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(57) ABSTRACT 

This invention provides method and apparatus for performing 
chemical and biochemical reactions in solution using in situ 
generated photo-products as reagent or co-reagent. Specifi 
cally, the method and apparatus of the present invention have 
applications in parallel synthesis of molecular sequence 
arrays on Solid Surfaces. 

PHOTO-ACID 

ACD GENERATION 

DIFFUSION   



US 2011/0170075A1 Jul. 14, 2011 Sheet 1 of 26 Patent Application Publication 

|02||0 || ||00|| Fº*No., Fº ©NI- LOEL 
-1 -1 -1 -1 -1 

à à à à à à -Qaedaq i in ? ? ? ( 



US 2011/0170075A1 Jul. 14, 2011 Sheet 2 of 26 Patent Application Publication 

d | 
X ? || 

H 

SLNET LILGTIS „Z BEHLO ONW ‘SWOIW NE?OTWH ‘HO=X 

    

  

  









US 2011/0170075A1 

019Ž909009 Fº?, F* ©NI- 10B] 

Patent Application Publication 





US 2011/0170075A1 Jul. 14, 2011 Sheet 8 of 26 Patent Application Publication 

| 8 

| 8ÅTE WEISSW HOLOV/EH 

  

  

  

  



US 2011/0170075A1 Jul. 14, 2011 Sheet 9 of 26 Patent Application Publication 

9988 

£988 |2998 0998 

ÅTE WESSW HOLOWEH 
  

  



US 2011/0170075A1 Jul. 14, 2011 Sheet 10 of 26 

s 
CO 

[2998 

Z98ÅTTE WESSW HO1OV/EH 
C?998 

Patent Application Publication 

  



Sheet 11 Of 26 US 2011/0170075 A1 Jul. 14, 2011 Patent Application Publication 

  



Patent Application Publication Jul. 14, 2011 Sheet 12 of 26 US 2011/0170075A1 

- 
O 

cy) 
O) 

CYO 
l 

H 
CO 

C2 CS 

S. S. 
O O) O) 

LL 
CO 
O 
X 

CN O) 

CVD CD 

2 
CC 

O 

o 
O) 

CY) 
cy) s 
O) 

l 
N- CM) 

cy 
O) 

CN 
c 
O 

  



Patent Application Publication Jul. 14, 2011 Sheet 13 of 26 US 2011/0170075A1 

  



Patent Application Publication Jul. 14, 2011 Sheet 14 of 26 US 2011/0170075 A1 

PHOTO-ACID 
GENERATION ACID 

DIFFUSION 

1104 

FIG 11A 

PHOTO-ACD 
GENERATION ACD 

DIFFUSION 

1114 

FIG 11B 

  



Patent Application Publication Jul. 14, 2011 Sheet 15 of 26 US 2011/0170075A1 

  



US 2011/0170075 A1 Jul. 14, 2011 Sheet 16 of 26 Patent Application Publication 

0184-?) 009 

£8|| ‘5)|–| (OES) EWIL 007003 

(ETVOS NI) 
0!’0 ||-||HS TWOIWEHO 

N? EISON WHO % 

00" | 

(OBS) BWLL 009 009 007 008 00Z 00|| 

0 



US 2011/0170075A1 Jul. 14, 2011 Sheet 17 of 26 Patent Application Publication 

(uuu 992) EKONWEHOS8V/ 



US 2011/0170075A1 Jul. 14, 2011 Sheet 18 of 26 Patent Application Publication 

9" | 

(uuu 99Z) HONV/EHOSE\/ 

0" | 

(uuu 99Z) EKONWETHOSEW 

  



US 2011/0170075A1 Jul. 14, 2011 Sheet 19 of 26 Patent Application Publication 

O'0 

(uuu 992) BONV/EHOS8V 
W L-LING 

009|| 

(uuu 992) BONV/EHOSEW 



US 2011/0170075A1 Jul. 14, 2011 Sheet 20 of 26 Patent Application Publication 

(NIW)EWIL NOILNE LEH 
0'9 | 0°Z|| 0'8 0'#7 

029||| | | | | | | L-LING 

(uuu 893) EON\/8HOSEW 

  



US 2011/0170075A1 Jul. 14, 2011 Sheet 21 of 26 Patent Application Publication 

(BILDNIW)EWIL 9 |0||G 
LNBATOS (JWC) 

0 
9 

(uu OSZ) BONV8|HOSSIV/ 

(ELIINIW)?WIL 9 |0||G 
LNBATOS - WG 

0 
9 

(uu Oºz) BONV/EHOS&W 

  



US 2011/0170075A1 Jul. 14, 2011 Sheet 22 of 26 Patent Application Publication 

NALINNALINNALINNIN 

cHOTEL/ABC] 
90/ | 

90/| Z0/ | 

  

  

  



US 2011/0170075A1 Jul. 14, 2011 Sheet 23 of 26 Patent Application Publication 

F.G. 17B 

  



Patent Application Publication Jul. 14, 2011 Sheet 24 of 26 US 2011/0170075A1 

NYNNYNYYYYYYY EXPOSURE NY, NY, NY, NY, NY 
umb 

DEVELOP 

DIPPING 

18O3 

- - - - PHOTORESST STRIPNG saans 
FIG. 18A 

  



Patent Application Publication Jul. 14, 2011 Sheet 25 of 26 US 2011/0170075A1 

F.G. 18B 

  



Patent Application Publication Jul. 14, 2011 Sheet 26 of 26 US 2011/0170075A1 

F.G. 19 

  



US 2011/01 70075 A1 

DEVICE FOR CHEMICAL AND 
BOCHEMICAL REACTIONS USING 
PHOTO-GENERATED REAGENTS 

0001. This application claims the benefit of U.S. Provi 
sional Application No. 60/074,368, filed on Feb. 11, 1998. 

BACKGROUND OF THE INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates to the field of chemical 
and biochemical reactions. More specifically, the present 
invention relates to parallel synthesis and assay of a plurality 
of organic and bio-organic molecules on a Substrate Surface in 
accordance with a predetermined spatial distribution pattern. 
Methods and apparatus of the present invention are useful for 
preparing and assaying very-large-scale arrays of DNA and 
RNA oligonucleotides, peptides, oligosacchrides, phospho 
lipids and other biopolymers and biological samples on a 
Substrate Surface. 
0004 2. Description of the Related Art 
0005 Development of modern medicine, agriculture, and 
materials imposes enormous demands on technological and 
methodological progress to accelerate sample screening in 
chemical and biological analysis. Development of parallel 
processes on a micro-scale is critical to the progress. Many 
advances have been made in this area using parallel synthesis, 
robotic spotting, inkjet printing, and microfluidics (Marshall 
et al., Nature Biotech. 16, 27-31 (1998)). Continued efforts 
are sought for more reliable, flexible, faster, and inexpensive 
technologies. 
0006 For high-throughput screening applications, a 
promising approach is the use of molecular microarray 
(MMA) chips, specifically biochips containing high-density 
arrays of biopolymers immobilized on solid surfaces. These 
biochips are becoming powerful tools for exploring molecu 
lar genetic and sequence information (Marshall et al., Nature 
Biotech. 16, 27-31 (1998) and Ramsay, Nature Biotech. 16, 
40-44 (1998)). Target molecules have been hybridized to 
DNA oligonucleotides and cDNA probes on biochips for 
determining nucleotide sequences, probing multiplex inter 
actions of nucleic acids, identifying gene mutations, moni 
toring gene expression, and detecting pathogens. Schena, et 
al., Science 270, 467-460 (1995); Lockhart et al., Nature 
Biotech. 14, 1675-1680; Weiler, Nucleic Acids Res. 25, 2792 
2799 (1997); de Saizieu et al., Nature Biotech. 16, 45-48: 
Drmanc et al., Nature Biotech. 16, 54-58. The continued 
development of biochip technology will have a significant 
impact on the fields of biology, medicine, and clinical diag 
nosis. 
0007 Prior art biochip-fabrication includes direct on-chip 
synthesis (making several sequences at a time) using inkjets, 
direct on-chip parallel synthesis (making the whole array of 
sequences simultaneously) using photolithography, and 
immobilization of a library of pre-synthesized molecules 
using robotic spotting (Ramsay, Nature Biotech. 16, 40-44 
(1998)). Light-directed on-chip parallel synthesis has been 
used in the fabrication of very-large-scale oligonucleotide 
arrays with up to one million sequences on a single chip. 
0008 Two major methods have been disclosed: synthesis 
using photolabile-group protected monomers (Pirrung et al., 
U.S. Pat. No. 5,143,854 (1992); Fodor et al., U.S. Pat. No. 
5,424,186 (1995)) and synthesis using chemical amplifica 
tion chemistry (Beecher et al., PCT Publication No. WO 
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98/20967 (1997)). Both methods involve repetitive steps of 
deprotection, monomer coupling, oxidation, and capping. 
Photomasks are used to achieve selective light exposure in 
predetermined areas of a Solid Substrate Surface, on which 
oligonucleotide arrays are synthesized. 
0009 For the synthesis process involving photolabile-pro 
tecting groups, the photolabile-protecting groups are cleaved 
from growing oligonucleotide molecules in illuminated Sur 
face areas while in non-illuminated Surface areas the protect 
ing groups on oligonucleotide molecules are not affected. The 
Substrate Surface is Subsequently contacted with a solution 
containing monomers having a unprotected first reactive cen 
ter and a second reactive center protected by a photolabile 
protecting group. In the illuminated Surface areas, monomers 
couple via the unprotected first reactive center with the depro 
tected oligonucleotide molecules. However, in the non-illu 
minated Surface areas oligonucleotides remain protected with 
the photolabile-protecting groups and, therefore, no coupling 
reaction takes place. The resulting oligonucleotide molecules 
after the coupling are protected by photolabile protecting 
groups on the second reactive center of the monomer. There 
fore, one can continue the above photo-activated chain propa 
gation reaction until all desired oligonucleotides are synthe 
sized. 
0010 For the synthesis process involving chemical ampli 
fication chemistry, a planer Substrate Surface is linked with 
oligonucleotide molecules (through appropriate linkers) and 
is coated with a thin (a few micrometers) polymer or photo 
resist layer on top of the oligonucleotide molecules. The free 
end of each oligonucleotide molecule is protected with an 
acid labile group. The polymer/photoresist layer contains a 
photo-acid precursor and an ester (an enhancer), which, in the 
presence of H, dissociates and forms an acid. During a 
synthesis process, acids are produced in illuminated Surface 
areas within the polymer/photoresist layer and acid-labile 
protecting groups on the ends of the oligonucleotide mol 
ecules are cleaved. The polymer/photoresist layer is then 
stripped using a solvent or a stripping solution to expose the 
oligonucleotide molecules below. The substrate surface is 
then contacted with a solution containing monomers having a 
reactive center protected by an acid-labile protecting group. 
The monomers couple via the unprotected first reactive center 
only with the deprotected oligonucleotide molecules in the 
illuminated areas. In the non-illuminated areas, oligonucle 
otide molecules still have their protection groups on and, 
therefore, do not participate in coupling reaction. The Sub 
strate is then coated with a photo-acid-precursor containing 
polymer/photoresist again. The illumination, deprotection, 
coupling, and polymer/photoresist coating steps are repeated 
until desired oligonucleotides are obtained. 
0011. There are significant drawbacks in the method 
involving photolabile-protecting groups: (a) the chemistry 
used is non-conventional and the entire process is extremely 
complicated; and (b) the technique suffer from low sequence 
fidelity due to chemistry complications. 
0012. The method of using chemical amplification chem 
istry has its limitations as well: (a) The method requires 
application of a polymer/photoresist layer and is not suitable 
for reactions performed in solutions routinely used in chemi 
cal and biochemical reactions since there is no measure pro 
vided for separating sites of reaction on a Solid Surface. (b) In 
certain circumstances, destructive chemical conditions 
required for pre- and post-heating and stripping the polymer/ 
photoresist layer cause the decomposition of oligonucle 
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otides on Solid Surfaces. (c) The entire process is labor inten 
sive and difficult to automate due to the requirement for many 
cycles (up to 80 cycles if 20-mers are synthesized) of pho 
toresist coating, heating, alignment, light exposure and strip 
ping. (d) The method is not applicable to a broad range of 
biochemical reactions or biological samples to which a 
photo-generated reagent is applied since embedding of bio 
logical samples in a polymer/photoresist layer may be pro 
hibitive. 
0013 Additional limitations are linked to the use of pho 
tomasks in the above two methods: (a) Setup for making a 
new chip is very expensive due to a large number of photo 
masks that have to be made. (b) Photolithography equipment 
is expensive and, therefore, can not be accessed by many 
interested users. (c) Photolithography processes have to be 
conducted in an expensive cleanroom facility and require 
trained technical personnel. (d) The entire process is compli 
cated and difficult to automate. These limitations undermine 
the applications of oligonucleotide chips and the develop 
ment of the various MMA-chips. 
0014. Therefore, there is a genuine need for the develop 
ment of chemical methods and synthesis apparatus that are 
simple, versatile, cost-effective, easy to operate, and that can 
afford molecular arrays of improved purity. 

SUMMARY OF THE INVENTION 

0015 The present invention provides methods and appa 
ratus for performing chemical and biochemical reactions in 
Solution using in situ generated photo-products as reagents or 
co-reagents. These reactions are controlled by irradiation, 
such as with UV or visible light. Unless otherwise indicated, 
all reactions described herein occur in solutions of at least one 
common solvent or a mixture of more than one solvent. The 
Solvent can be any conventional Solvent traditionally 
employed in the chemical reaction, including but not limited 
to such solvents as CHCl, CHCN, toluene, hexane, 
CH-OH, H2O, and/or an aqueous Solution containing at least 
one added solute, Such as NaCl, MgCl, phosphate salts, etc. 
The solution is contained within defined areas on a solid 
Surface containing an array of reaction sites. Upon applying a 
Solution containing at least one photo-generated reagent 
(PGR) precursor (compounds that form at least one interme 
diate or product upon irradiation) on the Solid Surface, fol 
lowed by projecting a light pattern through a digital display 
projector onto the solid surface, PGR forms at illuminated 
sites; no reaction occurs at dark (i.e., non-illuminated) sites. 
PGR modifies reaction conditions and may undergo further 
reactions in its confined area as desired. Therefore, in the 
presence of at least one photo-generated reagent (PGR), at 
least one step of a multi-step reaction at a specific site on the 
Solid Surface may be controlled by radiation, such as light, 
irradiation. Hence, the present invention has great potential in 
the applications of parallel reactions, wherein at each step of 
the reaction only selected sites in a matrix or array of sites are 
allowed to react. 
0016. The present invention also provides an apparatus for 
performing the light controlled reactions described above. 
One of the applications of the instrument is to control reac 
tions on a solid Surface containing a plurality of isolated 
reaction sites, such as wells (the reactor). Light patterns for 
effecting the reactions are generated using a computer and a 
digital optical projector (the optical module). Patterned light 
is projected onto specific sites on the reactor, where light 
controlled reactions occur. 
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0017. One of the applications of the present invention 
provides in situ generation of chemical/biochemical reagents 
that are used in the Subsequent chemical and biochemical 
reactions in certain selected sites among the many possible 
sites present. One aspect of the invention is to change Solution 
pH by photo-generation of acids or bases in a controlled 
fashion. The pH conditions of selected samples can be con 
trolled by the amount of photo-generated acids or bases 
present. The changes in pH conditions effect chemical or 
biochemical reactions, such as by activating enzymes and 
inducing couplings and cross-linking through covalent or 
non-covalent bond formation between ligand molecules and 
their corresponding receptors. 
0018. In other aspects of the present invention, photo 
generated reagents themselves act as binding molecules that 
can interact with other molecules in Solution. The concentra 
tion of the binding molecules is determined by the dose of 
light irradiation and, thus, the ligand binding affinity and 
specificity in more than one system can be examined in par 
allel. Therefore, the method and apparatus of the present 
invention permits investigating and/or monitoring multiple 
processes simultaneously and high-throughput screening of 
chemical, biochemical, and biological samples. 
0019. Another important aspect of the present invention is 
parallel synthesis of biopolymers, such, as oligonucleotides 
and peptides, wherein the method and instrument of the 
present invention are used for selective deprotection or cou 
pling reactions. These reactions permit controlled fabrication 
of diverse biopolymers on solid surfaces. These molecular 
microarray chips (MMA-chips) are used in a wide range of 
fields, such as functional genomics, diagnosis, therapeutics 
and genetic agriculture and for detecting and analyzing gene 
sequences and their interactions with other molecules, such as 
antibiotics, antitumor agents, oligosacchrides, and proteins. 
These and other aspects demonstrate features and advantages 
of the present invention. Further details are made clear by 
reference to the remaining portions of the specification and 
the attached drawings. 
0020. The method of the present invention represents fun 
damental improvements compared to the method of prior arts 
for parallel synthesis of DNA oligonucleotide arrays (Pirrung 
et al., U.S. Pat. No. 5,143,854 (1992); Fodor et al., U.S. Pat. 
No. 5,424,186 (1995); Beecher et al., PCT Publication No. 
WO98/20967 (1997)). The present invention advantageously 
employs existing chemistry, replacing at least one of the 
reagents in a reaction with a photo-reagent precursor. There 
fore, unlike methods of the prior art, which require monomers 
containing photolabile protecting groups or a polymeric coat 
ing layer as the reaction medium, the present method uses 
monomers of conventional chemistry and requires minimal 
variation of the conventional synthetic chemistry and proto 
cols. 
0021. The improvements made possible by the present 
invention have significant consequences: (a) The synthesis of 
sequence arrays using the method of the present invention can 
be easily integrated into an automated DNA/RNA synthe 
sizer, so that the process of the present invention is much 
simpler and costs much less. (b) Conventional chemistry 
adopted by the present invention routinely achieves better 
than 98% yield per step synthesis of oligonucleotides, which 
is far better than the 85-95% yield obtained by the previous 
method of using photolabile protecting groups. Pirrung et al., 
J. Org. Chem. 60, 6270-6276, (1995); McCall et al., J. Am. 
Chem. Soc. 119,5081-5090 (1997); McCallet al., Proc. Natl. 
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Acad. Sci. USA93, 13555-13560 (1996). The improved step 
wise yield is critical for synthesizing high-quality oligonucle 
otide arrays for diagnostic and clinical applications. (c)Yield 
of photo-generated products (PGR) is not a major concern in 
the method of the present invention in contrast to that of the 
prior art method on incomplete deprotection on photolabile 
protecting groups. (d) The synthesis process of the present 
invention can be monitored using conventional chemistry for 
quality control; this is not possible using the methods of the 
prior art. (e) The method of the present invention is easily 
expandable to the synthesis of other types of molecular 
microarrays. Such as oligonucleotides containing modified 
residues, 3'-oligonucleotides (as opposed to 5'-oligonucle 
otides obtained in a normal synthesis), peptides, oligosac 
chrides, combinatory organic molecules, and the like. These 
undertakings would be an insurmountable task using prior art 
techniques requiring monomers containing photolabile-pro 
tecting groups. The prior art methods require development of 
new synthetic procedures for each monomer type. In the 
present invention, modified residues and various monomers 
that are commercially available can be employed. (f) The 
present invention can be applied to all types of reactions and 
is not limited to polymeric reaction media as is the prior art 
method using chemical amplification reactions. (g) Addition 
ally, the reaction time for each step of synthesis using the 
conventional oligonucleotide chemistry (5 min. per step) is 
much shorter than methods using photolabile blocked mono 
mers (>15 min. per step). 
0022 Optical patterning in prior art biochip fabrication 
uses standard photomask-based lithography tools, Karl et al., 
U.S. Pat. No. 5,593,839 (1997). In general, the number and 
pattern complexity of the masks increase as the length and 
variety of oligomers increase. For example, 4x12–48 masks 
are required to synthesize a Subset of dodecanucleotides, and 
this number may be larger depending on the choice of custom 
chip. To make a new set of sequences, a new set of masks have 
to be prepared. More critical is the high precision alignment 
(on the order of <10 um resolution) of the successive photo 
masks, a task that is impossible to achieve without specialized 
equipment and technical expertise. The technology is only 
semi-automatic and the method is clearly inflexible and 
expensive. In addition, the photomask-fabrication process 
requires expensive cleanroom facilities and demands special 
technical expertise in microelectronic fields. Therefore, the 
entire chip-fabrication process is inaccessible to most in the 
research community. 
0023 The present invention replaces the photomasks with 
a computer-controlled spatial optical modulator so that light 
patterns for photolithography can be generated by a computer 
in the same way as it displays black-and-white images on a 
computer Screen. This modification provides maximum flex 
ibility for synthesizing any desirable sequence array and sim 
plifies the fabrication process by eliminating the need for 
performing mask alignment as in the conventional photoli 
thography, which is time consuming and prone to alignment 
errors. In addition, both the optical system and the reactor 
system of the present invention are compact and can be inte 
grated into one desktop enclosure. Such an instrument can be 
fully controlled by a personal computer so that any bench 
chemists can make biochips of their own sequence design in 
a way that is similar to bio-oligomer synthesis using a syn 
thesizer. Moreover, the instrument can be operated in any 
standard chemical lab without the need for a cleanroom. The 
present invention can also be easily adopted to streamline 
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production of large quantities of standard biochips or a fixed 
number of specialized biochips by automated production 
lines. Obviously, the cost of making biochips can be signifi 
cantly reduced by the method and apparatus of the present 
invention and, therefore, the accessibility of the biochip tech 
nology to research and biomedical communities can be sig 
nificantly increased. 
0024. Most importantly, the method of the present inven 
tion using photo-generated reagents in combination with a 
computer-controlled spatial optical modulator makes MMA 
chip fabrication a routine process, overcoming limitations of 
the prior art methods. 

BRIEF DESCRIPTION OF THE DRAWING 

0025 FIG. 1 is a drawing of oligonucleotide synthesis 
using photo-generated acids. L-linker group; Pi—acid-la 
bile protecting group; H photo-generated acid;T, A, C, and 
G—nucleotide phosphoramidite monomers; hv—light expo 
SUC. 

0026 FIG. 2 is a drawing of the deprotection process using 
photo-generated acids in oligonucleotide synthesis. 
0027 FIG. 3 is a drawing of oligonucleotide synthesis 
using photo-generated reagents. The process is the same as 
shown in FIG. 1 except that a photo-generated activator, Such 
as dimethoxybenzoinyltetrazole, is used, while the deprotec 
tion step is accomplished using a conventional acid. 
0028 FIG. 4 is a drawing of amino acid deprotection using 
photo-generated acids or photo-generated bases. 
Boc-butyloxylcarbonyl: 
Fmoc-fluoroenylmethyloxycarbonyl. 
0029 FIG.5 is a drawing of peptide synthesis using photo 
generated acids. L-linker group; Pi—acid-labile protecting 
group; F, Q, D. Y. S., and A representative Boc-protected 
amino acids; hv—light exposure. 
0030 FIG. 6 is a drawing of peptide synthesis using photo 
generated bases. L-linker group; P base-labile protecting 
group; F, Q, D. Y. S. and A representative Fmoc-protected 
amino acids; hv—light exposure. 
0031 FIG. 7 is a drawing of carbohydrate synthesis using 
both photo-generated acids and photo-generated bases at 
various of reaction steps. 
0032 FIG. 8A is a schematic illustration of the synthesis 
apparatus using a micromirror array modulator. 
0033 FIG. 8B is a schematic illustration of the synthesis 
apparatus using a reflective LCD array modulator. 
0034 FIG. 8C is a schematic illustration of the synthesis 
apparatus using a transmissive LCD array modulator. 
0035 FIG. 9A illustrates an isolation mechanism using 
microwell structures on a back cover. 
0036 FIG. 9B illustrates an isolation mechanism using 
microwell structures on a Substrate. 
0037 FIG. 9C illustrates an isolation mechanism using a 
patterned non-wetting film on a substrate. 
0038 FIG. 10 is an exploded schematic of a reactor car 
tridge and an enlarged view of reaction-wells. 
0039 FIG. 11A is a schematic illustration of the deprotec 
tion reaction in a partially masked reaction-well. 
0040 FIG. 11B is a schematic illustration of the deprotec 
tion reaction with a reaction-well being partially exposed. 
0041 FIG. 12 illustrates a stepping mechanism for paral 
lel synthesis of a plurality of arrays. 
0042 FIG. 13 is a plot of HO' chemical shift (ppm) versus 
light irradiation time (min) measured from a sample contain 
ing a photo-acid precursor. 
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0043 FIG. 14 shows the HPLC profiles of DNA (FIG. 
14A) and RNA (FIG. 14B) nucleosides deprotected using a 
photo-generated acid. 
0044 FIG. 15 shows the HPLC profiles of DNA oligomers 
synthesized using a photo-generated acid. 
004.5 FIG. 16 shows the HPLC profiles of an amino acid 
deprotected using a photo-generated acid. 
0046 FIG. 17A illustrates a fabrication process for mak 
ing microwells on a flat Substrate. 
0047 FIG. 17B is an enlarged photograph of microwells 
on a glass Substrate. 
0048 FIG. 18A illustrates a fabrication process for mak 
ing a non-wetting-film pattern on a flat Substrate. 
0049 FIG. 18B is an enlarged photograph of methanol 
droplets formed on a glass Surface containing non-wetting 
film patterns. 
0050 FIG. 19 is a fluorescence image of fluorescein 
tagged thymine grown on a non-wetting film patterned glass 
plate. 

DETAILED DESCRIPTION OF THE INVENTION 

Method for Chemical/Biochemical Reactions. Using 
Photo-Generated Reagents (PGR) 

0051. The present invention provides a method for solu 
tion based photochemical reactions involving reagents gen 
erated in situ by irradiation. A conventional chemical/bio 
chemical reaction occurs between at least one reactant 
(generically denoted as 'A') and at least one reagent (generi 
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cally denoted as “R”) to give at least one product as depicted 
below: 

The present invention is to provide reaction conditions that 
are controlled by irradiation with light. Mainly, the R in the 
reaction above is photo-generated. The photo-generated 
reagent (PGR) functions the same as a reagent conventionally 
used and, thus, the reaction proceeds in an otherwise conven 
tional way. The overall photo-controlled reaction is depicted 
below. 

h 
(PGR Precursor) - Y - R 
A -- R -- A' | R' 

0052. In some embodiments of the present invention, PGR 
precursors (Table 1) are photo-generated acid precursors that 
yield H" in the form of R, COH, RPOH, RSOH, HX 
(R—H, alkyl (C-C), aryl (aromatic structures containing 
phenyl), O their substituted derivatives 
(substitutions=halogen atoms, NO, CN, OH, CF, C(O)H, 
C(O)CH, C(O)R., SOCH, SOR, OCH, OR, NH, 
NHR, NRR (R and R-alkyl or aryl (C-C)); 
X halogen atoms, inorganic salt ions) or the like. Photo 
generated acids are also complexes, such as MX (Lewis 
acids, mand n are number of atoms) formed upon irradiation. 
In other embodiments of the present invention, PGR precur 
sors (Table 1) are photo-generated base precursors that yield 
a base, such as an amine, an oxide or the like, upon irradiation. 

TABLE 1A 

Examples of Photo-Generated Reagent Precursors and Their Products 

Photo-Reagent 
Precursor 

diazonium salts 
N 

ex 
R 

Chemical Structure 
Reagent 
Generated 

NX B(R), Al(R) 

X = B(R), Al(R) (R1 = halogen); R = H, halogen, 
NO, CN, SORs, OH, OCH SCH, CFs, ORs, 
SRs, CH, t-butyl, C-C2-alkyl, aryland their 
Substituted derivatives, NH2, HNRs, N(Rs), 

(Rs = C-C2-alkyl, aryland their Substituted derivatives'); 
COR (R = H, NH2, HNRs, ORs, C-C2-alkyl, aryland 

their derivatives). Rand R16 each can be the same or 
different each time they appear in the formula. 

perhalomethyl R N 
triazines 

N CX HX 

X = halogen, R = methyl, phenyl, C-C2-alkyl, aryl 
and their substituted derivatives. 

halobisphenylA 

X ( ) 
HX 

( ) X 
X = halogen 
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TABLE 1 A-continued 

Examples of Photo-Generated Reagent Precursors and Their Products 

Photo-Reagent 
Precursor Chemical Structure 

o-nitrobenzaldehyde CHO 

NO 

Sulfonates OSOR 

14 
ROSO-I Nux 

OSOR 
R = CH3, CF, Ph, C-C2-alkyl, aryland 

their substituted derivatives. 

imidylsulfonyl O O O 
esters 

N-OSOR ROSO-N N-OSOR 

O O O 
O O 

C. -OSOR C -OSOR 
O O 

R = CH3, CF, Ph, or C-C2-alkyl, aryland 
their substituted derivatives. 

diaryliodonium X X 
salts N N N N 

R-H --R R -H --R 
2 2 2 21 
X = B(R), Al(R) (R = halogen); R = H, halogen, NO2, CN, 

SO-Rs, OH, OCH SCH, CF3, ORs, SRs, CH, t-butyl, C-C2-alkyl, 
aryland their substituted derivatives. NH2, HNRs, N(Rs), (Rs = 
C—C2-alkyl, aryland their Substituted derivatives); COR (R = 
H, NH2, HNRs, ORs, C-C2-alkyl, aryland their derivatives). R 
and R16 each can be the same or different each time they appear 

in the formula. 
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Reagent 
Generated 

CO2H 

NO 

RSOH 

RSOH 
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TABLE 1 A-continued 

Examples of Photo-Generated Reagent Precursors and Their Products 

Photo-Reagent Reagent 
Precursor Chemical Structure Generated 

Sulfonium salts n 21 OH HX, BF 

R-t 21 N --R, 
-- N 

S X R -H 
21 21 

-HR, -- yr 
N 1SN 

N Y 21 

R- --R, 
4Ns. 1s 

X X 

21 21 
-HR, -HR, 

N S. 

S. 
X 

X = B(R), Al(R) (R1 = halogen); R = H, halogen, NO2, CN, 
SO-Rs, OH, OCH SCH, CF3, ORs, SRs, CH, t-butyl, C-C2-alkyl, 

aryland their substituted derivatives, NH, HNRs, N(Rs), (Rs = 
C—C2-alkyl, aryland their Substituted derivatives); COR (R = 
H, NH2, HNRs, ORs, C-C2-alkyl, aryland their derivatives). R 
and R16 each can be the same or different each time they appear 

in the formula. Y = O, S. 

diazosulfonate R RSOH 
RPhSOH 

X \ 

R = phenyl, CH, CF, C-C2-alkyl, aryland their Substituted 
derivatives, R = H, halogen, NO2, CN, SORs, OH, OCH SCH, 

CF, ORs, SRs, CH, t-butyl, C-C2-alkyl, aryland their substituted 
derivatives. NH2, HNRs, N(Rs), (Rs = C-C2-alkyl, aryland their 

Substituted derivatives); COR (R = H, NH2, HNRs, ORs, C-C2-alkyl, 
aryland their derivatives). Rand R16 each can be the 
same or different each time they appear in the formula. 

diarylsulfones o 

o M SOH 
M S / / & X-| ( ), R-K 

R = H, halogen, NO, CN, SORs, OH, OCH SCH, CF, ORs, 
SRs, CH, t-butyl, C-C2-alkyl, aryland their substituted 

derivatives, NH2, HNRs, N(Rs), (Rs = C-C2-alkyl, aryland their 
Substituted derivatives); COR (R = H, NH2, HNRs, ORs, C-C2-alkyl, 

aryland their derivatives). RandR each can be the 
same or different each time they appear in the formula. 
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TABLE 1 A-continued 

Examples of Photo-Generated Reagent Precursors and Their Products 

Photo-Reagent Reagent 
Precursor Chemical Structure Generated 

1,2-diazoketones O O 

N R 
R HO 

R R 
R, R1 = H, halogen, NO2, CN, SORs, OH, OCH SCH, CF, ORs, 

SRs, CH, t-butyl, C-C2-alkyl, aryland their substituted 
derivatives, NH2, HNRs, N(Rs), (Rs = C-C2-alkyl, aryland their 

Substituted derivatives); COR (R = H, NH2, HNRs, ORs, C-C2-alkyl, 
aryland their derivatives). Rand R16 each can be the 

same or different each time they appear in the formula. R, R can 
be the same or different, or can be connected through covalent 
bonds. R, R = aryl, alkyl, and their substituted derivatives. 

examples of O CO2H 
diazoketones: 2 
diazo-1-oxo-5- N 

sulfonyl or 2-diazo 
1-oxo-4-sulfonyl 
naphthanol esters 

R R 
R, R2 = H, SO2R (R = C-C2-alkyl, aryl, and their substituted derivatives). 

Ra O 
CH3 

Ra 
Ra Ra 

CH 
Ra 

O O 

NH N 

O 

Ra = i. i. 
O O 

1. 1. 

examples of O 
diazoketones: CO 

diazomethylketone CHN 

examples of N 
diazoketones: diazo 

Meldrums' acid O O O O 

"x" 



US 2011/01 70075 A1 

Photo-Reagent 
Precursor 

arylazide derivatives 

arylazide derivatives 

benzocarbonates or 
carbamates 

dimethoxybenzoinyl 
carbonates or 
carbamates 

o-nitrobenzyloxy 
carbonates or carbamates 

nitrobenzenesulphenyl 

TABLE 1 A-continued 

Examples of Photo-Generated Reagent Precursors and Their Products 

Chemical Structure 

N CHRCOR 

R = C-C2-alkyl, aryl, and their substituted derivatives; R = H, 
C—C2-alkyl, aryl, and their substituted derivatives. 

N CHRCOR 

R = NR2R (R2, R = H, C-C2-alkyl, aryl, and their Substituted 
derivatives), R = H, C, C2-alkyl, aryl, and their Substituted derivatives. 

O 

CH 
R = NR, R2 (R, R2 = H, C-C2-alkyl, aryland their Substituted 
derivatives), C-C2-alkyl, aryland their substituted derivatives. 

MeO OMe 

R = NR,R (R, R = H, C, C2-alkyl, aryl and their substituted 
derivatives), C-C2-alkyl, aryland their substituted derivatives; 

R, R2 = H, C-C2-alkyl, COPh, aryland their Substituted derivatives. 

NO 

R/FQ R3 SC R4 

x / R1W OR 
R = CORs (Rs = CF, OR, NH2, HNR, CI—C2-alkyl, aryland their 

derivatives (R = H, C1-C3-alkyl, aryland their substituted 
derivatives)), SORs, PORs, CONRR-7 (R-7 = H, C-C-alkyl, 

aryland their substituted derivatives), R, R2 = H, halogen, NO2, CN, 
SO-Rs, OH, OCH, OR, N(R)2 (R = C1-C3-alkyl, aryland their 
Substituted derivatives); CH3, t-butyl, C-C2-alkyl, aryland their 
Substituted derivatives; R, R = H, C, C2-alkyl, aryl, and their 

Substituted derivatives 

ON S 

OC(O)R 

NO 
R = CF, NRR- (R, R = H, C-C-alkyl, aryl and their substituted 

derivatives), C-C2-alkyl, aryland their derivatives. 
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Reagent 
Generated 

RCOH 
O 

HNCR 

HNRR 

RCOH 
O 

HNRR, 

RCOH 
O 

HNRR 

RCO2H 
RPOH 
RSOH 
CFSOH 

O 

HNRR, 

RCOH 
O 

HNRR, 
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TABLE 1 A-continued 

Examples of Photo-Generated Reagent Precursors and Their Products 

Jul. 14, 2011 

Photo-Reagent Reagent 
Precursor Chemical Structure Generated 

o-nitroanilines R RCOH 
R O 
3 HNRRs 

R N 

C(O)R 

NO2 
R = CF, NRRs (R, R = H, C-C2-alkyl, aryland their Substituted 

derivatives), alkyl, aryland their derivatives; R, R2 = H, halogen, 
NO2, CN, SO2R1, OH, OCH, OR, N(R)2, CH, t-butyl, C-C2-alkyl, 

aryland their Substituted derivatives; R = H, C, C2-alkyl, 
aryland their substituted derivatives 

TABLE 1B 

Examples of Radiation Sensitizers for PGR Reactions 

photosensitizer 

c3 c5 cro Co 
Photosensitizers include but not limited to the following: 

benzophenone, acetophenone, benzoinyl C-C2-alkyl ethers, 
benzoyl triphenylphosphine oxide, anthracene, thioxanthone, 
chlorothioxanthones, pyrene, Ru' complexes, their various 

substituted derivatives, and the like. 

TABLE 1C 

Examples of Stabilizers for PGR Reactions 

SH 

“Y” C O 
O 

R-H stabilizers include but not limited to the following: propylene 
carbonate, propylene glycol ethers, t-butane, t-butanol, thiols, 

cyclohexene, their substituted derivatives and the like. 

stabilizer OCH 

-N 
OCH 

0053 ''Substituted derivatives contain at least one of the 
Substituent groups, which include but not limited to halogen, 
NO, CN, OH, SH, CF, C(O)H, C(O)CH, C-C-acyl, 
SOCH, C-C SOR, OCH SCH, C-C OR, 
C-C SR, NH, C-C NHR, C-C N(R) 
(R-alkyl, can be the same or different each time they appear 
in the formula). 
0054. In some embodiments of the present invention, PGR 
precursors are used in combination with co-reagents, such as 
radiation sensitizers. One specific example is the use of pho 
tosensitizers, which are compounds of lower excitation ener 
gies than the PGR used. Irradiation excites photosensitizers, 
which in turn initiate conversion of PGR precursors to give 

PGR. The effect of the photosensitizer is to shift the excitation 
wavelength used in photochemical reactions and to enhance 
the efficiency of the formation of photo-generated reagents. 
Accordingly, in one embodiment, the present invention 
makes use of, but is not limited to, photosensitizers as co 
reagents in PGR reactions. Many radiation sensitizers are 
known to those skilled in the art and include those previously 
mentioned. It is to be understood that one of ordinary skills in 
the art will be able to readily identify additional radiation 
sensitizers based upon the present disclosure. 
0055. In preferred embodiments of the present invention, 
the substrate surface is solid and substantially flat. As non 
limiting examples, the Substrate can be a type of silicate. Such 
as glass, Pyrex or quartz, a type of polymeric material. Such as 
polypropylene or polyethylene, and the like. The substrate 
surfaces are fabricated and derivatized for applications of the 
present invention. 

Photo-Generated Acid (PGA) Deprotection and 
Oligonucleotide Synthesis 

0056. According to one embodiment of the present inven 
tion (FIGS. 1 and 2), linker molecules are attached to a sub 
strate Surface on which oligonucleotide sequence arrays are 
to be synthesized (the linker is an “initiation moiety', a term 
also broadly including monomers or oligomers on which 
another monomer can be added). The methods for synthesis 
of oligonucleotides are known, McBride et al., Tetrahedron 
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Letter 24, 245-248 (1983). Each linker molecule contains a 
reactive functional group, such as 5'-OH, protected by an 
acid-labile protecting group 100. Next, a photo-acid precur 
sor or a photo-acid precursor and its photosensitizer (Table 1) 
are applied to the Substrate. A predetermined light pattern is 
then projected onto the substrate surface 110. Acids are pro 
duced at the illuminated sites, causing cleavage of the acid 
labile protecting group (such as DMT) from the 5'-OH, and 
the terminal OH groups are free to react with incoming mono 
mers (FIG. 2. “monomers' as used hereafter are broadly 
defined as chemical entities, which, as defined by chemical 
structures, may be monomers or oligomers or their deriva 
tives). No acid is produced at the dark (i.e. non-illuminated 
sites) and, therefore, the acid labile protecting groups of the 
linker molecules remain intact (a method of preventing H' 
diffusion between adjacent sites will be described later). The 
Substrate Surface is then washed and Subsequently contacted 
with the first monomer (e.g., a nucleophosphoramidite, a 
nucleophosphonate or an analog compound which is capable 
of chain growing), which adds only to the deprotected linker 
molecules under conventional coupling reaction conditions 
120. A chemical bond is thus formed between the OH groups 
of the linker molecules and an unprotected reactive site (e.g., 
phosphorus) of the monomers, for example, a phosphite link 
age. After proper washing, oxidation and capping steps, the 
addition of the first residue is complete. 
0057 The attached nucleotide monomer also contains a 
reactive functional terminal group protected by an acid-labile 
group. The Substrate containing the array of growing 
sequences is then Supplied with a second batch of a photo 
acid precursor and exposed to a second predetermined light 
pattern 130. The selected sequences are deprotected and the 
Substrate is washed and Subsequently supplied with the sec 
ond monomer. Again, the second monomer propagates the 
nascent oligomer only at the Surface sites that have been 
exposed to light. The second residue added to the growing 
sequences also contains a reactive functional terminal group 
protected by an acid-labile group 140. This chain propagation 
process is repeated until polymers of desired lengths and 
desired chemical sequences are formed at all selected Surface 
sites 150. For a chip containing an oligonucleotide array of 
any designated sequence pattern, the maximum number of 
reaction steps is 4xn, where n is the chain length and 4 is a 
constant for natural nucleotides. Arrays containing modified 
sequences may require more than 4xn steps. 

PGA Activated Coupling Reaction and 
Oligonucleotide Synthesis 

0058 According to another embodiment of the present 
invention (FIG. 3), a photo-activator precursor, Such as a 
compound containing tetrazole linked to a photolabile group, 
is used. Linker molecules are attached to a Substrate surface, 
on which oligonucleotide sequence arrays are to be synthe 
sized 300. Acid labile protection groups on linkers are depro 
tected 310. Next, a photo-activator precursor or a photo 
activator precursor and its photosensitizer (Table 1) are 
applied to the Substrate. A predetermined light pattern is then 
projected onto the substrate surface 320. At the illuminated 
sites, activator molecules are produced and monomers are 
coupled to the linker. At the non-illuminated sites, no activa 
tor molecules are produced and, therefore, no reaction occurs 
(a method of preventing activator diffusion between adjacent 
sites will be described later). After proper washing, oxidation 
and capping steps, the addition of the first residue is complete. 
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0059. The attached nucleotide monomer also contains a 
protected functional terminal group. The Substrate containing 
the array of growing sequences is then contacted with a sec 
ond batch of acid 330. Sequences are deprotected and the 
Substrate is washed and Subsequently contacted with the sec 
ond monomer. Again, the second monomer propagates only 
at the surface sites that have been exposed to light 340. This 
chain propagation process is repeated until polymers of 
desired lengths and chemical sequences are formed at all 
selected surface sites 350. 

Alternative Embodiments of Oligonucleotide 
Synthesis Using Photo-Generated Reagents 

0060. In some embodiments of the present invention, the 
appropriate monomers used in the coupling steps 120, 140, 
150,320,340 and 350 are nucleotide analogs. The reaction of 
these monomers proceeds as described in FIGS. 1 and 3 to 
give oligonucleotides containing modified residues. 
0061. In some embodiments of the present invention, the 
appropriate monomers used in the coupling steps 120, 140, 
150, 320, 340 and 350 are those containing an acid labile 
protecting group, such as DMT, at the 3'-OH position. The 
reaction of these monomers proceeds as described in FIGS. 1 
and 3 but with sequence grown in an opposite orientation 
compared to that using 5'-OH protected monomers. Such 
syntheses produce oligonucleotides containing a terminal 
3'-OH, which are of particular use as primers for in situ 
polymerase chain reactions (PCR). 

Photo-Generated Reagents and Photosensitizers 

0062. The use of PGR in the present invention permits 
chemical/biochemical reactions under conventional condi 
tions. The occurrence of the reaction is controlled, however, 
by in situ formation of at least one reagent upon irradiation. In 
Some embodiments, irradiation is from a light source emitting 
UV and visible light. Heat, IR and X-ray irradiation are also 
sources of irradiation. A PGR is produced by irradiation of a 
PGR precursor or a photosensitizer (which in turn transfers its 
energy to a PGR precursor). Chemical transformation occurs 
to yield at least one product (PGR), which is an intermediate 
or a stable compound. PGR is from part of the PGR precursor 
molecule dissociated from the parent structure or a rear 
ranged structure of the PGR precursor. PGR may be an acid, 
a base, a nucleophile, an electrophile, or other reagents of 
specific reactivities (Table 1). 
0063. In some embodiments of the present invention, 
improved reaction yields and/or Suppression of side reactions 
are achieved by pre-irradiation activation of at least one PGR 
before mixing with other reactants. Pre-irradiation activation 
allows time for active reaction intermediates, such as free 
radical species generated during irradiation, to diminish and 
for products, such as H", to reach a stable concentration. 
Improved reaction yields and/or Suppression of side reactions 
are also achieved if at least one suitable stabilizer is used. One 
example is to provide at least one reagent to reduce the life 
time of active reaction intermediates such as a free radical 
species generated during irradiation, and to provide a low 
energy source of hydrogen. This is illustrated by the follow 
ing reactions of generating H" from Sulfonium salts (ArS' 
X). 
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hV --a RH ArSTX -- ArS" + X + Aro - sit - 
ArSH + X + RAr -> ArS + HX + RAr 

0064. RH compounds in the above equation are stable and 
are good H donors. Examples of Such compounds include 
propylenecarbonate (one of the major components of UVI 
6974 and UVI 6990), t-butane, cyclohexene, and the like 
(Table 1C). 
0065. Photo-acid precursors within the scope of the 
present invention include any compound that produces PGA 
upon irradiation. Examples of Such compounds include dia 
Zoketones, triarylsulfonium, iodonium salts, o-nitrobenzy 
loxycarbonate compounds, triazine derivatives and the like. 
Representative examples of these compounds are illustrated 
in Table 1A. The table is compiled based on data found in 
following references: Stis et al., Liebigs Ann. Chem. 556, 
65-84 (1944); Hisashi Sugiyama et al., U.S. Pat. No. 5,158, 
885 (1997); Cameron et al., J. Am. Chem. Soc. 113, 4303 
4313 (1991); Fréchet, Pure & Appl. Chem. 64, 1239-1248 
(1992); Patchornik et al., J. Am. Chem. Soc. 92, 6333-6335 
(1970). 
0066 An example of a photo-acid precursor is triarylsul 
fonium hexafluoroantimonate derivatives (Dektar et al., J. 
Org. Chem. 53, 1835-1837 (1988); Welsh et al., J. Org. Chem. 
57,4179-4184 (1992); DeVoe et al., Advances in Photochem 
istry 17,313-355 (1992)). This compound belongs to a family 
of onium salts, which undergo photodecompositions, either 
directly or sensitized, to form free radical species and finally 
produce diarylsulfides and H (see above). 
0067. Another example of a photo-acid precursor is diaz 
onaphthoguionesulfonate triester ester, which produces 
indenecarboxylic acid upon UV irradiation at D-350 nm. The 
formation of the acid is due to a Wolff rearrangement through 
a carbene species to form a ketene intermediate and the Sub 
sequent hydration of ketene (Siis et al., Liebigs Ann. Chem. 
556, 65-84 (1944); Hisashi Sugiyama et al., U.S. Pat. No. 
5,158,885 (1997)). 

O cosio 
N 

Her 

R R R R 

DNQ indenecarboxylic acid 
photo-acid precursor photo-generated acid 

0068. These photolytic intermediates and products have 
been extensively used in cationic and radical catalyzed poly 
merizations for high-resolution microimaging photo 
lithograpy. 
0069. Photo-acid precursor compounds have been widely 
used for many years in printing and microelectronics indus 
tries as a component in photoresist formulations (Willson, in 
“Introduction to microlithography', Thompson et al. Eds. 
Am. Chem. Soc.: Washington D.C., (1994)). These reactions 
are, in general, fast (complete in a matter of seconds or min 

11 
Jul. 14, 2011 

utes), proceed under mild conditions (room temperature, neu 
tral Solution), and the solvents used in the photoreactions 
(haloalkanes, ketones, esters, ethers, toluene, and other protic 
or aprotic polar solvents) are compatible with oligonucleotide 
(McBride et al., Tetrahedron Letter 24, 245-248 (1983)) or 
other organic solution chemistry. Among the photo-generated 
acids listed in Table 1, selections are made for chemistry 
compatibility to minimize side reactions. The chemical prop 
erties, such as acidity of the photo-generated acids can be 
adjusted by different Substitution groups on the ring or chain 
moieties. For instance, the electronegative Sulfonate group in 
the indenecarboxylic acid formed helps to stabilize the nega 
tive charge on the carboxylic group attached to the same ring 
moiety to give an acid that effectively deprotects the 5'-O- 
DMT group (FIG. 2) in a way comparable to that of using the 
conventional trichloroacetic acid (TCA). In general, electron 
withdrawing groups, such as OSOR, NO, halogens, 
C(=O)R (R-aryl, alkyl, and their substituted derivatives, or 
XR (X—S.O., N.; R =aryl, alkyl, and their substituted deriva 
tives) increase the strength of the corresponding acids. Elec 
tron donating groups, such as OR (R aryl, alkyl, and their 
substituted derivatives), decrease the strength of the corre 
sponding acids. The availability of acids of different strengths 
provides a repertoire of reagents for a range of acid-catalyzed 
deprotection reactions. 
0070 Photo-base precursors within the scope of the 
present invention include any compound that produces PGB 
upon irradiation. Examples of Such compounds include 
o-benzocarhamates, benzoinylcarbamates, nitrobenzy 
loxyamine derivatives listed in Table 1, and the like. In gen 
eral, compounds containing amino groups protected by pho 
tolabile groups can release amines in quantitative yields. The 
photoproducts of these reactions, i.e., in situ generated amine 
compounds, are, in this invention, the basic reagents useful 
for further reactions. 
0071 Photo-reagent precursors within the scope of the 
present inversion include any compound that produces a 
reagent required by a chemical/biochemical reaction upon 
irradiation. Examples of Such compounds include 
1-(dimethoxylbenzoinyl)tetrazole (heterocyclic compound 
tetrazole is a PGR), dimethoxylbenzoinylOR (ROH is a 
PGR, R-alkyl, aryland their substituted derivatives), sulfo 
nium salts (thiol ether ArS is a PGR), and the like. 
0072 Photosensitizers within the scope of the present 
invention include any compound that are sensitive to irradia 
tion and able to improve excitation profile of PGR by shifting 
its excitation wavelength and enhancing efficiency of irradia 
tion. Examples of Such compounds include benzophenone, 
anthracene, thioxanthone, their derivatives (Table 1B), and 
the like. 

Alternative Applications of PGR 
0073. In one embodiment of the present invention, photo 
generated reagents (Table 1) are applied to on-chip parallel 
synthesis of peptide arrays using amino acid monomers con 
taining reactive functional groups protected by t-Boc (acid 
labile) or Fmoc (base labile) groups (FIG. 4). The methods of 
peptide synthesis are known, Sterwart and Young, “Solid 
phase peptide synthesis”. Pierce Chemical Co.; Rockford, Ill. 
(1984); Merrifield, Science 232, 341-347 (1986); Pirrung et 
al., U.S. Pat. No. 5,143,854 (1992). According to one embodi 
ment of the present invention, linker molecules are attached to 
a Substrate surface on which peptide sequence arrays are to be 
synthesized. Each linker molecule contains a reactive func 
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tional group, Such as an —NH2 group, protected by the acid 
labile t-Boc group 500. Next, a photo-acid precursor or a 
photo-acid precursor and its photosensitizer are applied to the 
Substrate. A predetermined light pattern is then projected onto 
the substrate surface 505. At the illuminated sites, acids are 
produced, the acid labile protecting groups, such as t-Boc, are 
cleaved from the N-terminal NH, thereby enabling it to react 
with incoming monomers (FIG. 4). At the dark sites, no acid 
is produced and, therefore, the acid labile protecting groups 
of the linker molecules remain intact. The substrate surface is 
then washed and Subsequently Supplied with the first mono 
mer (a protected amino acid, its analogs, or oligomers), which 
adds only to the deprotected linker molecules under conven 
tional coupling reaction conditions 510. A chemical bond is 
thus formed between the NH group of the linker molecules 
and the carbonyl carbon of monomers to afford an amide 
linkage. After proper washing steps, the addition of the first 
residue is complete. The attached amino acid monomer also 
contains a reactive functional group protected by the acid 
labile t-Boc group. The Substrate containing the arrays of the 
growing sequences is then Supplied with a second batch of a 
photo-acid precursor and exposed to a second predetermined 
light pattern 515. The selected sequences are deprotected and 
the Substrate is washed, and Supplied, Subsequently, with the 
second monomer. Again, the second monomer propagates 
only at the surface sites that have been exposed to light. The 
second residue added to the growing chain also contains a 
reactive functional group protected by an acid-labile group 
520. This chain propagation process is repeated until poly 
mers of desired lengths and chemical sequences are formed at 
all selected surface sites 525. For a chip containing a peptide 
array of any designated sequence pattern, the maximum num 
ber of reaction steps is 20xn, where n is the chain length and 
20 is a constant, the number of naturally occurring amino 
acids. Arrays containing modified amino acids may require 
more than 20xn steps. 
0074. In another preferred embodiment of the present 
invention (FIG. 6), a photo-base precursor, such as an amine 
protected by a photo-labile group, is applied to Solid Surface 
loaded with linkers 600. Each linker molecule contains a 
reactive functional group. Such as NH, protected by a base 
labile group. Next, a photo-base precursor, Such as (((2-ni 
trobenzyl)oxy)carbonyl)-piperidine (Cameron and Fréchet, 
J. Am. Chem. Soc. 113,4303-4313 (1990), is applied to the 
Substrate. A predetermined light pattern is then projected onto 
the substrate surface 605. At the illuminated sites, bases are 
produced, causing cleavage of the base-labile protecting 
groups from the linker molecules, and the terminal NH 
groups are free to react with incoming monomers. At the dark 
sites, no base is produced and, therefore, the base labile 
protecting groups of the linker molecules remain intact. The 
Substrate Surface is then washed and Subsequently supplied 
with the first monomer containing a carboxylic acid group, 
which adds only to the deprotected linker molecules under 
conventional coupling reaction conditions to afford an amide 
linkage 610. After proper washing, the addition of the first 
residue is completed. The attached amino acid monomer also 
contains a reactive functional terminal group protected by a 
base-labile group. The Substrate containing the arrays of the 
growing sequences is then Supplied with a second batch of a 
photo-base precursor and exposed to a second predetermined 
light pattern 615. The selected sequences are deprotected and 
the Substrate is washed, and Subsequently supplied with the 
second monomer. Again, the second monomer propagates 
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only at the surface sites that have been exposed to light. The 
second residue added to the growing sequences also contains 
a reactive functional terminal group protected by a base-labile 
group 620. This chain propagation process is repeated until 
polymers of desired lengths and desired chemical sequences 
are formed at all selected surface sites 625. 
0075. The present invention is not limited to the parallel 
synthesis of arrays of oligonucleotides and peptides. The 
method is of general use in Solid phase synthesis of molecular 
arrays where complex synthesis patterns are required at each 
step of chain extension synthesis. One specific example is 
synthesis of oligosacchride arrays containing sequences of 
diverse carbohydrate units and branched chains (FIG. 7). 
According to the present invention, a photo-acid precursor is 
applied to a solid Surface containing protected carbohydrates. 
Each carbohydrate molecule contains several reactive OH 
groups, each of which is protected by protecting groups. Each 
of these protecting groups requires different deprotection 
conditions. A predetermined light pattern is then projected 
onto the substrate surface. At the illuminated sites, acid is 
produced and the protection groups labile under a particular 
set of conditions are cleaved. Deprotected OH groups are free 
to react with an incoming molecule. At the dark sites, no acid 
is produced and, therefore, the acid labile protecting groups 
of the carbohydrate molecules remain intact. The substrate 
Surface is then washed and Subsequently Supplied with a 
monomer (a carbohydrate or oligosacchride), which adds 
only to the deprotected OH under conventional reaction con 
ditions to afford a glycosidic linkage. Wong et al., J. Am. 
Chem. Soc. 120,7137-7138 (1998). These steps are repeated 
to give oligosacchrides containing various glycosidic link 
ages at the first deprotected OH position. Next, a photo-base 
precursor is applied to the Substrate. A second predetermined 
light pattern is then projected for the second time onto the 
substrate surface. At the illuminated sites, base is produced 
and the protection groups labile under this condition are 
cleaved. Deprotected OH groups of the second batch are free 
to react with an incoming molecule. At the dark sites, no base 
is produced and, therefore, the base labile protecting groups 
of the carbohydrate molecules remain intact. The substrate 
Surface is then washed and Subsequently Supplied with a 
second monomer, which adds only to the second deprotected 
OH of the second time under conventional reaction condi 
tions to afford a glycosidic linkage. These steps are repeated 
to give oligosacchrides containing various glycosidic link 
ages at the second deprotected OH position. Branched oli 
gosacchrides are formed. In continued synthesis, various 
PGR are used to achieve selective deprotection of the OH 
protecting groups until desired oligosacchride arrays are syn 
thesized. 
0076. The present invention enables use of photo-gener 
ated reagents in more cases than just deprotection reactions to 
achieve selective reaction in accordance with a predeter 
mined pattern without changing the course of well-developed 
conventional chemistry. Furthermore, the present invention is 
not limited to deprotection reactions, photo-generated reac 
tive compounds, such as alcohols (ROH, R-alkyl, aryl and 
their substituted derivatives), can be used as reagents for a 
variety of chemical conversions, such as esterification, 
nucleophilic Substitution and elimination reactions. These 
reactions are important steps for fabrication of custom MMA 
chips. 

Synthesis Apparatus 
(0077 FIGS. 8A thought 8C illustrate three embodiments 
of the programmable, light-directed synthesis apparatus of 
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this invention. As shown in FIG. 8A, the apparatus is com 
prised of four sections: a reagent manifold 812, an optical 
system, a reactor assembly, and a computer 814. 

Reagent Manifold 

0078. Thereagent manifold 812 of FIG.8A performs stan 
dard reagent metering, delivery, circulation, and disposal. It 
consists of reagent containers, Solenoid or pneumatic valves, 
metering valves, tubing, and process controllers (not shown 
in FIG. 8A). The reagent manifold 812 also includes an inert 
gas handling system for Solvent/solution transport and line 
purge. The design and construction of Such a manifold are 
well known to those who are skilled in the art of fluid and/or 
gas handling. In many cases, commercial DNA/RNA, pep 
tide, and other types of synthesizers can be used as the reagent 
manifold 812 of this invention. 

Optical System 

0079. The function of the optical system shown in FIG.8A 
is to produce patterned light beams or light patterns 807c for 
initiating photochemical reactions at predetermined locations 
on a substrate surface 810a. The optical system shown in FIG. 
8A is comprised of a light source 802, one or more filters 803, 
one or more condenser lenses 804, a reflector 805, a Digital 
Micromirror Device (DMD) 801, and a projection lens 806. 
During operation, a light beam 807a is generated by the light 
source 802, passes through the filter(s) 803, and becomes a 
light beam 807b of desired wavelength. A condenser lens 804 
and a reflector 805 are used to direct the light beam 807b on 
to the DMD 801. Through a projection lens 806, DMD 
projects a light pattern 807c on the substrate surface 810a of 
a reactor 810. Details about the DMD 801 are described 
below. 
0080 A light source 802 may be selected from a wide 
range of light-emitting devices, such as a mercury lamp, a 
Xenon lamp, a halogen lamp, a laser, a light emitting diode, or 
any other appropriate light emitter. The wavelengths of the 
light source 802 should cover or fall within the excitation 
wavelengths of the concerned photochemical reaction. The 
preferred wavelengths for most of the concerned photochemi 
cal reactions are between 280 nm and 500 nm. The power of 
the light source 802 should be sufficient to generate a light 
pattern 807c intense enough to complete the concerned pho 
tochemical reactions in a reactor 810 within areasonable time 
period. For most applications, the preferred light intensity at 
the substrate surface 810a position is between 0.1 to 100 
mW/cm. For many applications, a mercury lamp is preferred 
due to its broad wavelengths and availability of various pow 
CS 

I0081. Selection criterions for a filter(s) 803 are based on 
the excitation wavelength of concerned photochemical reac 
tions and other considerations. For example, it is often desir 
able to remove undesirably short and long wavelengths from 
the light beam 807a in order to avoid unwanted photo-degra 
dation reactions and heating in a reactor 810. For example, in 
the synthesis of oligonucleotides and other bio-related mol 
ecules, it is preferred to remove wavelengths shorter than 340 
nm. To avoid heating, an infrared cut-off filter is preferably 
used to remove wavelengths beyond 700 nm. Therefore, more 
than one filter may be needed. 
0082. A key component in the Optical System shown in 
FIG. 8A is a Digital Micromirror Device 801, which is used to 
generate light patterns 807b. A DMD is an electronically 
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controlled display device and it is capable of producing 
graphical and text images in the same manner as a computer 
monitor. The device is commercially available from Texas 
Instruments Inc., Dallas, Tex. USA, for projection display 
applications (Hornbeck, L. J., “Digital light processing and 
MEMS, reflecting the digital display needs of the networked 
society.” SPIE Europe Proceedings, 2783, 135-145 (1996)). 
Each DMD 801 contains a plurality of small and individually 
controllable rocking-mirrors 801a, which steer light beams to 
produce images or light patterns 807c. 
I0083 DMD 801 is a preferred means of producing light 
patterns in the present invention for several reasons. First, it is 
capable of handling relatively short wavelengths that are 
needed for initiating concerned photochemical reactions. 
Second, the device has high optical efficiency. Third, it can 
produce light patterns of high contrast ratio. In addition, 
devices of high resolution formats (up to 1920x1080) have 
been demonstrated. These features permit one to conve 
niently generate optical patterns for the synthesis of practi 
cally any desired molecular sequence array by using the pho 
tochemistry described in this invention. In this aspect, the 
apparatus of this invention is highly flexible as compared with 
the prior art method of producing sequence arrays using pho 
tomasks. 

I0084. Other types of electronically controlled display 
devices may be used for generating light patterns. FIG. 8B 
illustrates an exemplary embodiment of the present invention, 
using a reflective liquid crystal array display (LCD) device 
821. Reflective LCD devices are commercially available 
from a number of companies, such Displaytech, Inc. Long 
mont, Colo. USA. Each reflective LCD device 821 contains a 
plurality of small reflectors (not shown) with a liquid crystal 
shutter 821a placed in front of each reflector to produce 
images or light patterns. High-resolution devices, up to 1280x 
1024, are already available from Displaytech. The optical 
system shown in FIG.8B is like that of the device of FIG.8A 
except for the optical arrangement for directing light onto 
display devices. A beam splitter 825 is used in the optical 
system shown in FIG. 8B to effectively couple light onto and 
out of flat reflects. 

I0085. In another embodiment of the present invention, a 
transmissive LCD display 841 is used to generate light pat 
terns, as shown in FIG. 8C. A transmissive LCD display 841 
contains a plurality of liquid crystal light valves 841a, shown 
as short bars in FIG. 8C. When a liquid crystal light valve 
841a is on, light passes; when a liquid crystal light valve is 
off, light is blocked. Therefore, a transmissive LCD display 
can be used in the same way as an ordinary photomask is used 
in a standard photolithography process (L. F. Thompson et al., 
“Introduction to Microlithography”, American Chemical 
Society, Washington, D.C. (1994)). In FIG. 8C, a reflector 
845 is used to direct a light beam 847b to the transmissive 
LCD display 841. 
I0086 Most commercially available display devices, 
including DMD, reflective LCD, and transmissive LCD are 
designed for handling visible light (400 nm to 700 nm.) 
Therefore, when these commercially available display 
devices are used, the best operation mode of the program 
mable, light-directed synthesis apparatus of this invention is 
achieved when the excitation wavelength of the photo-re 
agent precursors is between 400 nm and 700 nm. However, 
the use of the instrument and the methods of this invention 
extends beyond the above wavelength range. 
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0087 FIGS. 8A through 8C depict apparatus designs for 
making one array chip at a time. The present invention also 
encompasses devices for producing a plurality of chips. FIG. 
12 schematically illustrates a mechanical/optical stepping 
mechanism for enhancing the throughput and the efficiency 
of the synthesis apparatus of this invention. In this stepping 
mechanism, a light beam 1204a is projected from a display 
device, (not shown in the figure.) passes through a projection 
lens 1202, and is directed by a reflector 1203 towards a reactor 
1201 a forming an image or a light pattern 1204b. The reflec 
tor 1203 has a rotating mechanism that can direct the light 
pattern 1204b towards any one of the several surrounding 
reactors 1201a through 1201f. In a regular synthesis process 
of for example, oligonucleotides, the light pattern 1204b is 
directed towards a specific reactor, e.g. 1201a, only during a 
photochemical deprotection reaction step. Then the light pat 
tern 1204b is directed towards other reactors, while reactor 
1201 a goes through the rest of synthesis steps. Such as flush 
ing, coupling, capping, etc. 
0088. Other stepping mechanisms may also be used in the 
present invention. For example, a step-and-repeat exposure 
scheme, which is routinely used in photolithography of semi 
conductors, may be used. General descriptions of step-and 
repeat photolithography were given by L. F. Thompson et al., 
in Introduction to Microlithography, American Chemical 
Society, Washington, D.C. (1994). In this scheme, a large 
Substrate containing multiple reaction-well arrays is used. 
The Substrate is mounted on a X-y translation stage. At each 
step, an optical exposure covers one or several arrays. Then, 
the Substrate is moved to the next position and another optical 
exposure is performed. The process is repeated until all reac 
tion-well arrays are exposed. 
0089. The present invention is not limited to the use of 
electronically controlled display devices as the means of gen 
erating photolithography patterns. Conventional photo 
masks, which are made of glass plates coated with patterned 
chromium or any other appropriate films, may be used as 
well. In this case, the transmissive LCD display device 841 
shown in FIG. 8C is replaced with a conventional photomask 
while rest of the apparatus remains the same. The use of 
conventional photomasks is preferred for the production of a 
large number of the same products. A conventional photo 
mask may contain a large number of array patterns so that a 
large number of molecular arrays can be synthesized in par 
allel. However, for small batch production of various different 
array products the use of electronically controlled display 
devices is much preferred due to its flexibility. 

Reactor Configuration 

0090. As described in earlier sections, photogenerated 
reagents involved in the current invention are in Solution 
phase. When the reagents are used to produce spatially 
defined patterns, such as arrays, appropriate measures should 
be taken to spatially isolate individual elements. FIGS. 9A 
through 9C schematically illustrate three preferred embodi 
ments of isolation mechanisms of the present invention. In the 
embodiment shown in FIG. 9A, a transparent substrate 901 
and a cap 902 form a reaction cell or a reactor, which is filled 
with a solution containing one or more photo-reagent precur 
sors. Reactionwells, bounded by barriers 903, are embossed 
on the cap 902. The cap 902 is preferably made of a plastic or 
an elastomer material inert to all chemicals involved in the 
reaction. Before a photolytic reaction takes place, the cap 902 
is pushed against the substrate 901 forming contacts between 
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the barriers 903 and the substrate and isolates of individual 
reaction-wells. Light beams are then projected into a number 
of selected reaction-wells 904a and 904c., as shown in Step 3 
of FIG.9A. Photolytic and other photo-reagent-induced reac 
tions take place in the light-exposed reaction-wells 904a and 
904c while there is no photo activate reaction in the unex 
posed reaction-well 904b. When properly constructed and 
operated, the isolation mechanism described prevents diffu 
sion of reagents across individual reaction-wells. In addition, 
the space between adjacent reaction-wells 904b and 904c 
provides a buffer Zone 904d to further prevent any inter 
mixing between reaction-wells. 
(0091. The buffer zone 904d, shown in FIG.9A, provides 
space for addition mechanisms of preventing interference 
among individual reaction-wells. FIG. 10 illustrates detailed 
structure of the reaction-wells of the current invention in a 
three-dimensional perspective view. The figure shows that the 
buffer zones (labeled as 1006 in FIG. 10) are all intercon 
nected. This interconnected structure permits one to flush the 
buffer Zone with appropriate solutions while all the reaction 
wells are closed. In are preferred method, buffer Zone 904d is 
flushed after the completion of the photolytic and photo 
reagent-induced reactions and before the lifting of the cap 
902, with a solution that would either quench the photo 
reagent-induced chemical reactions or neutralize the photo 
generated reagents inside the exposed reaction-wells 904a 
and 904c. The spillover of the photogenerated reagents from 
the exposed reaction-wells 904a and 904c would thus not 
cause no undesirable chemical reactions in other areas after 
the cap 902 is lifted. For neutralizing a photogenerated acid, 
a weak basic solution, such as pyridine in CHCl2, may be 
applied. For quenching nucleotide-coupling reaction, aceto 
nitrile or other suitable solvents may be used. 
0092 FIG.9B illustrates another embodiment of the iso 
lation mechanism of the present invention. In this embodi 
ment, reaction-well structures, or reaction-well barriers 913, 
are constructed on a transparent substrate 911 while the cap 
912 has a flat inner surface. The substrate 911 is preferably 
made of glass. The cap 912 is preferably made of a plastic or 
an elastomer material inert to all chemicals involved in the 
reactions. The seal mechanism and the preferred operation 
mode are similar to those described earlier for the embodi 
ment shown in FIG.9A. 

0093 FIG.9C illustrates the third embodiment of the iso 
lation mechanism of the present invention. In this embodi 
ment, a pattern of non-wetting film 933 is coated on the 
surface of a transparent substrate 931. During an operation, a 
reactor is first filled with a solution 934. Then the Solution 934 
is drained from the reactor and droplets are formed on the 
substrate 931 surface because the solution wets the substrate 
931 surface but not the non-wetting film 933 surface. The 
droplets are isolated from each other. Light beams 935 can 
then be projected onto predetermined droplets 934a and 934c 
to initiate photolytic and other photo-reagent-induced reac 
tions. This embodiment eliminates the need for a sealing 
mechanism and is suitable for large-scale biochip production 
using large Substrates. The use of non-wetting films to confine 
fluid is well-know in the art and has been described by Tho 
mas M. Brennan in U.S. Pat. No. 5,474,596 for the synthesis 
of DNA oligomers using an inkjet-printing method. 
0094 Reactors of this invention are preferably assembled 
into a cartridge form as illustrated in FIG. 10. The design 
shown in the figure utilities the isolation mechanism shown in 
FIG.9B. Other isolation mechanisms, such as the ones shown 
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in FIGS. 9A and 9C, can be easily implemented into similar 
cartridge forms. As shown in FIG. 10, each cartridge contains 
a transparent substrate 1001, which can be made of glass or 
polymer materials of Suitable chemical and optical proper 
ties. Above the substrate is a barrier layer 1003 containing 
pluralities of openings to form arrays of isolated reaction 
wells 1004. In principle, the reaction-wells can be of any 
reasonable shapes and sizes. Circular and square wells are 
preferred. Most preferably, wells are of circular shape of 10 to 
1,000 um in diameter and 5 to 100 um in depth. For example, 
in a specific design, circular reaction-wells are 140 um in 
diameter, 20 um in depth, and are arranged as an orthogonal 
array with equal center-to-center distance of 200-um. With 
this design, 2.500 reaction-wells are packed into an area of 
one square centimeter. In each reaction well, about 6.4 fimol 
molecules may be synthesized, assuming the average dis 
tance between immobilized adjacent molecules is 20 A. The 
volume of the reaction-well is about 300 pico-liter, providing 
sufficient volume required for reactions. The barrier layer 
1003 is made of opaque materials, such as metals or black 
ened polymers, to optically isolate individual reaction-wells 
from each other. The third layer is a reactor cap 1002. The cap 
1002 has three functions: reactor enclosure, reagent connec 
tion/distribution, and reaction-well isolation. The cap 1002 is 
preferably made of a polymer material that is flexible and 
resistant to chemicals/solvents involved in the concerned syn 
thesis processes. The material may be selected from a group 
of polymers including polyethylene, polypropylene, polyeth 
ylene-polypropylene copolymer, fluorinated polymers and 
various other suitable ones. The reagent inlet 1012 and outlet 
1013 are placed at two opposite ends of the reactor. Branching 
channels 1011 are made to distribute reagents evenly across 
the reactor. The center region of the cap is a pad 1015 that can 
be pushed down to tightly seal the reaction-wells 1004 below. 
Immediately above the reactor there is a mechanical actuator 
(not shown in FIG. 10 but shown in FIGS. 8A through 8C as 
811, 831, and 851), which can be, for example, driven either 
Solenoidally or pneumatically. The actuator can either push 
the pad of the reactor cap to seal all reaction-wells or retract 
to open all the reaction-wells. This operation is to accommo 
date the sealing mechanism shown in FIGS. 9A and 9B. The 
inset in FIG. 10 shows an enlarged view of the reaction-well 
structures, which contain extruded rims 1005 to facilitate 
sealing. While not shown in FIG. 10, the reactor substrate 
contains alignment marks, which permit the alignment of the 
reactor in an optical lithography system of the present inven 
tion. 
0095. The reactor cartridge shown in FIG. 10 is most suit 
able for use in an ordinary chemical and biochemical labora 
tory environment. The enclosed construction of the cartridge 
prevents chemical and particulate contamination from the 
environment. In order to achieve the best and consistent 
results, the cartridges are preferably manufactured in a con 
trolled environment to ensure the chemical integrity inside 
the cartridge. The cartridges are then filled with an inert gas, 
Such as Ar, and sealed by plugging the inlet and outlet of the 
reactor. Then the cartridges can be stored and/or shipped to 
user laboratories. 

Reactor Fabrication 

0096. The reactors of the present invention (FIGS. 9A 
through 9C and 10) can be fabricated using various well 
known microfabrication processes, such as photolithography, 
thin film deposition, electroplating, and molding (M. Madou, 
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Fundamentals of Microfabrication, CRC Press, New York, 
(1997)). These techniques have been widely used for making 
various of microfluidics devices, electromechanical devices, 
chemical sensors, and optical micro-devices. For example, 
the reaction-well structure shown in FIG.10 can be fabricated 
by using electroplating of Suitable metal films on a glass 
Substrate. At the end of this description, an example is given 
to demonstrate the fabrications processes involved. The reac 
tion-well structures on a glass Substrate may also be made 
using chemical etching processes, which have been widely 
used to make various microfluidics devices (Peter C. Simpson 
et al. Proc. Natl. Acad. Sci., 95: 2256-2261 (1998)). 
(0097. Reactor cap 1002, shown in FIG. 10, can be fabri 
cated using a precision molding process. Such a process is 
widely available in plastic fabrication industry. The polymer 
material used is preferably in black color to minimize light 
reflection and scattering during light exposure. Welding and 
adhesive bounding methods can be used to assemble the 
plastic cap 1002 and a substrate 1001 into an integrated car 
tridge. 
0098. Making non-wetting film patterns on glass and other 
substrates is a well-known art in many fields (Uthara Srini 
vasan et al., Proc. IEEE Solid-State Sensors and Actuators, 
June 1991, 1399-1402). The film is usually formed by a 
monolayer of self-assembled molecules (SAM) or a thin 
polymer film of low Surface energy material Such as Teflon. 
The most frequently used SAMs on glass substrates include 
various hydrocarbon alkylsilanes and fluoroalkylsilanes, 
such as octadecyltrichlorosiliane and 1H, 1H, 2H, 2H-per 
fluorodecyltrichlorosiliane. The patterning process involves 
the use of photoresists and photolithography. Example VII at 
the end of this description provides a detailed patterning 
procedure. Thin polymer films, such as Teflon, can be printed 
onto glass and plastic Surfaces by using a screen printing 
process. The screen printing process is a well-know art in 
printing industry and in electronic industry. General proce 
dures of screen printing for microfabrication applications are 
described by M. Madou in Fundamentals of Microfabrica 
tion, CRC Press, New York, (1997). In addition, hydrophobic 
printed slides are commercially available from Vendors. Such 
as Erie Scientific Company, Portsmouth, N.H. USA. When 
non-wetting film patterned Substrates are used, the reactor 
configuration can be simplified because the reaction-well 
sealing mechanisms shown in FIGS. 8A through 8C and FIG. 
10 are no longer needed. 

Control of the Apparatus 

0099. As illustrated in FIG. 8A, the synthesis apparatus of 
the present invention is controlled by a computer 814, which 
coordinates the actions of the DMD 801, the seal actuator 811 
of the reactor 810, and the reagent manifold 812. In case of 
synthesizing oligonucleotides, during most of synthesis 
steps, the synthesis apparatus operates as a conventional Syn 
thesizer and the computer 814 controls reagent manifold 812 
to deliver various reagents to the reactor 810. At a photo 
directed deprotection step, the reagent manifold 812 delivers 
a photo-acid precursor into the reactor 810. The computer 814 
activates the seal actuator 811 to isolate reaction-wells and, 
then, sends data to DMD 801 to project a light pattern 807c 
onto the reactor 801. At the completion of the photoreactions, 
the light pattern 807c is switched off, a quenching solution is 
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delivered into the reactor 801, the seal actuator 811 is lifted, 
and the synthesis control system resumes the steps of conven 
tional synthesis. 

Variations and Modifications 

0100 Many variations and applications of the present 
invention are possible. FIG. 11A illustrates a variation of 
reaction-well structure. A mask layer 1103 is added to the 
bottom of the reaction well. One or more openings, which 
occupy a total one tenth to one half of the reaction-well 
Surface area, are made on the masks for light 1104 to pass 
through. The mask layer 1103 is preferably made of a thin and 
chemical resistant metal film, such as Cr. On top of the metal 
film, a SiO film (not shown) is deposited to facilitate immo 
bilization of linker molecules. This reaction-well design per 
mits the spatial separation of a photochemical reaction and 
photogenerated-reagent-induced chemical reactions. FIG. 
11A illustrates a photo-acid induced chemical reaction. Upon 
a light exposure, protons H are produced from a photo-acid 
precursor in the open areas. The protons, then, diffuse into 
Surrounding areas in the well to cleave acid-labile protecting 
groups P on immobilized oligomer molecules 1106. This 
arrangement helps to minimize the contact between photo 
generated radical intermediates and the oligomers and thus, to 
Suppress undesirable side-reactions that might occur due to 
the presence of radical intermediates. 
0101 FIG. 11B illustrates another variation of the reac 
tion-well structure and light exposure strategy. This embodi 
ment is also designed to decrease the possibility of undesir 
able side-reactions due radical intermediates. Only a fraction 
of the reaction-well surface is exposed to light 1114. The 
chance for undesirable side-reactions in other areas is, con 
sequently, decreased. 
0102 The applications of the chemical processes and the 
apparatus (FIG. 8A through 8C) of the present invention 
extend beyond the fabrication of molecular arrays. For 
example, the apparatus using DMD 801 shown in FIG. 8A 
may be used as a general-purpose assay apparatus for study 
ing chemical and biochemical reactions. The Digital Micro 
mirror Device 801 controls precisely and simultaneously 
light dosages in all individual reaction-wells of a reactor 810. 
This feature allows one to precisely control the production of 
photogenerated reagent in all reaction-wells and, therefore, to 
perform a large-scale, parallel assay. 
0103). Obviously many modifications and variations of 

this invention are possible in the light of the above teachings. 
It is therefore to be understood that within the scope of the 
appended claims the invention may be practiced otherwise 
than as specifically described. 
0104. The invention is further described by the following 
Examples, which are provided for illustrative purposes only 
and are not intended nor should they be construed as limiting 
the invention in any manner. Those skilled in the art will 
appreciate that variations on the following Examples can be 
made without deviating from the spirit or scope of the inven 
tion. 

EXAMPLE I 

Photo-Acid Generation 

0105. This experiment demonstrates efficient generation 
of H" upon light irradiation of a PGA as monitored by 
increased values of the chemical shift of the HO signal as a 
function of light irradiation time. 
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0106 Six samples containing a sulfonium salt (0.4% of 
50% triarylsulfonium hexafluorophosphate in propylene car 
bonate, Secant Chemicals, Boston, Mass.) in 0.5 mL CDC1 
were placed in nuclear magnetic resonance (NMR) tubes. A 
reference one-dimensional (1D) spectrum of these samples 
was recorded (600 MHz NMR spectrometer, Bruker, 
Karlsruhe, Germany) using method well known to those 
skilled in the art. One of the samples was then irradiated using 
a collimated light source (22 mW. Oriel, Stanford, Calif.) at 
365 nm for a defined length of time (FIG. 13) and 1D NMR 
spectrum was recorded immediately after the irradiation. A 
second sample was then irradiated at 365 nm for a second 
defined length of time (FIG. 13) and 1D NMR spectrum was 
recorded immediately after the irradiation. These experi 
ments were repeated for each of the samples prepared. For 
each NMR spectrum, chemical shift of the HO was mea 
Sured. In the absence of light, HO signal appeared at 1.53 
ppm. Upon irradiation, this signal moved to a higher ppm 
value (down field shifted) due to the generation of H. 
0107. In FIG. 13 the correlation of the changes in chemical 
shift of the HO signal with irradiation time is plotted. The 
formation of H" under the conditions used follows a first 
order kinetics relationship and the apparent rate constant for 
formation of H" derived is 1.3x10'-0.06 s. 

EXAMPLE II 

Deprotection of Nucleostide Monomers. Using PGA 
0108. These experiments demonstrate efficient deprotec 
tion of the DMT group on 5'-OH of nucleosides using PGA. 
0109. Two samples were prepared in which DMT-G 
attached to (controlled porous glass, 0.2 umol (CPG) added to 
sulfonium salt (0.4% of 50% triaryl sulfonium hexafluoro 
phosphate in propylene carbonate, Secant Chemicals, Bos 
ton, Mass.) in 0.5 mL CHC1. One sample was irradiated 
using a UV lamp (UVGL-25, 0.72 mW) at 365 nm for 2 min, 
while the other sample, a control, was of irradiated Upon 
completion of the irradiation, CPG was washed with CHCl 
and CHCN, followed by treatment with concentrated aque 
ous NH-OH (1 mL) for 2 hat 55° C. The solution was briefly 
evaporated in vacuo. A buffer solution (0.1 M triethylammo 
nium acetate (TEAA), 15% in CHCN) was added to the CPG 
sample and the resultant solution was injected into a C18 
reverse phase (10 um, u-bondapak, Waters) HPLC column. A 
gradient of 0.1M TEAA in CHCN was used to elute the 
sample. Authentic samples of DMT-dG and dG were used as 
reference and co-injection of PGA deprotected dG and 
authenic dG confirms the result of the PGA reaction. 1400 
and 1410 of FIG. 14A show HPLC profiles of DMT-dG and 
the PGA deprotected dG. 
0110. The same procedures were performed for DMT-dC, 
DMT-dG, DMT-dA, and DMT-rU. 1420 and 1430 of FIG. 
14B show HPLC profiles of DMT-rU and the PGA depro 
tected rU. 
0111. Other photo-acid precursors, such as 2,1,4-diaz 
onaphthoguionesulfonate triester, triaryl Sulfonium 
hexafluoroantimonate and hexafluorophosphate (Secant 
Chemicals, Boston, Mass.), and perhalogenated triazine (Mi 
dori Kagaku), were also used for these deprotection reactions. 
Complete deprotection of the DMT group was achieved with 
these phot acid precursors. 

EXAMPLE III 

Deprotection of Nucleoside Monomers. Using Pre 
Activated PGA 

0112 This experiment demonstrates that pre-activation of 
PGA precursor is an effective means of reducing side reac 
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tions in deprotection using PGA. Depurination due to cleav 
age of glycosidic bonds in nucleotides under acidic condi 
tions is a known problem. This problem is exacerbated in the 
use of PGA for deprotection since at the initiation of reaction, 
the amount of H requires time to build up. The following 
experiment is to show that this problem can be alleviated 
using a pre-activated PGA. 
0113. The samples and experimental conditions used in 

this experiment were as described in Example II, except that 
the PGA solution (0.4% of 50% triaryl sulfonium hexafluo 
roantimonate in propylene carbonate) was first irradiated at 
365 nm for 2 min. before adding the CPG attached DMT 
nucleoside. 
0114 Pre-irradiation (UVGL-25, 0.72 mW) at 365 nm for 
2 min was perform using a PGA solution (0.4% of 50% triary1 
Sulfonium hexafluoroantimonate in propylene carbonate). 
The irradiated solution was then added to powder DMT-dA 
(approximately 1 umol). The Solution was incubated for an 
additional 2 min. 1D NMR spectrum was recorded using 
methods well known to those skilled in the art. Another 
sample of DMT-dA (1 Limol) was mixed with a PGA solution 
(0.4% of 50% triarylsulfonium hexafluoroantimonate in pro 
pylene carbonate) and the mixture was irradiated (UVGL-25, 
0.72 mW) at 365 nm for 2 min. 1D NMR spectrum was 
recorded. Depurination causes gradual disappearance of the 
signals of dA. The comparison of the two NMR spectra 
recorded for these experiments indicates less side reactions 
for the reaction using pre-activated PGA. 
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EXAMPLE IV 

Oligonucleotide Synthesis Using PGA 

0115 These experiments demonstrate efficient synthesis 
of oligonucleotides on CPG support using PGA. Oligonucle 
otides of various sequences (A, C, G, and T) and chain lengths 
(n=2-8) were synthesized using photo-acid precursors on a 
Perspective synthesizer (Perspective Biosystems, Framing 
ham, Mass.). 
0116 Synthesis of DMT-TTTT (1510 of FIG. 15), was 
carried out on a 0.2 umol scale according to the protocol in 
Table 2. This is a direct adoption of the conventional phos 
phoramidite synthesis but with minor modifications at Step 2. 
At this step, a PGA (0.4% of 50% triarylsulfonium hexafluo 
rophosphate in propylene carbonate) was added and the reac 
tion column was irradiated with 365 nm light for 2 min. The 
column was extensively wash with solvents after the photo 
deprotection reaction. Upon completion of the synthesis, the 
sequence was cleaved from CPG and deprotected using con 
centrated NH-OH. The sample was examined using C18 
reverse phase HPLC using a TEAA in CHCN gradient. The 
HPLC profile of the crude product of DMT-TTTT synthe 
sized using a PGA is shown (1510 of FIG.15A). 1500 of FIG. 
15 shows DMT-TTTT using the conventional TCA deprotec 
tion chemistry. 1520 and 1530 of FIG. 15B show HPLC 
profiles of the crude octanucleotides which was synthesized 
using the PGA approach. 

TABLE 2 

Protocol of Automated Oligonucleotide Synthesis (0.2 Imol) 

Amount 

Vol.(ml) Time(sec) Conc. (mM.) Used (Imol) 

A. Using PGA 

1 detritylation 1% UVI-6974/CHCl (v/v) 1.20 18O 100 114 
2a wash CHCN 240 200 
2c wash CHCl2 2.00 50 

3 coupling A. tetrazole/CHCN O.10 2 450 45 
4 coupling A. tetrazole/CHCN O.10 2 450 45 

5 (simultaneous) B. monomeriCHCN O.10 2 100 10 
6 coupling B. tetrazole/CHCN O.10 63 450 45 
7 wash CHCN O.04 31 

8 wash CHCN O.66 17 
9 capping A. acetic O.15 4 10% 147 

anhydride/lutidine/THF 
10 (simultaneous) B. N-methylimidazole(THF O.15 4 10% 183 

11 wash CHCN O.10 15 

12 wash CHCN 0.27 7 

13 oxidation I/THF/pyridine/HO O.29 7 O.O2 6 

14 wash CHCN O.29 7 

15 capping A. acetic O.13 3 127 

anhydride/lutidine/THF 
16 (simultaneous) B. N-methylimidazole(THF O.13 3 158 

17 wash CHCN 0.57 15 

total (Sec) 612 
total (min) 10.2 



US 2011/01 70075 A1 

TABLE 2-continued 
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Protocol of Automated Oligonucleotide Synthesis (0.2 inol 

Vol. (ml) Time(sec) 

B. Using Conventional TCA 

Amount 

Conc. (mM.) Used (Imol) 

1OO 114 

450 45 
450 45 
1OO 10 
450 45 

10% 147 

10% 183 

O.O2 6 

127 

158 

1 detritylation 3%. TCA 1.20 59 

3 coupling A. tetrazole/CHCN O.10 2 
4 coupling A. tetrazole/CHCN O.10 2 
5 (simultaneous) B. monomeriCHCN O.10 2 
6 coupling B. tetrazole/CHCN O.10 63 
7 W8S CHCN O.04 31 
8 W8S CHCN O.66 17 
9 capping A. acetic O.15 4 

anhydride/lutidine/THF 
10 (simultaneous) B. N-methylimidazole? THF O.15 4 
11 W8S CHCN O.10 15 
12 W8S CHCN 0.27 7 
13 oxidation I2, THF/pyridine/H2O O.29 7 
14 W8S CHCN O.29 7 
15 capping A. acetic O.13 3 

anhydride/lutidine/THF 
16 (simultaneous) B. N-methylimidazole? THF O.13 3 
17 W8S CHCN 0.57 15 

total (Sec) 261 
total (min) 4.35 

Protocol is adopted from an Expedite 8909 synthesizer used for oligonucleotide synthesis using PGA deprotection. 
*Highlighted steps for incorporation of the PGA reactions. Patterned light irradiation is applied at this step. 
Washing step is being optimized at this time to reduce the cycle time. 

EXAMPLE V 

Amino Acid Deprotection and Peptide Synthesis 
Using PGA 

0117 These experiments demonstrate efficient deprotec 
tion of the amino protection group using PGA in peptide 
synthesis. 
0118. A sample of 10 mg (10 umol) of HMBA resin (Nova 
Biochem, La Jolla, Calif.) containing t-Boc-Tyr was 
employed. Deprotection was performed in a CH2Cl Solution 
containing a PGA (10% of 50% triaryl sulfonium hexafluo 
roantimonate in propylene carbonate) by irradiating the same 
solution at 365 nm for 15 min. The reaction was incubated for 
an additional 15 min and the resin was washed with CHC1. 
The possible presence of residual amino groups was detected 
using ninhydrin color tests and the result was negative. The 
resin was then washed and the amino acid cleaved from the 
resin using NaOH (0.1 Min CH-OH). 1610 of FIG.16 shows 
the HPLC profile of the PGA deprotected Tyr. 1600 of FIG.16 
shows the HPLC profile of Tyr obtained using conventional 
trifluoroacetic acid (TFA) deprotection. 
0119 Synthesis of a pentapeptide, Leu-Phe-Gly-Gly-Tyr. 
was accomplished using 100 mg of Merrifield resin. The PGA 
deprotection of the t-Boc group was performed and the resin 
was tested using ninhydrin until no color resulted. Coupling 
reaction was carried using conditions well known to those 
skilled in the art. The PGA deprotection and coupling steps 
were repeated until the pentamer synthesis was completed. 
The sequence was cleaved from the resin and its HPLC com 
pared well to that of the same sequence synthesized conven 
tional peptide chemistry. 

EXAMPLE VI 
Fabrication of Microwells 

0120 Formation of microwells using the fabrication 
methods of the present invention is demonstrated in this 

example. FIG. 17A schematically illustrates the fabrication 
procedureused. In the first fabrication step, a thinbimetal film 
1702 of Cr/Cu 200/1000 A thick was evaporated on a glass 
substrate 1701 in a sputtering evaporator. he bimetal film 
1702 Cr provides good adhesion to the glass surface and Cu 
provides a good base for Subsequent electroplating. The Sur 
face was then spin-coated with a positive photoresist 1703 of 
18 um thick. The photoresist film 1703 was then patterned 
using photolithography (exposure to UV light using a photo 
mask aligner and development). Electroplating using a plat 
ing solution for bright Niwas utilized to apply a plate a Ni film 
of 18 um thick onto the exposed Cu Surface resulting in 
microwell barriers 1704. The solution formula and plating 
conditions are as following. NiSO.6H2O: 300 g/l. NiCl. 
6H2O: 30-40 g/l. Boric Acid: 40 g/l. Sodium Saccharin: 2-5 
g/l. Butynediol (2-Butyne-1,4-diol): 100 mg/l, Sodium lauryl 
sulfate: 50 ppm, pH: 3.0-4.2, Current density: 10 A/dm’, 
Temperature: 50° C. The photoresist film 1703 was then 
stripped. Cu film was etched using a HNO:HPO: 
CHCOOH=0.5:50.0:49.5 (volume) solution and Crfilm was 
etched using a HCl:HPO:CHCOOH=5:45:50 (volume) 
Solution activated by an aluminum Stick. A spin-on glass film 
was then coated on to the sample surface to form a SiO film 
1705. FIG.17B shows a photograph of the resulted microwell 
sample. 

EXAMPLE VII 

Solution Isolation Using Patterned Non-Wetting 
Films 

I0121 This example illustrates that arrays of organic-sol 
vent droplets were formed on a glass Surface patterned with 
non-wetting films using the methods taught in the present 
invention. FIG. 18A schematically illustrates a fabrication 
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procedure for coating a patterned non-wetting film on a glass 
substrate 1801. A glass substrate 1801 was thoroughly 
cleaned in a warm HSOHO=1:1 (volume) solution. The 
substrate 1801 was then spin-coated with a positive photore 
sist of about 2.7 um thick. The photoresist film 1802 was 
exposed to UV light using a photomask aligner and devel 
oped. In this example, a photomask containing a matrix of 
circular dots were used and, therefore, the same pattern was 
formed in the photoresist film 1802. The patterned glass sub 
strate was dipped into a 1 mM FDTS (1H, 1H, 2H, 2H-per 
fluorodecyltrichlorosiliane) anhydrous iso-octane solution in 
a dry box and soaked for at least 10 minutes. Then, the 
substrate was rinsed with iso-octane 2-3 times followed by a 
thorough water rinse. The photoresist was stripped and a 
FDTS film was left on the glass surface as a non-wetting film. 
0122 Tests of wetting effects were performed in an 
enclosed cell to avoid evaporation of volatile solvents. During 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 1 

<21 Os SEQ ID NO 1 
&211s LENGTH: 5 
212s. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Synthetic 

<4 OOs SEQUENCE: 1 

Leu Phe Gly Gly Tyr 
1. 5 

a test, the cell was filled with a testing solvent or solution and 
then drained. Tests were made on various organic/inorganic 
solvents and solutions including CHC1, CHCN, CHOH, 
CHCH-OH, TCA/CHCl solution, I/tetrahydrofuran-wa 
ter-pyridine solution, and other solutions involved in oligo 
nucleotide synthesis. Formation of droplet arrays was 
observed for each testing solvent/solution. FIG. 18B shows a 
photograph of methanol droplet array formed on a non-wet 
ting film patterned glass plate. 

EXAMPLE VIII 

Array Synthesis on a Patterned Glass Substrate 
Using PGA 

0123. These experiments demonstrate the use of the 
method and instrument of the present invention in making 
molecular microarray chips. 
0124 Fabricated glass Substrates containing isolated reac 
tion wells at specified areas as described in Example VI were 
employed. The glass plates were derivatized with linker mol 
ecules (10% N-(3-triethoxysilylpropyl)-4-hydroxylbutyra 
mide in ethanol) containing free OH groups. Synthesis on the 
glass Substrate was performed using a reactor and a digital 
light projector as described in this specification and a DNA 
synthesizer (Perspective). Oligonucleotide synthesis was 
accomplished according to the protocol shown in Table 2. The 
glass surface was first contacted with DMT-T phosphoramid 
ite to couple the first residue. The sequences were treated, in 
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Subsequent steps, with capping and oxidation reagents and 
washed with CHCN before and after each step of the reac 
tions. The glass plate was then treated with a PGA (0.4% of 
50% triaryl sulfonium hexafluorophosphate in CHCl) 
delivered by the synthesizer and exposed to computer gener 
ated patterned light irradiation (30s) from a collimated light 
source at 365 nm and 3 mw of light source intensity, (Stan 
ford, Calif.). The surface was then extensively washed with 
CHCN. In the light exposed areas, free hydroxyl groups 
were generated. After oxidation and wash steps, the Surface 
was contacted by fluorescein-labeled phosphoramidite 
monomers in a second coupling step. The molecular arrays 
synthesized were treated with NaOH aqueous solution (0.1 
M). The array contains fluorescence labeled dimers were 
visualized under a fluoromicroscope (Bio-Rad, Richmond, 
Calif.). The results of which are shown in FIG. 19. 

1. A device for selectively converting photogenerated 
reagent precursors to photogenerated reagents comprising: a) 
a Substrate comprising at least one solid Surface containing a 
plurality of spatially separated reaction sites; and b) an optical 
system operably linked to the Substrate comprising a light 
Source and a computer-controlled spatial optical modulator to 
forman irradiation pattern, wherein said optical system selec 
tively irradiates a plurality of reaction sites. 

2. The device of claim 1, wherein said spatial optical modu 
lator is selected from the group consisting of a digital micro 
mirror device, reflective liquid crystal display device, and 
transmissive liquid crystal display device. 

3. The device of claim 2, wherein said digital micromirror 
device comprises a plurality of micromirrors. 

4. The device of claim 3, wherein said micromirrors are 
individual rocking mirrors. 

5. The device of claim 1, further comprising at least one 
filter in-line with said light source, wherein said filter is 
configured to generate a desired wavelength. 

6. The device of claim 1, wherein said substrate is trans 
parent. 

7. The device of claim 1, further comprising a reagent 
manifold having one or more inlets and one or more outlets, 
said manifold configured to direct at least one reagent solu 
tion to said reaction site. 

8. The device of claim 1, wherein said reaction sites are 
isolated reaction-wells. 
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9. The device of claim 1, further comprising a mechanism 
for controlling light intensity thereby controlling the genera 
tion of photogenerated reagents. 

10. A device for selectively converting photogenerated 
reagent precursors to photogenerated reagents for effecting a 
chemical reaction comprising: a) a Substrate comprising at 
least one solid Surface containing a plurality of spatially sepa 
rated reaction sites, wherein said reaction sites comprise one 
or more reagents and contain a solution of at least one pho 
togenerated reagent precursor, and b) an optical system oper 
ably linked to the Substrate comprising a light source and a 
computer-controlled spatial optical modulator to form an 
irradiation pattern, which optical system selectively irradiates 
a plurality of reaction sites thereby converting the photoge 
nerated reagent precursors to photogenerated reagents 
thereby effecting a chemical reaction. 

11. The device of claim 10, wherein said spatial optical 
modulator is selected from the group consisting of digital 
micromirror device, reflective liquid crystal display device, 
and transmissive liquid crystal display device. 
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12. The device of claim 11, wherein said digital micromir 
ror device comprises a plurality of micromirrors. 

13. The device of claim 12, wherein said micromirrors are 
individual rocking mirrors. 

14. The device of claim 10, further comprising at least one 
filter in-line with said light source, wherein said filter is 
configured to generate a desired wavelength. 

15. The device of claim 10, wherein said substrate is trans 
parent. 

16. The device of claim 10, further comprising a reagent 
manifold having one or more inlets and one or more outlets, 
said manifold configured to direct at least one reagent solu 
tion to said reaction site. 

17. The device of claim 10, wherein said reaction sites are 
isolated reaction-wells. 

18. The device of claim 10, further comprising a mecha 
nism for controlling light intensity thereby controlling the 
generation of photogenerated reagents. 

19-27. (canceled) 


