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Our research p r o g r e s s  i s  summarized i n  s e v e n  p u b l i c a t i o n s  and  
f o u r  p a t e n t  f i l i n g s .  
have b e e n  e n c l o s e d  t o  describe t h e  t e c h n i c a l  details .  
a c c o m p l i s h m e n t s  a n d  t h e i r  i m p o r t a n c e  a r e  described below. 

R e p r i n t s  of t h e  r e c e n t l y  p u b l i s h e d  p a p e r s  
The  basic 

Paper (1) p r e s e n t s  a b r i e f  d e s c r i p t i o n  of o u r  p r e v i o u s  s i n g l e  
m o l e c u l e  de tec t ion  work, t h e  f l u o r e s c e n c e  o p t i m i z a t i o n  theory ,  and 
our e a r l y  f l u o r e s c e n c e  g e l  s c a n n i n g  r e s u l t s .  
summary of t h e  p r e s e n t a t i o n  t h a t  w e  gave  a t  t h e  SPIE Meet ing  i n  
Los A n g e l e s  i n  J a n u a r y  of 1990 .  

T h i s  paper i s  a 

The complete d e s c r i p t i o n  of o u r  t h e o r y  for  t h e  o p t i m i z a t i o n  of 
l a s e r - e x c i t e d  f l u o r e s c e n c e  d e t e c t i o n  is p r e s e n t e d  i n  ( 2 )  which  was 
r e c e n t l y  p u b l i s h e d  i n  A n a l y t i c a l  Chemis t ry .  T h i s  p a p e r  presents a 
method fo r  o p t i m i z i n g  t h e  laser i n t e n s i t y  and  i l l u m i n a t i o n  or 
t r a n s i t  time for any  l a s e r - e x c i t e d  f l u o r 2 s c e n c e  detect ion 
e x p e r i m e n t  s u c h  as c o n f o c a l  s c a n n i n g ,  s i n g l e - m o l e c u l e  detect ion,  
c a p i l l a r y  electrophoresis, and  c o n f o c a l  microscopy.  
p r e s e n t s  a method for  d e t e r m i n i n g  t h e  i n t r i n s i c  f L u o r e s c e n c e  
l i f e t i m e  a n d  p h o t o d e s t r u c t i o n  parameters for a f l u o r e s c e n t  probe. 
I t  t h e n  p r e s e n t s  a g e n e r a l  t h e o r y  and  method f o r  c h o o s i n g  t h e  
optimum exci ta t ion c o n d i t i o n s  for  t h a t  p a r t i c u l a r  p r o b e .  

T h i s  p a p e r  

Q u e s a d 2  e t  a l .  ( 3 )  gives a complete d e s c r i p t i o n  of t h e  
o n e - c o l o r ,  c o n f o c a l  f l u o r e s c e n c e  g e l  s c a n n e r  and  describes 
a p p l i c a t i o n s  t o  t h e  d e t e c t i o n  of DNA s e q u e n c i n g ,  DNA mapping,  and 
pulsed f i e l d  ge ls .  The a p p a r a t u s  i s  described i n  s u f f i c i e n t  
de t a i l  t o  enable most labs  t o  c o n s t r u c t  and  u s e  t h i s  a p p a r a t u s .  
wide v a r i e t y  of a p p l i c a t i o n s  are p r e s e n t e d  t o  i l l u s t r a t e  t h e  
g e n e r a l  u t i l i t y  of t h i s  a p p a r a t u s  and method. W e  have also 
d e v e l o p e d  a s i m u l t a n e o u s  2-color, c o n f o c a l - f l u o r e s c e n c e  ge l  
s c a n n e r  wh ich  h a s  been  described i n  P u b l i c a t i o n s  4 and  5 .  

A 

P u b l i c a t i o n s  4 ,  5 ,  and 6 r e p o r t  on t h e  c o n t i n u a t i o n  of o u r  
s t u d i e s  o f  d o u b l e - s t r a n d e d  ( d s )  DNA- in te rca l a t ion  complexes  w i t h  
f l u o r e s c e n t  d y e s .  
t h i a z o l e  and oxazole der iva t ives  whose s t r u c t u r e s  are i l l u s t r a t e d  
i n  t h e  a t t a c h e d  F i g u r e  have p a r t i c u l a r l y  f a v o r a b l e  p rope r t i e s  for  
h igh  s e n s i t i v i t y  d e t e c t i o n  o f  DNA. F l u o r e s c e n t  complexes  of 
d s D N A ,  s tab le  t o  electrophoresis, are formed w i t h  t h e  TOTO and  
YOYO dyes. 
have a b s o r p t i o n  maxima a t  510 and e m i s s i o n  maxima a t  530 nm, 
whereas  t h e  YO a n d  YOYO der iva t ives  have a b s o r p t i o n  maxima a t  490 
and e m i s s i o n  maxima a t  510 nm. Most i m p o r t a n t ,  TO and  TOTO show a 
f l u o r e s c e n c e  enhancement  upon b ind ing  t o  &DNA of over 2,000-fold. 
By u s i n g  d s D N A  complexes w i t h  t h e s e  dyes and w i t h  e t h i d i u m  
homodimer ( G l a z e r ,  A.N. ,  Peck ,  K . ,  and  M a t h i e s ,  R . A . ,  Proc. Natl. 

W e  have found t h a t  s u c h  complexes  w i t h  t h e  

I n  t h e  dsDNA-bound form, t h e  TO and  TOTO d e r i v a t i v e s  
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M a t h i e s ,  R i c h a r d  A. a DE-FG-91ER61125 e 
Acad. Sci. USA ( 1 9 9 0 )  87:3851-3855) ,  w e  have  accompl i shed  
two-color d e t e c t i o n  of dsDNA in a s i n g l e  l a n e  i n  a g a r o s e  g e l s  w i t h  
picogram s e n s i t i v i t y  and have shown t h a t  t h i s  methodology allows 
t h e  determination o f  s i z e s  of dsDNA f r a g m e n t s  f rom 600 b p  t o  50 
kbp w i t h  h i g h e r  precision t h a n  h i t h e r t o  r e p o r t e d ,  

P u b l i c a t i o n  ( 7 )  presents a r e v o l u t i o n a r y  new method for 
p e r f o r m i n g  and  d e t e c t i n g  c a p i l l a r y  e l e c t r o p h o r e s i s ,  
c a p i l l a r y  e l e c t r o p h o r e s i s  i s  a r ap id  s e p a r a t i o n  method w i t h  
e x c e l l e n t  r e s o l u t i o n ,  t h e  t h r o u g h p u t  i s  l o w  b e c a u s e  o n l y  o n e  
c a p i l l a r y  c a n  be r u n  a t  a time. 
been working  on  t h e  p r o d u c t i o n  of c a p i l l a r y  a r r a y  d e v i c e s .  
Huang, who h a s  b e e n  s u p p o r t e d  by a DOE Human Genome Postdoctoral 
F e l l o w s h i p ,  has d e v e l o p e d  a new method for  p r e p a r i n g  c a p i l l a r y  
a r r a y s  and  for d e t e c t i n g  t h e  f l u o r e s c e n t  s e q u e n c i n g  f r a g m e n t s .  
W e  have shown t h a t  c a p i l l a r y  a r r a y s  c a n  be detected w i t h  h i g h  
s e n s i t i v i t y  by s c a n n i n g  t h e  p l a n a r  a r r a y  p a s t  oulc c o n f o c a l  
d e t e c t i o n  s y s t e m  and s e q u e n t i a l l y  d e t e c t i n g  t h e  s i g n a l  from e a c h  
c a p i l l a r y .  S i n c e  t h e  c a p i l l a r i e s  have  small o u t s i d e  diameters, w e  
c a n  detect hundreds  of cap i l la r ies  w i t h  less t h a n  1" of s t a g e  
mot ion1  A l s o ,  s i n c e  c a p i l l a r y  e l e c t r o p h o r e s i s  can be pe r fo rmed  
w i t h  h i g h  e lectr ic  f i e l d s ,  t h e  s e p a r a t i o n  i s  comple t e  i n  1-2  
h o u r s .  Our f irst  p u b l i c a t i o n  ( 7 )  describes t h e  s e p a r a t i o n  o f  
G-fragments  o n  a f o u r - c a p i l l a r y  a r r a y .  S i n g l e  base r e s o l u t i o n  i s  
observed o u t  t o  500  b a s e s  i n  unde r  two h o u r s ,  T h i s  e s t a b l i s h e s  
t h e  f e a s i b i l i t y  o f  u s i n g  t h e  confocal d e t e c t i o n  s y s t e m  t o  detect 
c a p i l l a r y  a r r a y s .  

A l though  

T o  resolve t h i s  p roblem,  we have 
D r ,  

DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employecs, makes any warranty, express or implied, or assumes any legal liability or responsi- 
bility for the accuracy, completeness, or usefulness of any information, apparEtus, product, or 
process disclosed, or represents that its use would not infringe privately owned rights. Refer- 
ence herein to any specific commercial product, process, or service by trade name, trademark, 
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recotri- 
mendation, or favoring by the United States Government or any agency thereof. The views 
and opinions of authors expressed herein do not necessarily state or reflect those of the 
United States Government or any agency thereof. 
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PLANS FOR THE NEXT BUDGET PERIOD 

1. High-throughput DNA sequencing using capillary arrays. To 
a p p l y  t h e  c a p i l l a r y  a r r a y  method t o  DNA s e q u e n c i n g ,  w e  m u s t  d e t e c t  
a11 f o u r  s e q u e n c i n g  f r a g m e n t s  on a s i n g l e  c a p i l l a r y .  Methods for  
l a b e l i n g  t h e  DNA f r agmen t s  w i t h  d i f f e r e n t  f l u o r e s c e n t  p r o b e s  are 
w e l l  known, Now w e  need t o  fabr icate  a m u l t i c o l o r  d e t e c t i o n  
s y s t e m  fo r  o u r  c a p i l l a r y  a r r a y  detector t o  detect t h e  d i f f e r e n t  
s e q u e n c i n g  f r a g m e n t s  . W e  have p r e v i o u s l y  b u i l t  a 2-color c o n f o c a l  
s c a n n e r  for gel  d e t e c t i o n  so t h i s  s h o u l d  n o t  p r e s e n t  a problem. 
Once a m u l t i c o l o r  d e t e c t i o n  s y s t e m  i s  b u i l t ,  t h i s  a p p a r a t u s  w o u l d  
p e r m i t  t h e  d e t e c t i o n  of hundreds  of sequenc ing  l a n e s  o u t  t o  500 
bases i n  1-2 h o u r s ,  

2 . DNA mapping using capillary electrophoresis, W e  are s e t t i n g  
up  a c o n f o c a l  f l u o r e s c e n c e  d e t e c t i o n  sys t em f o r  t h e  d e t e c t i o n  of 
h i g h - m o l e c u l a r  w e i g h t ,  d o u b l e - s t r a n d e d  DNA f r a g m e n t s  o n  
n o n - d e n a t u r i n g  ge ls .  
c o n f o c a l  d e t e c t i o n  and i n t e r c a l a t i o n  dye complexes fo r  t h e  

The  g o a l  i s  t o  e x p l o r e  the c a p a b i l i t i e s  of 

h i g h - s e n s i t i v i t y  d e t e c t i o n  of mapping f r a g m e n t s  , 
a lso  be u s e d  t o  pe r fo rm s i n g l e - m o l e c u l e  d e t e c t i o n  of h igh -  
m o l e c u l a r  w e i g h t  DNA s e p a r a t e d  on a c a p i l l a r y  e l e c t r o p h o r e s i s  
column . 

T h i s  s y s t e m  w i l l  

3 .  Probe and method development for in situ hybridization. W e  are 
f i n i s h i n g  t h e  c o n s t r u c t i o n  of a s t age - scanned  c o n f o c a l  
f l u o r e s c e n c e  mic roscope  w i t h  d i g i t a l  photon c o u n t i n g  d e t e z t i o n .  
T h i s  a p p a r a t u s  s h o u l d  p r o v i d e  h i g h  s i g n a l - t o - n o i s e  f l u o r e s c e n t  
images  of chromosomes. F i r s t ,  t h e  p a r a m e t e r s  of t h e  s m n n i n g  and 
e x c i t a t i o n  w i l l  be o p t i m i z e d  u s i n g  o u r  f l u o r e s c e n c e  opt imizat ion 
t h e o r y .  Then,  t h e  s i g n a l - t o - n o i s e  of t h e  c o n f o c a l  s y s t e m  w i l l  be 
c r i t i c a l l y  compared w i t h  t h e  c a p a b i l i t i e s  of a cooled CCD detector 
o n  t h e  same microscope .  F i n a l l y ,  t h e  mic roscope  w i l l  be used  t o  
d e v e l o p  new f l u o r e s c e n t  p r o b e s  and methods fo r  in situ 
h y b r i d i z a t i o n  s t u d i e s  u s i n g  DNA i n t e r c a l a t i o n  complexes ,  

4.  Applications of dsDNA-Dye Intercalation Complexes. The 
c o m b i n a t i o n  of t h e  h i g h l y  f l u o r e s c e n t  d a u N A - i n t e r c a l a t i o n  dye  
complexes w i t h  t h e  c o n f o c a l  s c a n n i n g  sys t em p e r m i t s  detection of 
r e s t r i c t i o n  f r a g m e n t s  i n  t h e  p icogram r a n g e ,  T h i s  means t h a t  much 
smaller amounts  of DNA are needed f o r  s u c h  p u r p o s e s  as a n a l y s i n g  
r e s t r i c t i o n  maps of cosmids and measur ing  o v e r l a p  between c l o n e s  
i n  c o n t i g s .  T o  e x p l o i t  t h i s  c a p a b i l i t y  t o  a n a l y s e  samples  of 
unknown low DNA c o n t e n t  (for example ,  such  a s  those o b t a i n e d  by 
PCR a m p l i f i c a t i o n ) ,  it. i s  n e c e s s a r y  t o  have a s e n s i t i v e  method 
f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  of dsDNA c o n c e n t r a t i o n  i n  
s o l u t i o n .  
t i g h t l y  bound i n t e r c a l a t o r s  TOTO and YOYO. P r e l i m i n a r y  r e s u l t s  
i n d i c a t e  t h a t  reliable r o u t i n e  q u a n t i t a t i o n ,  u t i l i z i n g  
c o n v e n t i o n a l  s t e a d y  s t a t e  f l u o r e s c e n c e  measurements ,  w i l l  be 
possible  down t o  5 ng dsDNA p e r  I n l .  With t h i s  a s s a y  i n  p l a c e ,  w e  
w i l l  e x p l o r e  t h e  r e l i a b i l i t y  of cosmid mapping and  o r d e r i n g  by our 
p r o c e d u r e  o f  r u n n i n g  a s t a n d a r d  m i x t u r e  o f  DNA f r a g m e n t s  s t a i n e d  
w i t h  o n e  dye and  of unknown f r agmen t s  s t a i n e d  w i t h  a second  d y e ,  
b o t h  i n  the same lane. 

W e  are d e v e l o p i n g  s u c h  a p r o c e d u r e  u t i l i z i n g  t h e  
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We a l s o  p lan  t o  examine t h e  use of b i o t i n y l a t e d  dsDNA-TOTO 
complexes as  probes for in s i t u  hybr id iza t ion  on chromosomes, We 
a n t i c i p a t e  t h a t  de t ec t ion  w i t h  such mul t ip ly  labe led  probes w i l l  
be much more s e n s i t i v e  than t h a t  poss ib l e  w i t h  t h e  c u r r e n t l y  used 
f luo resce ina ted  av id in  and f luo resce ina ted  an t i - av id in  antibody 
combinations,  
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