response, sa id 

response i n t e n s i t y  being c o r r e l a t a b l e  t o  a  biomarker concent ra t ion  con- 

t a ined  w i t h i n  sa id  sample so lu t i on .  

Biomarkers o f  i n t e r e s t  can be c a t a l y t i c a l l y  ac t i ve ,  causing a 

r e a c t i o n  t o  occur .between int roduced , reac tan ts ,  o r  the biomar kers can , ,.a. 

15 be chemical l y  r e a c t i v e  w i t h  the reac tan ts  t o  generate an u l  t i inate 

bioluminescent response. A po ten t i  a1 source f o r  t he  sample sol u t i o n  -T -X 

cou ld  be an i o n  exchange column o r  other  .apparatus performing chroma- 

tographic separat ions. General ly ,  t h e  f i r s t  stream w i l l  be on l y  a  - 
small  vol m e t r i c  percentage ( 5  vo l  .%) o f  the o r i g i n a l  sample sol u t i on .  

20 This permi ts  lower reagent consumption and b e t t e r  f l ow  con t ro l  i n  our 

moni tor ,  thus reducing cost  and increas ing  rep1 i c a t e  appl i c a t i o n  

r e l i a b i l i t y .  Fur ther ,  reac t i on  t ime and bioluminescent i n t e n s i t y  a re  

a1 so enhanced by reduced f l ow  p rov id ing  greater  s e n s i t i v i t y .  

~ ~ ~ i c a l l ~ ,  so luable o r  immobi l ized i n d i c a t o r  enzymes can be used i n  our 

25 monitor w i t h i n  the r e a c t i o n  zone. The moni to r ing  means can be' a  

simple, f low-through 'fl uororrieter w i thout  an exc l  t a t i o n  source o r  



f i l t e r s ,  which are responsive t o  bioluminescent i n t e n s i t y  and c o r r e l a t e s  

s a i d - i n t e n s i t y  t o  biamarker concentrat ion.  An x-y recorder rnay . be . con- 

nected t o  the  f luorometer f o r  purposes o f  producing a permanent record 
I&... . 

. . *  

o f '  the. assay. 3% 

B r i e f  Desc r ip t i on  o f  t h e  Drawinqs 

Fig.  1 i s  a schematic representa t ion  o f  an apparatus o f  t h i s  
.::;+< .*.. . ,..?!?! 

i n v e n t i o n  i n  combination w i t h  a chromatographic separat ion column; ..?. , ;.'i: 
Z. L: .:.$-j:. 

Fig.  2 i s  a graph o f  re1 a t i v e  de tec tor  response as a f u n c t i o n  o f  - 
ATP concent ra t ion  showing a r e l a t i o n s h i p  between emission i n t e n s i t y  and > .  

10 . a bioluminescent responding species; and 

F ig .  3 i s  an .absorbance.curve o f  a cont inuously ,  nonreferenced 

ana lys i s  o f  c rea t i ne  kinase i n  a serum sample according t o  t h i s  

i nven t i on .  

D e t a i l e d  D e s c r i p t i o n  

15 The method aid monitor o f  t h i s  i n v e n t i o n  are usefu l  f o r  quan- 

t i t a t i v e l y  de tec t ing  and measuring the  concent ra t ion  o f  p r a c t i c a l l y  any 

biomarker ' i n  b i o l o g i c a l  f l u i d s  which can be caused t o  p a r t i c i p a t e  i n  an 

enzymatic reac t i on  or  reac t ions  t o  u l t i m a t e l y  produce a b i o l  uminescent 

response. It i s  p a r t i c u l a r l y  val uable i n  nonreferenced appl i c a t i o n s  
-- 

20 wherein accurate d i s c r i m i n a t i o n  between pathology v e r i f y i n g  biomarkers 

and o ther  s o l u t i o n  cons t i t uen ts  i s  essent ia l .  
&& 

I n  accordance w i t h '  t h i s  invent ion ,  a sample sol  u t i o n  con ta in ing  a 

biornar.ker species o f  i n t e r e s t  i s  conducted from a source through a con- . .  

d u i t  wherein a predetermined amount, t y p i c a l l y  5 vol.%, i s  d i v e r t e d  

25 i n t o  an a n a l y t i c a l  monitor wherein sa id  amount i s  contacted w i t h  an 



equal amount o f  one o r  riiore s p e c i f i c  reac tan ts  f o r  the biornarker o f  

i n t e r e s t .  The reac tan ts  ,may be added d i r e c t l y  o r  generated i n  s i t u  by 

a d d i t i o n  of appropr ia te  precursors. General 1 y, the  biornarker w i  11 be 

c a t a l y t i c a l l y  r e a c t i v e  a1 though sollie turnover  a t  re1 a t i v e l y  slow ra tes  

5 may occur. Biomarkers and reac tan ts  are contacted i n  b i o l o g i c a l l y  

e f f e c t i v e  amounts u n t i  1 a b i o l  umenescent responding product 1 un~ l  nophor 

i s formed. This  reac t i on  should r e q u i r e  no more than 20 minutes and a 

temperature range o f  about 25' t o  40°C. 

Ox ida t ion  o f  t he  reac t i on  zone product w i l l  produce a v i s i b l e  

10 l i g h t  response which i s  moni torable a t  a wavelength o f  550 t o  650 nrn. 

The necessary i n d i c a t o r  enzylnes o r  o ther  reac tan ts  t o  produce t h i s  

response a r e  biomarker s p e c i f i c  thus assur ing s e l e c t i v i t y  and s e n s i t i v i t y .  

I n  s i t u  generat ion o f  1 i g h t  w i t h i n  our i nven t i on  e l  irninates major 

causes o f  e r r o r  i n  o ther  systems caused by aging, d r i f t ,  o r  l i g h t  

15 source f l u c t u a t i o n ,  as wel l  as l i g h t  l o s s  o r  s c a t t e r  w i t h i n  the 

sample. Th is  causes a h igher  s ignal  t o  noise r a t i o  thereby producing a 

chro~natograrn having a re1 a t i  ve l y  s tab le  base 1 ine.  Therefore, our  

mon i to r  can u t i  1 i ze greater  s ignal  amp1 i f i c ' a t  i o n .  t o  produce greater  

s e n s i t i v i t y .  We have found tha t  enzyme-activated bioluminescent 

20 emissions g i v e  wave1 ength i n t e n s i t i e s  producing good chromatograms w i t h  

sha rp l y  def ined,  we1 1-resol ved peaks. So lu t i on  components which are 

n o t  o f  i n t e r e s t  do not give- an i n d i c a t j n g  response thus o b v i a t i n g  the 

need f o r  spccics discrimination by re ferenc ing  o r  o ther  compensatory 

methods'. Since on ly  the  biomarker . o f  i n t e r e s t  w i l l .  metabol ize a reac- 

25 t a n t  subs t ra te  speci f i c a l  l y  prepared f o r  i t s  determinat ion,  improper 

analysis o r  ambiguous r e s u l t s  are nnt a prnhlem. A bioluminescent 



emission i s  conf i rmatory  o f  the pathology associated w i t h  the biomarker 

be ing  i nves t i ga ted  and v e r i f i e s  damage o r  disease w i t h i n  t i s s u e  r e l a t e d  

t o  o r  a  source o f  the biomarker. The m i s s i o n  i n t e n s i t y  i s  a1 so cor re-  

1  a tab l  e  ( d i r e c t l y  p ropor t iona l  o r  otherwi se) t o  b i o i ~ ~ a r k e r  

5 concentration,. 

The nondiver ted p o r t l o n  o f  sample s o l u t i o n  (95 vol..%) can be 

wasted s ince s u f f i c i e n t  ana ly te  i s  provided t o  our rnonitor i n  the 

d i v e r t e d  strearn f o r  desi red prec is ion .  A1 t e r n a t i  ve ly ,  i t  can be u t  i- 

1 i zed  as a  source o f  feed - t o  'a se r i es  o f  moni tors wherein several 

. '  10. biomarker species can be simultaneously determined from a  common b io -  

l o g i c a l  sample. D i f f e r e n t  redc tan t  substrates, s p e c i f i c  f o r  each 

biomarker being inves t iga ted ,  would be the  on ly  adaptat i o n  necessary 

f o r  these monitors. Such an embodiment i s  o f  p a r t i c u l a r  i n t e r e s t  where 

two o r  Inore isoenzy~nes may be symptomatic o f  the same path01 ogy. For 

15 example, silnultaneous CK and LD assays would prov ide  v i r t u a l l y  100% 

d iagnos t i c  assurance o f  the incidence o f  myocardial i n f a r c t i o n .  

The f o l l o w i n g  example i s  presented t o  il l u s t r a t e  p re fe r red  

operable modes f o r  ca r r y ing  out the  method o f  t h i s  invent ion .  Process 

cond i t i ons  are not necessar i l y  optimized. These examples are f o r  pur- 

20 poses o f  i l l u s t r a t i o n  and are no t  intended t o  be l i m i t i n g ,  our  inven- 

t i o n  being l i m i t e d  on l y  by the claims. While on l y  isoenzymes o f  CK and 

LO a r e  demonstrated, the  moni tor  and method o f  the present i nven t i on  

a re  t h e o r e t i c a l l y  app l i cab le  t o  any enzyme capable of generat ing a 

de tec tab le  b i o l  m inescen t  responding species o r  product w i t h i n  a  

25 reasonable reac t i on  t ime through use o f  enzyme coupled reac t ions .  For 

instance, re1 atively few isoenzymes (about 4 )  a re .  known t o  conver t  



adenosine diphosphate (ADP) . d i r e c t l y  t o  bioluminescent responding 

species. Assays o f  those four  isoenzymes would be analagous t o  Example 

' I .  There are  approximately 150 o ther  isoenzymes h i c h  can be coupled 
,.A, 

t o  the '  c l  i n i c a l  l y  s i g n i f i c a n t  NAD-NADP co fac to r  system .as i n  Example I I 

5 t o  i n d i r e c t l y  produce bioluminescent responding species. 

Example 1 

Separat ion o f  Creati.ne Kinase Isoenzymes 

A 30 cm s ta in less  s tee l  column f o r  high-pressure i o n  exchange was 

acqui red from waters Associates, M i  1 f o rd ,  Massachusetts. Re fe r r i ng  t o  

10. Fig. l', t h i s  column 1 was s l  u r r y  packed w i t h  SYNCHROPAK AX300 (10i.m) 

f rom Synchrom, Inc., Linden,. Indiana. Authent ic serum samples from a 

hosp i ta l  p a t i e n t  suspected t o  have experienced myocardial i n f a r c t i o n  

were determined t o  conta in  813 u n i t s  per l i t e r  o f  t o t a l  CK a c t i v i t y  i n  a 

50 micro1 i t e r  sample. One o f  these samples was loaded onto the column 

15 by i n t r o d u c t i o n  through i n j e c t o r  va lve 21 (by means o f  an a l t e r n a t e  

r o u t e  no t  shown).. Gradient e l u t i o n  was performed by a Waters Model 660 

so lvent  programmer 15 i n t o  waters Model 6 0 0 0 ~  pumps 16 and 17. The 

e l u t i o n  invo lved an i n i t i a l  f i v e  rninute ho ld  a t  the  concent ra t ion  o f  . . 

so l  vent A from rese rvo i r  19 f o l  lowed by 0-100% so lvent  B from . reservo i r  

20 20. Solvent A was 0.03 - M t r i s  (hydroxy methyl)  methylamine b u f f e r  

(TR IS ) ,  ad justed t o  pH 7.4 by a c e t i c  ac id  w h i l e  so lvent  B was 1.0 fl 

l l t h l u m  acetate, adjusted t o  pH 7.4 b y  l i t h i u m  hydroxide. We found a 

.l i thium acetate .gradlent t o  have l e s s  o f  an i n h i b i t o r y  e f f e c t  on 

1 uc i f e rase  i n d i c a t o r  enzymes u t i l i z e d  i n  our monitor and i t s  use i s  much 

25 preferred.  Tota l  co l  umn e f f l  uent (180 m l /h r )  passed through 1 i n e  2 

, i n t o  a stream d i v e r t e r  3 which separated said f l ow  by a 1 9 ; l  r a t i o .  
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The d i v e r t e d  str.earn f l o w  (1/20) o f  about 10 ml /h r  i s  employed i n  the 

a n a l y t i c a l  monitor o f  t he  present invent ion .  The remaining . f l o w  which 
.ri- <. 

i s  undiver ted (19120) i s  wasted f o r  purposes o f  t h i s  example. The 

d i v e r t e d  stream f l ow  i s  received i n t o  our monitor by p e r i s t a l t i c  pump 5 

5 which provides a  l i k e  amount o f  f l ow  (10 m l l h r )  froin rese rvo i r  6 o f  a  

reac tan t  substrate h i g h l y  s p e c i f i c  f o r  CK. This reac tan t  subs t ra te  has 

t h e  f o l  lowing composit ion: 

Table I 

Reactant Subst ra te  For  Creat ine  Kinase Isoenzyme Ana lys i s  

10 Const i tuent  

Creat ine  Phosphate 
adenosine diphosphate (ADP, a co fac to r )  
im idazo le  acetate b u f f e r  (pH 7.4) 
magnesium acetate (an a c t i v a t o r )  
* l u c i f e r i n  
* l u c i f e r a s e  
mercaptoethanol (an enzyme a c t i v a t o r )  
te t rasodium ethylenediamine t e t r a c e t a t e  

15 (an enzyme-inhi b i  t i o n  preventor)  

* I n  th ree  separate t e s t s  we u t i l i z e d  d i f f e r e n t ' s o u r c e s  .of the - 
1  u c i f e r i n - l u c i f e r i l s e  reagent. These were LUMIT PM and LUMIT HS by 

Lumac, Inc., West1 ake V i  11 age, Cal i f o r n i a  , which were added i n  one v i a l  .- 

d i l u t i o n s ,  respec t i ve l y ,  t o  1 0 m l  o f  Table 1 ' s  reagent so lu t i on .  

20 Pico-Zyme F by  Packard Instrument Co., Downers Grove, I l l i n o i s  was 

a l s o  used except one v i a l  per 4  m l  o f  reagent s o l u t i o n  was added. 

Despi te these h igh  d i l u t i o n s ,  we found s u f f i c i e n t  d e t e c t a b i l  i t y  f o r  the 

ATP r e a c t i o n  product a t  about 75% o f  t he  Lumac and 31% o f  the  Packard 

proposed incubat ion  concentrat ions. Optimum bioluminescent response i s  
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a n t i c i p a t e d  f o r  the  CK coupled t o  l u c i f e r i n  system a t  a  pH o f  about 7.2 

t o  7.4. 

W i th in  our ~noni t o r ,  these equal i zed  f lows o f  about 20 ml /hr  a re  

suppl i e d  t o  a  T-mixer 8 wherei n  contact  and subsequent metabol i z a t i o n  

5 are i n i  t i ' a ted .  This  r e a c t i o n  cont inues dur ing  . t r a n s p o r t  through sa id  

mixer ,  1  i n e  9, -and r e a c t i o n  zone 10. For enzymatic de terminat ion  o f  CK 

b y  l u c i f e r i n ,  t he  r e a c t i o n  zone i s  a  delay c o i l  maintained a t  about 

24°C o f  s u f f i c i e n t  l eng th  f o r  about 2.5 minutes o f  residence to' produce 

. a detectabl 'e b i o l  umenescent response. For other  systems, v a r i a t i o n s  i n  

10 temperatures and residence times may be necessary dependent upon 

biomarker and reagent cons t i tuents .  

The moni tor  o f  t he  present i nven t i on  has a  dynamic range o f  about 

10-5 t o  10'9 molar concentrat ions o f  ATP. S im i l a r  ranges f o r  other  

b i o l  uminescent responding species a re  expected. The CK-converted ADP 

' 15 does not  requ i re '  a d d i t i o n a l  reac tan ts  o r  i n d i c a t o r  enzymes as most 

' o t h e r  enzymatic methods. F i r e f l y  l u c i f e r a s e  has on l y  moder.ate storage 

s t a b i l i t y  and i s  sub jec t  t o  i n h i b i t i o n  i n  h igh  i o n i c  s t rength  media. 
. . 

There'fore, so luab le  enzymes which are wasted a f t e r  the  assays are  u t i -  

1  i zed i n  r e s e r v o i r  6. The o v e r a l l  r e a c t i o n  sequence f o r  t h i s  assay can 

20 be w r i t t e n  as fo l l ows :  

C K 
( A )  c r e a t i n e  phosphate + ADP c r e a t i n e  + ATP 

f i r e f l y  
1  uc i ferase 

(8) ATP + l u c i f e r i n  - adenyl l u c i f e r i n  

25 ( C )  adenyl l u c i f e r i n  + O2 - adenyl oxyl u c i f e r i n  + 
( v i s i b l e  l i g h t )  



A b i o l  unlinescent emission t h a t  i s  observable f o r  several minutes 

.was monitored by f l o w  through l i n e  11 i n t o  an 18pm sample c e l l  o f  an 

Aminco F l  uorometer 12 by h e r i c a n  Instrument Co., S i  1  v e r ' . ~ p r i n g ,  . 

Mary1 and. Photomul ti p l  i e r '  tubes w i t h i n  sa id  f l  uorometer prov ide 
. .  . 

5 e l e c t r i c a l  s i gna ls  p ropor t iona l  t o  bioluminescent response by 

i n t e g r a t i n g  photon count ing  techniques. This response i n t e n s i t y  can be 

c o r r e l a t e d  t o  concent ra t ion  o f  the  biomarker species o f  i n t e r e s t .  

- F ig .  2 i s  a graph ' f o r  LUMIT HS reagent showing percent re1 a t i v e  

response ' o f  the  f1 uorometer t o  ATP concent ra t ion  i n  mg/L. 

The output  o f  the  f luorometer ,  can be r e d e e d  t o  a permanent record 

,by means o f  a s t r i p  c h a r t  recorder 14. F ig.  3 i s  a t y p i c a l  chrornatograrn 

produced by the  moni tor  o f  the  present i nven t i on  under the  cond i t i ons  

'described. Pico-Zyrne F i n d i c a t o r  enzyme was used t o  produce t h i s  

chromatogram. Two d i s t i n c t  isoenzyrnes o f  CK can be c l e a r l y  i d e n t i f i e d  

1 5  t h e r e i n  as the  r e s u l t  o f  t h i s  assay. Proceeding from l e f t  t o  r i g h t  i n  

F ig.  3, CK-MM (predominant peak) e lu ted  a f t e r  about s i x  minutes 

fo l l owed  by CK-MB (minor peak) a t  about twelve minutes. A CK-BB peak 

was detected a t  about 17 minutes, but  i s  not  shown. Fol lowing 

de tec t i on ,  t he  assayed stream i s  wasted through l i n e  13. 

2 0 Example I 1  

Separat ion o f  Lac ta te  Dehydrogenase 

Detec t ion  and measurement o f  1 ac ta te  dehydrogenase (LD, EC 

1.1.1.27) can be accompl ished i n  the apparatus of Example I wherein 

i d e n t i c a l .  procedures a re  f o l  1  owed except as noted he re ina f te r  . Since 

25 LD does no t  d i r e c t l y  prdduce a bioluminescent e m i t t i n g  product o r  lumi-  

nophor , product, t he  ' reactant  subs t ra te  must be modi f ied t o  coup1 e t h e  



LO cata lyzed r e a c t i o n  .product t o  such an emission react ion.  ' This  can 

be accompl ished through use o f  the  enzyrnat i c  co fac tors  B -n icot inamide 

- adenine d inuc leo t i de  (NAD) o r  B-n icot inamide adenine d i n u c l e o t i d c  

phosphate (NADP) w i t h i n  a n  o x i d  reductase enzyme sys.teln u t i  1  i z i n g  f l a -  

5 v i n  oxidoreductase. The f o l l o w i n g  subs t ra te  could be u t i l i z e d  i n  such 

.an assay: 
, . 

Table I 1  

Reactant Subst ra te  F o r  Lac ta te  Dehydrogenase 
Isoenzyme Ana lys is  

10 Concentrat ion 
Const i tuent  . . m m o l / ~  - .-- 

L i - 1 - l a c t a t e  50 
2-a~ni no-2-methyl -1,3-propanediol 

b u f f e r  (2-AMP-diol ) (pH 8.5) 10 
NADP 3.5 
Dodecanal (1 aury l  a1 dehyde) 10 

15 The LD i s  detected by means o f  the f o l l o w i n g  reac t i on  sequence: 

L  D 
- ( A ' )  L i - 1 - l a c t a t e +  NAD+---+pyruvate + NADH (reduced form) + H+ 

f l a v i n  
oxidoreductase 

( B '  ) NADH + H+ + FMN - NAD' + FMNH2 

b a c t e r i a l  
2 0 l u c i f e r a s e  

( C ' )  FMNH2 + O2 + RCHO-FMN + RCOOH + H20 + l i g h t  

The r e a c t i o n  zone 10 o f  Fig. 1 must be modi f ied t o  inc lude a  condui t  

segment or  mic roreac tor  s e r i a l  l y  downstream o f  the delay c o i l  o r  1  i ke 

r e a c t i o n  vessel. Reaction A '  would take place i n  the  delay c o i l  i n  

25 about 10 minutes a t  a temperature o f  about 37°C wh i le  reac t ions  B '  and 

C' would take p lace i n  t he  ~ n i c r o r e a c t o r  i n  a mat te r  o f  seconds. 

Co- immobi 1 i zed enzymes and reac tan ts  o f  NADH, f l  a v i  n  .mononucl eo t  i d e  
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(FMN) , b a c t e r i a l  l u c i  ferase, and f l a v i n  oxidoreductase which are speci- 

f i c  f o r  NADH o r  NADPH coupled determinat ions are prepared by standard 

methods. See, f o r  example, Biotechnology and Bioengineering, Vol. 

X V I  I, "High Performance Enzyne Reactors ," pp. 1487-1491, John W i  1  ey and - 
5 Sons, Inc., (1978) and Enzyme Engineering, Vo1. 2, Pye, E.K., e t  a l ,  

Eds., pp. 67-76, "Review o f  Recent Enzyme Immobi l i za t ion  Techiques," 

Plenum Press, New York. Techniques f o r  co-irmobi 1 i za t ion  o f  b a c t e r i a l  

1  uc i f e rase  and f l a v i n  reductase are a1 so d isc losed by Tu, S-C., e t  a1 , 

Proceedings o f  the Nat ional  Academy o f  Science, - 77, pp. 249-252 (1980). 

10 We have found re~novable mic roreac tors  con ta in ing  imrnobil i zed 

enzymes i n  our inoni t o r  t o  have an add i t i ona l  advantage f o r  t h e i r  

i ncorpora t i  on. Sol uabl e enzyme substrates,  such as used i n  Exarnpl e I, 

are v i a b l e  f o r  about two days under r e f r i g e r a t i o n ,  a f t e r  which, they  

must be discarded. The same substrates cannot be f rozen because such 

15 temperatures i n a c t i v a t e  t h e i r  enzymes. This  undesi rably  adds t o  the 

expense. o f  the determinat ion. However, i sol a t i o n  o f  i n d i c a t o r  enzymes 

f rom reac tan t  substrates by immobil i za t ion  w i t h i n  mic roreac tors  

remarkably improves r e f r i g e r a t e d  s t o r a g e a b i l i t y  o f  bo th  substrate and 

enzymes. Ihe microreactors being s to rab le  a t  about 5°C f o r  up t o  

20 several months wh i l e  t he  subs t ra te .can be f rozen i n d e f i n i t e l y  a t  about 

It can thus be seen t h a t  a moni tor  and method f o r  the  nonreferenced, 

d i r e c t  q u a n t i t a t i o n  o f  biornarker a c t i v i t i e s  a t  low-concentrat ion l e v e l s  

have been provided by ' the present invent ion.  Said moni tor  and me'thod 

25 have d i r e c t  a p p l i c a t i o n  i n  c l i n i c a l  d iagnos t i c .  s e t t i n g s  t o  conf i rm 

' suspected human path01 ogies. According t o  the present invent ion,  A 



biomarker  assays can be performed i n  l e s s  than  20 minutes a t  substan- 

t i a l  savings over p r e s e n t l y  ava i  1 a b l e  e l e c t r o p h o r e s i s  and o ther  chroma- 

t o g r a p h i c  methods. D e f i n i t i v e  d i agnos i s  by automated, o n - l i n e  detec- 

t i on and qJan t i  t a t i o n  o f  biomar k e r s  i s  thereby  rendered more p r a c t i c a l  

5 and re1 i ab l  e. 



B I~ILUMINESCENCE MONITOR' AND METHOD 
FOR ENZYMATIC DETERMINATIONS 

Abst rac t  o f  t h e  D isc losure  

.An on- l ine ,  nonreferenced apparatus' f o r  measuring the con- 

cent ra t i 'on  o f  .a biomarker species i n  au thent ic  b i o l o g i c a l  'samples i n  

5 sol u t i on .  comprises condui t  means f o r  conduct ing .said sarnpl e sol u t i o n  

. f r o m  a source o f  sa id  so lu t i on ,  stream d i ve rs ion  means disposed w i t h i n  

t h e  condu i t  f o r  d i v e r t i n g  a predetermined.amount o f  sa id  sample f o r  

ana lys is ,  means f o r  i n t roduc ing  and independently r e g u l a t i n g  the f l o w  

o f  one o r  more reac tan ts  disposed i n  f l u i d  communication w i t h  sa id  

10 d i v e r t e d  stream, incubat ing  means w i t h i n  the d i ve r ted  stream f o r  

r e a c t i n g  sa id  reac tan ts  and biomarkers t o  produce a b i o l  uminescence 

emission, and means disposed w i t h i n  the  d i v e r t e d  stream f o r  mon i to r ing  

s a i d  emission i n t e n s i t y  which i s  c o r r e l a t a b l e  t o  sa id  biomarker 



SOLVENT 
I 
I 
1 

4- 5% SAMPLE 
6 -STREAM -- 1 
- - - 5 -7  14 I 

/ I 
I 
I - - --- 

RECORDER E l  



ATP CONCENTRATION . t m g /  l i t e r )  . 






