
US 20060246467A1 

(12) Patent Application Publication (10) Pub. No.: US 2006/0246467 A1 
(19) United States 

Wade et al. (43) Pub. Date: NOV. 2, 2006 

(54) BIOMARKER SENSORS AND METHOD FOR 
MULTI-COLOR IMAGING AND 
PROCESSING OF SINGLE-MOLECULE LIFE 
SIGNATURES 

(75) Inventors: Lawrence A. Wade, Pasadena, CA 
(US); Charles Patrick Collier, San 
Marino, CA (U S) 

Correspondence Address: 
TOWNSEND AND TOWNSEND AND CREW, 
LLP 
TWO EMBARCADERO CENTER 
EIGHTH FLOOR 
SAN FRANCISCO, CA 94111-3834 (US) 

(73) Assignee: California Institute of Technology, 
Pasadena, CA 

(21) Appl. No.: 11/273,967 

(22) Filed: Nov. 14, 2005 

Related US. Application Data 

(60) Provisional application No. 60/627,874, ?led on Nov. 
15, 2004. 

Publication Classi?cation 

(51) Int. Cl. 
C12Q 1/68 (2006.01) 
C12M 1/34 (2006.01) 
C12M 3/00 (2006.01) 

(52) US. Cl. .......................... .. 435/6; 435/287.2; 977/924 

(57) ABSTRACT 

A device comprising an array of active regions for use in 
reacting one or more species in at least tWo of the active 
regions in a sequential process, e.g., sequential reactions. 
The device has a transparent substrate member, Which has a 
surface region. The device has a silane material overlying 
the surface region. The device has a ?rst active region 
formed overlying a ?rst portion of the silane material. In a 
speci?c embodiment, the ?rst active region has a ?rst 
dimension of less than 1 micron in siZe and has one or more 

?rst molecules capable of binding to the ?rst portion of the 
silane material. In a speci?c embodiment, the device has a 
second active region formed overlying a second portion of 
the silane material. The second active region has a second 
dimension of less than 1 micron in siZe and has one or more 

second molecules capable of binding to the second portion 
of the active region. In a speci?c embodiment, the device has 
a spatial distance separating the ?rst active region and the 
second active region. In a preferred embodiment, the spatial 
distance is characterized by a dimension of 1 micron and 
less. The device has a ?uid material in contact With the ?rst 
active region, the second active region, and the spatial 
distance according to a speci?c embodiment. The device 
also has a reactant species Within the ?uid material. The 
reactant species is capable of spatially moving from the ?rst 
active region to the second active region over the spatial 
distance of 1 micron and less Within a time of less than 10 
microseconds. 
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BIOMARKER SENSORS AND METHOD FOR 
MULTI-COLOR IMAGING AND PROCESSING OF 

SINGLE-MOLECULE LIFE SIGNATURES 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

[0001] This application claims priority to US. Provisional 
Application No. 60/627,874 ?led on Nov. 15, 2004, (Caltech 
Ref. No.: CIT-4241 -P and Townsend and Townsend and 
CreW LLP Attorney Docket No.: 020859-007800US), Which 
is hereby incorporated by reference herein in its entirety for 
all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH OR DEVELOPMENT 

[0002] The invention described herein Was made in the 
performance of Work under a NASA contract, and is subject 
to the provisions of Public LaW 96-517 (35 USC 202) in 
Which the Contractor has elected to retain title. 

BACKGROUND OF THE INVENTION 

[0003] The present invention relates generally to printing 
techniques for the manufacture of active array regions. More 
particularly, the present invention provides a method and 
system for dispensing one or more entities using a nano 
lithography technique for biomarker sensors. Merely by Way 
of example, the invention has been applied to dispensing one 
or more patterns of monolayers of materials and even single 
molecule entities using an atomic force microscope tip(s), 
commonly called Dip-Pen Nanolithography (“DPN”), 
Which is a direct-Write printing technique. But it Would be 
recogniZed that the invention has a much broader range of 
applicability. 
[0004] As time progressed, a variety of printing tech 
niques have been developed. From the early days, printing 
relied upon certain basic elements including ink, paper, and 
machined surfaces, Which bear text and/or images in relief 
that Were transferred onto the paper. Ink coated steel plates 
Were often used as the surfaces that transferred the text 
and/or images onto paper. Other printing techniques devel 
oped includes lithography, typography, xylography, and con 
ventional forms of ink jet printing, often used With computer 
applications. 
[0005] Other types of printing techniques have been used 
to form one or more arrays of biological materials (including 
molecular probes) onto surfaces of substrates. The array of 
biological materials formed on the substrate is often called 
a “biological chips.” Certain types of biological chips 
include certain spatial regions on the order of about tens of 
microns in scale. These chips have been useful to determine 
Whether one or more target molecules interact With one or 

more probe molecules on the biological chip. 

[0006] Conventional biological chips have been used for 
certain types of screening techniques. Such screening tech 
niques can be useful for determining information about 
either or both the probe and/or target molecules. As merely 
an example, a speci?c library of peptides used as probes can 
screen for one or more drugs. The peptides can be exposed 
to a receptor, and those probes that bind to the receptor can 
be identi?ed using certain techniques. Although highly 
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successful, these techniques are often limited in an ability to 
create smaller and smaller regions of biological materials. 

[0007] Various limitations exist With these conventional 
techniques. For example, these techniques often have lim 
ited resolution and can be reduced to certain spatial siZes. 
Additionally, certain types of materials are often difficult 
and/or even incompatible With applications to other types of 
substrate structures. Furthermore, these technique often can 
not provide adequate spacing betWeen the materials them 
selves to carry out sequential reactions in an e?icient man 
ner. These and other limitations are described throughout the 
present speci?cation and more particularly beloW. 

[0008] From the above, it is seen that improved technique 
for printing patterns of chemical and/or biological entities in 
a spatial manner are desired. 

BRIEF SUMMARY OF THE INVENTION 

[0009] According to the present invention, techniques for 
printing one or more patterns using mono-layers of materials 
are provided. More particularly, the present invention pro 
vides a method and system for dispensing one or more 
entities using a nano-lithography technique for biomarker 
sensors. Merely by Way of example, the invention has been 
applied to dispensing one or more patterns of monolayers of 
materials and even single molecule entities using an atomic 
force microscope tip(s), commonly called Dip-Pen Nano 
lithography (“DPN”), Which is a direct-Write printing tech 
nique. But it Would be recogniZed that the invention has a 
much broader range of applicability. For example, the inven 
tion can be applied to formation of patterns using biological 
materials, chemical materials, metal materials, polymer 
materials, solid state materials, small molecules (e.g., mol 
ecule structures of 100 atoms and less), dendrimers, DNA, 
proteins, semiconductors, insulators, organic thin ?lms, 
inorganic thin ?lms, any combination of these, and the like. 
Additionally, the method and applications can be from a 
variety of different ?elds such as electronics, semiconductor, 
inorganic chemistry, organic chemistry, life sciences, medi 
cal and diagnostics, life style, security, petroleum, agricul 
tural, biotechnology, ?nancial, molecular interaction, and 
others. 

[0010] In a speci?c embodiment, the present invention 
provides a device comprising an array of active regions for 
use in reacting one or more species in at least tWo of the 
active regions in a sequential process, e.g., sequential reac 
tions. The device has a transparent substrate member, Which 
has a surface region. In a speci?c embodiment, the substrate 
can be homogeneous and/ or layered and/or a composite. The 
substrate can be a glass, quartZ, silicon, plastic, any combi 
nation of these, and the like, according to a speci?c embodi 
ment. The device has a silane material overlying the surface 
region. The device has a ?rst active region formed overlying 
a ?rst portion of the silane material. In a speci?c embodi 
ment, the ?rst active region has a ?rst dimension of less than 
1 micron in siZe and has one or more ?rst molecules capable 
of binding to the ?rst portion of the silane material. In a 
speci?c embodiment, the device has a second active region 
formed overlying a second portion of the silane material. 
The second active region has a second dimension of less 
than 1 micron in siZe and has one or more second molecules 
capable of binding to the second portion of the active region. 
In a speci?c embodiment, the device has a spatial distance 
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separating the ?rst active region and the second active 
region. In a preferred embodiment, the spatial distance is 
characterized by a dimension of 1 micron and less. The 
device has a ?uid material in contact With the ?rst active 
region, the second active region, and the spatial distance 
according to a speci?c embodiment. The device also has a 
reactant species Within the ?uid material. The reactant 
species is capable of spatially moving from the ?rst active 
region to the second active region over the spatial distance 
of 1 micron and less Within a time of less than 10 micro 
seconds. 

[0011] In a speci?c embodiment, the present invention 
provides a method for processing an array of active regions 
for use in reacting one or more species in at least tWo of the 
active regions in a sequential process. The method includes 
providing a substrate member, Which has at least a surface 
region, a ?rst active region formed overlying a ?rst portion 
of the surface region, and a second active region formed 
overlying a second portion of the surface region. In a 
preferred embodiment, a spatial distance separates the ?rst 
active region and the second active region. In a preferred 
embodiment, the spatial distance is characterized by dimen 
sion of 1 micron and less. The method subjects the ?rst 
active region, the second active region, and the spatial 
distance With a ?uid material. The method dispenses a 
reactant species Within the ?uid material and causes move 
ment of the reactant species from the ?rst active region to the 
second active region over the spatial distance of 1 micron 
and less Within a time of less than 10 microseconds. 

[0012] In a speci?c embodiment, the present invention 
provides a method for processing one or more materials 
using a probe device, e.g., AFM probe. The method includes 
suspending a probe device coupled to a tip region (e.g., 
single Walled nanotube), Which has a determined spatial 
size, e.g., a feW nanometers and less. The method includes 
moving the probe device including the tip region toWard a 
surface of a substrate member having one or more species 
thereon, While maintaining the tip region immersed in a ?uid 
(e.g., pH neutral solution, acid solution, basic solution, 
organic solution) overlying the one or more species thereon. 
The method includes applying an electrical bias on the probe 
device relative to a reference potential to cause the tip region 
to change in electrical characteristic. The method includes 
selectively processing the one or more species. In a preferred 
embodiment, the selective processing occurs at a localized 
region of the one or more species, although there also may 
be global processing according to the application. 

[0013] In a speci?c embodiment, the present invention 
includes a system for processing one or more local regions 
on substrate members, e.g., glass, plastic, quartz, silicon, 
gelled, solid, ceramic. The system has a suspension member, 
e.g., arm. A probe device is coupled to the suspension 
member. In a speci?c embodiment, the probe device is 
coupled to a tip region, Which has a determined spatial size. 
In a speci?c embodiment, the probe device (including the tip 
region) is adapted to move toWard a surface of a substrate 
member having one or more species thereon. The system has 
an electrical drive device coupled to the probe device. In a 
speci?c embodiment, the electrical drive device is adapted 
to apply an electrical bias to the probe device relative to a 
reference potential (e.g., ground, other potential (at a region 
(e.g., substrate, ?uid, housing Wall)) to cause the tip region 
to change in electrical characteristic to cause a localized 
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change Within a vicinity (e.g., near, on and in contact) of the 
one or more species. Depending upon the embodiment, a 
single molecule entity may be subject to the localized 
change. The system has a ?uid immersing the tip region as 
the tip region moves toWard the surface. In a speci?c 
embodiment, the ?uid includes a local region, Which is 
subjected to the localized change. In a speci?c embodiment, 
the localized change is a change in a pH characteristic (or 
other characteristic) of the local region of the ?uid upon at 
least application of the electrical bias of the probe device 
from the electrical drive device. 

[0014] Numerous bene?ts can be achieved using the 
present invention over conventional techniques. As merely 
an example, the present invention can provide for an array 
of molecules having a spot size of about 1 micron and less 
according to a speci?c embodiment. Additionally, the 
present method and device can also include a spatial sepa 
ration distance of about 1 micron and less betWeen any pair 
of spots according to an embodiment of the present inven 
tion. The present techniques can also lead to improved 
throughput, e?iciency, and yield according to a speci?c 
embodiment. Still further, the present methods and systems 
provides for one or more self-assembled monolayers of 
deposited materials and/or single molecular entities overly 
ing a substrate surface (Which Were previously incompatible 
With each other) according to a speci?c embodiment. Other 
bene?ts can also be achieved according to a speci?c embodi 
ment. 

[0015] According to a speci?c embodiment, the present 
method and system can also provide for a speci?c pH 
environment. In some cases it is the reaction itself that is 
made possible using a speci?c pH environment. In other 
cases it is the equilibrium concentrations that are affected by 
pH. Control of pH, either at the molecular distance scale 
(nanoscale) or Within small, con?ned volumes, is desirable 
for biosystems to achieve highly e?icient fabrication of 
peptides, oligomers, polymers, oligosaccharides, nucleic 
acids and ribonucleic acids, e.g., four oligo. In a speci?c 
embodiment, the method and system also provides for being 
able to have chemical ?exibility to achieve certain complex 
ity of processes. Cells take advantage of the strategy of 
creating and then maintaining speci?c pH levels in 
organelles such as the Lysosome. Such compartmentaliza 
tion according to an embodiment of the present invention 
enables families of compounds to be created and reactions to 
occur at high rate, Which Would be highly unfavorable 
elseWhere in the cell. 

[0016] Similarly, We often refer to molecules such as 
proteins, or an assembly of such molecules, that locally 
manipulate the environment on the nanoscale as an enzyme 
due to their ability to catalytically enhance the rate of a 
reaction in one or more applications. Catalysts increase the 
rate of a reaction by stabilizing the transient states. A 
strategy for such enigmatic activity, typical of metal ion 
catalysis, is for the metal ion to generate a nucleophile by 
increasing the acidity of a nearby molecule such as Water in 
the hydration of CO2 by carbonic anhydrase II (see for 
example, Biochemistry, by J. M. Berg, J. L. Tymoczko and 
L. Stryer, Fifth edition, Chapter 9). The rate of bicarbonate 
formation is greatly increased by carbonic anhydrase II 
through combining regions for binding the carbon dioxide 
substrate near to Where the zinc atom generates hydroxide 
ions by facilitating the release of a proton from a Water 


















































