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(57) ABSTRACT 

An article Suitable for use as a biosensor includes a molecule 
of a formula X-R-Ch adhered to a Surface of the article as 
part of a Self-assembled monolayer. X is a functionality that 
adheres to the Surface, R is a Spacer moiety, and Ch is a 
chelating agent. A metal ion can be coordinated by the 
chelating agent, and a polyamino acid-tagged biological 
binding partner of a target biological molecule coordinated 
to the metalion. A method of the invention involves bringing 
the article into contact with a medium containing or SuS 
pected of containing the target biological molecule and 
allowing the biological molecule to biologically bind to the 
binding partner. The article is useful particularly as a Surface 
plasmon resonance chip. 



(S)EWLL 

000900090007000€0002000 ||| 0 

US 2006/0040276 A1 

0009 

|0 || 6 0000|| 

0009|| 0000Z 
[\{-} 

00092 0000€ 00098 0000; 

Patent Application Publication Feb. 23, 2006 Sheet 1 of 9 
  



(S)EWIL 

0009· 000?7000€000Z000 || .0 

US 2006/0040276 A1 

0009 0000|| 0009! 0000€ 00098 

Patent Application Publication Feb. 23, 2006 Sheet 2 of 9 
  





(S)EWIL 000?70099000900920002- 009||000 ||0090 

US 2006/0040276 A1 

0009 000/ 0008 000 || || 0002|| 

Patent Application Publication Feb. 23, 2006 Sheet 4 of 9 
  



Patent Application Publication Feb. 23, 2006 Sheet 5 of 9 US 2006/0040276 A1 

O 
O 
vs 
ve 

O 
O 
O 
y 

O 
O 
C 

O 
O 
OO 

O 
O 
N. 

lo 
9 O as I 
2 (D 

O 
O 
L) 

O 
O 
V 

O 
O 
CO 

O 
O 
CN 

O 
O 
s O O O O O O O 

O O O O O O O 
OO CO V CN O OO O 
CN CN CN CN CN vam ve 
v- v vs y H y v 



Patent Application Publication Feb. 23, 2006 Sheet 6 of 9 US 2006/0040276 A1 

O 
O 
N 

O 
D 

CO 

O 
O 

go 
2 CD H 

g n 
Vr 

O 
? 
CO 

O 
O 
CN 

O 
O 

yer 
O O O O O O 
O O O O O O 
V V V V V St 
CO t V co CN ve 
ve- s ve ve ves s 



Patent Application Publication Feb. 23, 2006 Sheet 7 of 9 US 2006/0040276 A1 

O 
C 
O 
CN 

O 
O 

o 

- N. 
9 

O 3 a CD 
- 

O 
O 
l?o 

O 



Patent Application Publication Feb. 23, 2006 Sheet 8 of 9 US 2006/0040276 A1 

2O 
32 32 32 

G G G 

/ 34 / 34 / 34 30 

28 YN d G d 

24 
NQQQQQQQQQQQQQQQQQQa 
Z2-22 

FIG.8 

24 

26 
2 

NS 

Z 
FIG.9 

  



Patent Application Publication Feb. 23, 2006 Sheet 9 of 9 US 2006/0040276 A1 

24 

26 NS 
2 2 

FIG.10 

  



US 2006/0040276 A1 

MOLECULAR RECOGNITION AT SURFACES 
DERVATIZED WITH SELF-ASSEMBLED 

MONOLAYERS 

RELATED APPLICATIONS 

0001. This application is a continuation-in-part, and a 
divisional, of U.S. patent application Ser. No. 08/312,388, 
filed Sep. 26, 1994 by Bamdad, et al., now pending. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to the 
derivatization of Surfaces for determination of analytes, for 
example from a fluid medium using a biological binding 
partner of the analyte. More particularly, the invention 
relates to the formation on a metal Surface of a Self 
assembled molecular monolayer that exposes a binding 
partner to an analyte medium in a manner Such that analysis 
of high Sensitivity obtains. 

BACKGROUND OF THE INVENTION 

0.003 Biochemical analyses are invaluable, routine tools 
in health-related fields Such as immunology, pharmacology, 
gene therapy, and the like. In order to Successfully imple 
ment therapeutic control of biological processes, it is 
imperative that an understanding of biological binding 
between various species is gained. Indeed, an understanding 
of biological binding between various species is important 
for many varied fields of Science. 
0004. Many biochemical analytical methods involve 
immobilization of a biological binding partner of a biologi 
cal molecule on a Surface, exposure of the Surface to a 
medium Suspected of containing the molecule, and determi 
nation of the existence or extent of molecule coupling to the 
Surface-immobilized binding partner. 
0005 One such technique recently introduced is surface 
plasmon resonance. This technique utilizes a glass slide 
having a first Side on which is a thin metal film and a Second 
Side opposite the first side (known in the art as a Sensor 
chip), a prism, a Source of monochromatic and polarized 
light, a photodetector array, and an analyte channel that 
directs a medium Suspected of containing an analyte to the 
exposed Surface of the metal film. A face of the prism is 
Separated from the Second side of the glass slide (the Side 
opposite the metal film) by a thin film of refractive index 
matching fluid. Light from the light Source is directed 
through the prism, the film of refractive index matching 
fluid, and the glass slide So as to Strike the metal film at an 
angle at which total internal reflection of the light results, 
and an evanescent field is therefore caused to extend from 
the prism into the metal film. This evanescent field can 
couple to an electromagnetic Surface wave (a Surface plas 
mon) at the metal film, causing Surface plasmon resonance. 
0006 Coupling is achieved at a specific angle of inci 
dence of the light with respect to the metal film (the SPR 
angle), at which the reflected light intensity goes through a 
minimum due to the resonance. This angle is determined by 
a photodetector array as the angle of reflectance and is 
highly Sensitive to changes in the refractive index of a thin 
layer adjacent to the metal Surface. Thus it is highly Sensitive 
to coupling of an analyte to the Surface of the metal film. For 
example, when a protein layer is adsorbed onto the metal 
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Surface from an analyte-containing medium delivered to the 
surface by the analyte channel, the SPR angle shifts to larger 
values, and this shift is measured by the photodetector array. 
An article by Stenberg, Persson, Roos, and Urbaniczky, 
entitled “Ouantitative Determination of Surface Concentra 
tion of Protein with Surface Plasmon Resonance Using 
Radiolabeled Proteins”, Journal of Colloid and Interface 
Science, 43: 2, 513-526 (1991), and references therein, 
describe the technique of Surface plasmon resonance. Instru 
mentation for analysis via Surface plasmon resonance is 
available from Pharmacia Biosensor, Piscataway, N.J., under 
the trademark BIAcore TM. 

0007 Although the introduction of SPR represents an 
extremely valuable contribution to the Scientific community, 
current state-of-the-art SPR instrumentation lacks the sen 
Sitivity needed to detect and analyze certain biological 
interactions that are at the forefront of Scientific inquiry. 
Experimentation conducted in connection with the instant 
invention has led to identification of Several complications 
asSociated with prior art Sensor chips, which complications 
hinder the sensitivity of current SPR techniques. According 
to one technique for immobilization of a binding partner of 
an analyte on a Surface plasmon resonance Sensor chip, 
long-chain hydroxyalkyl thiols are adsorbed onto a gold 
Surface as a monolayer, the monolayer's exposed hydroxy 
groups are activated with epichlorohydrin under basic con 
ditions to form epoxides, a carboxylated dextrangel layer is 
covalently attached to the monolayer, and a proteinaceous 
binding partner of an analyte is first electrostatically 
adsorbed onto the dextrangel layer and then covalently 
attached thereto. This technique is described in an article by 
Lofas and Johnsson entitled, “A Novel Matrix on Gold 
Surfaces in Surface Plasmon Resonance Sensors for Fast 
and Efficient Covalent Immobilization of Ligands”, J. 
Chem. Soc. Chem. Comm. 1526-1528 (1990). 
0008. The effectiveness of this approach is hindered by 
Several factors. First, covalent attachment of the proteina 
ceous binding partner to the gel can affect the binding 
partner's viability, or activity. Second, covalent attachment 
of the binding partner to the gel can not be effected with 
control over the orientation of the binding partner with 
respect to the Surface of the chip (and, importantly, with 
respect to an analyte-containing medium). Third, non-spe 
cific interactions at the gel are promoted by the negative 
charge that it carries. 

0009. According to another technique, a mixed mono 
layer of hydroxyl and biotin-terminated alkane thiols is 
prepared on a gold Surface, Streptavidin is bound to the 
Surface-bound biotin, and biotin-labeled proteins, that are 
binding partners of analytes, then are attached to empty Sites 
on the streptavidin. However, because biotin must be 
covalently attached to the protein, this approach lackS con 
trol over orientation of the binding partner with respect to 
the analyte medium, and inactivation of the proteinaceous 
binding partner due to the formation of covalent linkage can 
occur. This technique is described in an article by Spinke, 
Liley, Guder, Angermaier, and Knoll entitled, “Molecular 
Recognition at Self-Assembled Monolayers: The Construc 
tion of Multicomponent Multilayers”, Langmuir, 9, 1821 
1825 (1993). 
0010. Accordingly, a general purpose of the present 
invention is to provide an easily-synthesized chemical Spe 
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cies that readily adheres to a Surface, and that facilitates 
Surface immobilization of a binding partner of a molecule 
desirably captured at the Surface with a high degree of 
Sensitivity and minimal to Zero non-specific binding. It is 
another purpose of the invention to provide an article with 
a Surface having a high degree of Sensitivity for a biological 
molecule. Another purpose of the invention is to provide a 
method of capturing a biological molecule, for example at a 
biosensor Surface, by exploiting biological binding interac 
tions that are extremely Sensitive to molecular conformation 
and molecular orientation. 

Nomenclature 

0.011 The following definitions are provided to facilitate 
a clear understanding of the present invention. 
0012. The term, “chelating agent” refers to an organic 
molecule having unshared electron pairs available for dona 
tion to a metalion. The metalion is in this way coordinated 
by the chelating agent. Two or more neighboring amino 
acids can act as a chelating agent. 
0013 The terms, “bidentate chelating agent”, “tridentate 
chelating agent', and “quadradentate chelating agent” refer 
to chelating agents having, respectively, two, three, and four 
electron pairs readily available for Simultaneous donation to 
a metal ion coordinated by the chelating agent. 
0.014. The term “biological binding” refers to the inter 
action between a corresponding pair of molecules that 
exhibit mutual affinity or binding capacity, typically specific 
or non-specific binding or interaction, including biochemi 
cal, physiological, and/or pharmaceutical interactions. Bio 
logical binding defines a type of interaction that occurs 
between pairs of molecules including proteins, nucleic acids, 
glycoproteins, carbohydrates, hormones and the like. Spe 
cific examples include antibody/antigen, antibody/hapten, 
enzyme/Substrate, enzyme/inhibitor, enzyme/cofactor, bind 
ing protein/Substrate, carrier protein/Substrate, lectin/carbo 
hydrate, receptor/hormone, receptor/effector, complemen 
tary Strands of nucleic acid, protein/nucleic acid repressor/ 
inducer, ligand/cell Surface receptor, Virus/ligand, etc. 
0.015 The term “binding partner” refers to a molecule 
that can undergo biological binding with a particular bio 
logical molecule. For example, Protein A is a binding partner 
of the biological molecule IgG, and Vice versa. 
0016. The term “biological molecule” refers to a mol 
ecule that can undergo biological binding with a particular 
biological binding partner. 

0.017. The term “recognition region” refers to an area of 
a binding partner that recognizes a corresponding biological 
molecule and that facilitates biological binding with the 
molecule, and also refers to the corresponding region on the 
biological molecule. Recognition regions are typified by 
Sequences of amino acids, molecular domains that promote 
Van der Waals interactions, areas of corresponding mol 
ecules that interact physically as a molecular "lock and key”, 
and the like. 

0.018. The term “coordination site' refers to a point on a 
metal ion that can accept an electron pair donated, for 
example, by a chelating agent. 

0019. The term “free coordination site' refers to a coor 
dination Site on a metal ion that is occupied by a water 
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molecule or other species that is weakly donating relative to 
a polyamino acid tag, Such as a histidine tag. 
0020. The term “coordination number” refers to the num 
ber of coordination Sites on a metalion that are available for 
accepting an electron pair. 
0021. The term “coordinate bond” refers to an interaction 
between an electron pair donor and a coordination site on a 
metal ion leading to an attractive force between the electron 
pair donor and the metal ion. 
0022. The term “coordination” refers to an interaction in 
which one multi-electron pair donor, Such as a chelating 
agent or a polyamino acid tag acting as a chelating agent, 
coordinatively bonds (is “coordinated”) to one metal ion 
with a degree of Stability great enough that an interact-on 
that relies upon Such coordination for detection can be 
determined by a biosensor. The metal ion is coordinated by 
the multi-electron pair donor. 
0023 The term “solid phase” refers to any material 
insoluble in a medium containing a target molecule or 
biological molecule that is desirably captured in accordance 
with the invention. This term can refer to a metal film, 
optionally provided on a Substrate. 
0024. The term “surface” refers to the outermost acces 
Sible molecular domain of a Solid phase. 
0025 The term “capturing” refers to the analysis, recov 
ery, detection, or other qualitative or quantitative determi 
nation of an analyte in a particular medium. The medium is 
generally fluid, typically aqueous. The term, "captured', 
refers to a State of being removed from a medium onto a 
Surface. 

0026. The term “target mclecule” refers to a molecule, 
present in a medium, which is the object of attempted 
capture. 

0027. The term “determining” refers to quantitative or 
qualitative analysis of a Species via, for example, Spectros 
copy, ellipSometry, piezoelectric-measurement, immunoas 
Say, and the like. 
0028. The term “immobilized”, used with respect to a 
Species, refers to a condition in which the Species is attached 
to a Surface with an attractive force Stronger than attractive 
forces that are present in the intended environment of use of 
the Surface and that act on the Species, for example Solvating 
and turbulent forces. Coordinate and covalent bonds are 
representative of attractive forces Stronger than typical envi 
ronmental forces. For example, a chelating agent immobi 
lized at a Surface, the Surface being used to capture a 
biological molecule from a fluid medium, is attracted to the 
Surface with a force Stronger than forces acting on the 
chelating agent in the fluid medium, for example Solvating 
and turbulent forces. 

0029. The term “non-specific binding” (NSB) refers to 
interaction between any Species, present in a medium from 
which a target or biological molecule is desirably captured, 
and a binding partner or other species immobilized at a 
Surface, other than desired biological binding between the 
biological molecule and the binding partner. 

0030) The term “self-assembled monolayer” refers to a 
relatively ordered assembly of molecules Spontaneously 
chemisorbed on a Surface, in which the molecules are 
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oriented approximately parallel to each other and roughly 
perpendicular to the Surface. Each of the molecules includes 
a functional group that adheres to the Surface, and a portion 
that interacts with neighboring molecules in the monolayer 
to form the relatively ordered array. See Laibinis, P. E.; 
Hickman, J.; Wrighton, M. S.; Whitesides, G. M. Science 
245, 845 (1989), Bain, C.; Evall, J.; Whitesides, G. M. J. 
Am. Chem. Soc. 111,7155-7164 (189), Bain, C.; Whitesides, 
G. M. J. Am. Chem. Soc. 111, 7164-7175 (1989), each of 
which is incorporated herein by reference. 
0031. The term “self-assembled mixed monolayer” refers 
to a heterogeneous Self-assembled monolayer, that is, one 
made up of a relatively ordered assembly of at least two 
different molecules. 

SUMMARY OF THE INVENTION 

0.032 The foregoing and other objects and advantages of 
the invention are achieved by providing a molecule having 
a formula X-R-Ch, in which X represents a functional 
group that adheres to Surface Such as a gold Surface, R 
represents a Spacer moiety that promotes formation of a 
Self-assembled monolayer of a plurality of the molecules, 
and Ch represents a bidentate, tridentate, or quadradentate 
chelating agent that coordinates a metal ion. The chelating 
agent includes a chelating moiety and a non-chelating linker 
moiety, Such that it can be covalently linked via its linker 
moiety to the Spacer moiety while allowing the chelating 
moiety to coordinate a metal ion. According to a preferred 
aspect of the invention a metal ion is coordinated to the 
chelating agent, and a binding partner of a target molecule 
is coordinated to the metal ion. This arrangement is facili 
tated by Selecting the chelating agent in conjunction with the 
metalion Such that the chelating agent coordinates the metal 
ion without completely filling the ions coordination sites, 
allowing the binding partner to coordinate the metal ion via 
coordination sites not filled by the chelating agent. Accord 
ing to one aspect of the invention the binding partner is a 
biological Species that includes a polyamino acid tag, Such 
as a tag made up of at least two histidine residues, that 
coordinates the metalion. In this context the term “adhere' 
means to chemisorb in the manner in which, for example, 
alkylthiols chemisorb to gold. 

0033. The present invention also provides a species hav 
ing a formula X-R-Ch-M-BP-BMol, in which X represents 
a functional group that adheres to a Surface, R represents 
Self-assembled monolayer-promoting Spacer moiety, Ch rep 
resents a chelating agent that coordinates a metal ion, M 
represents a metalion coordinated by the chelating agent, BP 
represents a biological binding partner of a biological mol 
ecule, and BMol represents the biological molecule. The 
binding partner is coordinated to the metal ion. 
0034. The invention also provides an article including a 
Solid phase that has a Surface. A plurality of chelating agents 
are immobilized at the Surface in Such a way that essentially 
each of the chelating agents is oriented So as that the 
chelating moiety of the agent, that is the electron donating 
portions of the agent, face in a direction away from the 
Surface and is unencumbered by Species, Such as other 
chelating agents, that would interfere with the chelating 
function. This can be accomplished by isolating the chelat 
ing agent at the Surface by non-chelating Species. In this way 
each chelating agent can coordinate a metal ion So as to 
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expose in a direction away from the Surface at least two free 
metal coordination sites. According to one aspect of the 
invention the article includes a Surface and a Self-assembled 
mixed monolayer adhered to the Surface and formed of at 
least a first and a Second Species. The first Species has a 
formula X-R-Ch, where X, R, and Ch are each selected 
Such that X represents a functional group that adheres to the 
Surface, R represents a Spacer moiety that promotes Self 
assembly of the mixed monolayer, and Ch represents a 
chelating agent that coordinates a metal ion. The Second 
Species is Selected to form a mixed Self-assembled mono 
layer with the first Species, and the mixed monolayer is made 
up of at least 70 mol percent of the Second Species. The 
Second species preferably is a species Selected to inhibit 
non-specific binding of a protein to the Surface. 
0035. According to a preferred aspect, the article is 
Suitable for capturing a biological molecule. According to 
this aspect a Self-assembled mixed monolayer, formed of a 
first Species and a Second Species, is adhered to the Surface. 
The first species has a formula X-R-Ch-M-BP, where X, R, 
Ch, M, and BP are each selected such that X represents a 
functional group that adheres to the Surface, R represents a 
Spacer moiety that promotes Self-assembly of the mixed 
monolayer, Ch represents a chelating agent that coordinates 
a metal ion, M represents a metal ion, and BP represents a 
binding partner of the biological molecule. The binding 
partner is coordinated to the metal ion. The Second Species 
is Selected to form a mixed, Self-assembled monolayer with 
the first Species, and according to a preferred aspect the 
second species has a formula, X-R-O-(CHCH 
O)-H, in which X represents a functional group that 
adheres to the Surface, R represents a Spacer moiety that 
promotes formation of a Self-assembled monolayer of a 
plurality of the molecules, and n is from one to ten. The 
article can be constructed and arranged to facilitate instru 
mental determination of an analyte, and according to a 
preferred aspect is a biosensor element Such as a SPR chip. 
0036) The present invention also provides a method of 
making an article for capturing a target molecule. The 
method of making the article includes formulating a Solution 
containing a mixture of at least a first and a Second Species, 
and exposing to the Solution a Surface of the article for a 
period of time sufficient to form a self-assembled mixed 
monolayer of the first and Second Species on the Surface. The 
first species has a formula X-R-Ch as described above. The 
Second Species is Selected to form a mixed Self-assembled 
monolayer with the first Species, and the Second and first 
Species are present in the Solution at a molar ratio of at least 
70:30. 

0037. The present invention also provides a method of 
capturing a biological molecule. The method involves con 
tacting a medium Suspected of containing the biological 
molecule with a Solid phase that has a Surface carrying a 
plurality of binding partners of the biological molecule, in 
which essentially all of the binding partners are oriented to 
expose away from the Surface a recognition region for the 
biological molecule. The biological molecule then is 
allowed to biolc=ically bind to the binding partner, and the 
biological molecule bound to the binding partner then can be 
determined. According to one aspect the method involves 
providing a Solid phase having a Surface, a chelating agent 
immobilized at the Surface, a metal ion coordinated by the 
chelating agent, and a biological binding partner of the 
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biological molecule coordinated to the metalion. According 
to this aspect the Surface is brought into contact with a 
medium Suspected of containing the biological molecule for 
a period of time Sufficient to allow the biological molecule 
to biologically bind to the binding partner. 

0.038. The present invention provides another method of 
capturing a biological molecule. The method involves pro 
Viding a Solid phase having a Surface, and a metal ion 
immobilized at the Surface in Such a way that the metal ion 
has at least two free coordination Sites. A biological binding 
partner of a biological molecule is coordinated to the metal 
ion via a polyamino acid tag, and a medium containing the 
biological molecule is brought into contact with the Surface, 
whereupon the biological molecule is allowed to biologi 
cally bind to the binding partner. The biological molecule 
then can be determined. 

0.039 The present invention provides yet another method 
of capturing a biological molecule. This method involves 
providing a Solid phase that has a Surface having adhered 
thereto a species having a formula X-R-Ch-M-BP, in 
which X represents a functional group that adheres to the 
Surface, R represents a Self-assembled monolayer-promoting 
Spacer moiety, Ch represents a chelating agent that coordi 
nates a metal ion, M represents a metal ion coordinated by 
the chelating agent, and BP represents a binding partner of 
the biological molecule, coordinated to the metal ion. A 
target molecule then is allowed to biologically bind to the 
binding partner. The biological molecule then can be deter 
mined, for example by detecting a physical change associ 
ated with the Surface. 

0040. An article provided in accordance with the inven 
tion can be a biosensor element, Such as a SPR chip, and the 
determination carried out by measuring Surface plasmon 
resonance associated with the chip. The methods of the 
invention that involve capturing a molecule can involve 
removal of a preselected molecule, Such as a biological 
molecule, from a fluid medium. 

0041. The present invention also provides sensing ele 
ments fashioned as described above and Suitable for use in 
a biosensor, for determination of a biological molecule and 
in particular a molecule that is a binding partner of a nucleic 
acid Strand. A particularly preferred Sensing element 
includes a Substrate, a metal film having a Surface, and a 
self-assembled monolayer of a species X-R-NA or X-R- 
NA-NAB. X represents a functional group that adheres to 
the Surface, R represents a Spacer moiety that promotes 
formation of a self-assembled monolayer of a plurality of the 
Species, NA represents a nucleic acid Strand, and NAB 
represents a nucleic acid Strand that is a binding partner of 
NA and a binding partner of the biological molecule to be 
determined. 

0042. The present invention also provides a kit including 
an article having a Surface and a molecule X-R-Ch, both as 
described above. The kit can include M and BP, either 
separately or combined as species X-R-Ch-M or X-R- 
Ch-M-BP, where X, R, Ch, M, and BP are as described 
herein. The kit also can include X-R-NA, optionally with 
NAB, or X-R-NA-NAB as described herein. 

0.043 Another aspect of the invention is the article 
formed when the foregoing molecule(s) is adhered to a 
Surface, preferably gold. In this embodiment the article has 
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a chelating agent as described above attached to a Spacer 
moiety as described above which in turn is adhered via X. 

0044) In another aspect the invention provides a self 
assembled monolayer including a species X-R-Ch as 
described above, wherein at least 90% of the Ch units are 
isolated from all other Chunits. In one embodiment, the Ch 
units are isolated from each other by at least 5 nm. They can 
be isolated from each other by a biologically-inert self 
assembled monolayer-forming species. 

0045. In another aspect, the invention provides a self 
assembled monolayer-forming Species including a nucleic 
acid Strand. The nucleic acid Strand can be Single-Stranded 
DNA or double-stranded DNA, or another species. The 
nucleic acid Strand can be a Single nucleic acid Strand free 
of hybridization from a complementary Strand, and/or can 
form a part of a Self-assembled monolayer of other nucleic 
acid Strand Species. The nucleic acid Strand can be 
covalently coupled to a Self-assembled monolayer-forming 
Species, thereby forming a part of a Self-assembled mono 
layer. 

0046) The invention also provides a single nucleic acid 
Strand that is immobilized at a Surface, which immobiliza 
tion can be covalent immobilization, and the Strand is not 
removable from the Surface under disasSociation conditions 
and is free of hybridization to any nucleic acid Strand not 
removable from the Surface under disasSociation conditions. 
The nucleic acid Strand, according to this aspect, can be 
hybridized to a complementary nucleic acid Strand that is 
disasSociable from the Single Strand under disasSociation 
conditions. 

0047 According to another aspect, the invention pro 
vides a Surface on which is a Self-assembled monolayer 
including a plurality of Self-assembled monolayer-forming 
Species each including a nucleic acid Strand. At least 90% of 
the nucleic acid Strands are biologically isolated from all 
other nucleic acid strands in this aspect. At least 90% of the 
nucleic acid Strands are isolated from each other by at least 
5 nm according to one embodiment, and can be isolated 
from each other by a biologically inert self-assembled 
monolayer-forming Species. 

0048. According to another aspect, the invention pro 
vides a method including providing a single nucleic acid 
Strand immobilized at a Surface, and allowing a biological 
binding partner of the nucleic acid Strand to biologically 
bind to the Strand. The Single nucleic acid Strand can be 
covalently immobilized to the surface or immobilized in any 
other way as part of a Self-assembled monolayer in preferred 
embodiments, and preferably is isolated from other Single 
nucleic acid Strands as described above. Alternatively, 
double-Stranded nucleic acid can be immobilized at the 
Surface in this way. In one embodiment, the biological 
binding partner is a nucleic acid Strand that is complemen 
tary to the nucleic acid Strand immobilized at the Surface. In 
another embodiment the binding partner is a protein or the 
like. 

0049 Other advantages, novel features and objects of the 
invention will become apparent from the following detailed 
description of the invention when considered in conjunction 
with the accompanying drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

0050 
0051 FIG. 1 is a SPR sensorgram illustrating response of 
a prior art chip carrying Gal 11 to SRB2; 

In the drawings: 

0.052 FIG. 2 is a SPR sensorgram illustrating response of 
a chip derivatized in accordance with the present invention, 
and carrying Gal 11, to SRB2; 
0.053 FIG. 3 is a SPR sensorgram illustrating response of 
a prior art chip carrying a T cell receptor (ABC) to mono 
clonal antibodies Cl and BF1; 
0.054 FIG. 4 is a SPR sensorgram illustrating response of 
a chip, derivatized in accordance with the present invention 
and carrying a T cell receptor (ABC), to monoclonal anti 
bodies C1 and BF1, and 
0055 FIG. 5 is a SPR sensorgram illustrating response of 
a chip, derivatized in accordance with the invention to 
present a single-Stranded nucleotide Sequence, first to 
double-stranded DNA carrying a single-stranded “tail” 
Scrambled with respect to that presented by the chip, and 
then to a single-Stranded “tail” complementary to that pre 
Sented by the chip; 
0056 FIG. 6 is a SPR sensorgram illustrating response of 
the chip of FIG. 5 to double-stranded DNA without a “tail”; 
0057 FIG. 7 is a SPR sensorgram illustrating response of 
a chip carrying double-stranded DNA including 2Gal4 bind 
ing sites to GalA and to Lex B17; 
0.058 FIG. 8 is a schematic illustration of a surface 
derivatized with a mixed SAM formed of an inert major 
component and a minor component that includes a nucleic 
acid Strand; 

0059 FIG. 9 is a schematic illustration of the SAM of 
FIG. 8 following hybridization with double-stranded DNA 
having a “tail” complementary to the nucleic acid Strand 
presented by the Surface after hybridization, ligation, and 
restriction; and 
0060 FIG. 10 is a schematic illustration of hybridization 
of double-stranded DNA, ligated with the same restriction 
enzyme used to ligate the double-stranded DNA immobi 
lized at the surface, to the DNA of the surface followed by 
ligation and disassociation. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0061 U.S. patent application Ser. No. 08/312,388, filed 
Sep. 26, 1994 by Bamdad, et al., entitled “Molecular Rec 
ognition at Surfaces Derivatized with Self-Assembled 
Monolayers', now pending, is incorporated herein by ref 
erence. A commonly owned, co-pending application entitled 
"Surface-Immobilized Nucleic Acid and Electron Transfer 
Devices and Methods Employing the Same” of Bamdad, et 
al., filed on even date here with, is incorporated herein by 
reference as well. 

0062) The present invention provides, according to one 
aspect, a method of capturing a biological molecule at a 
Surface, using a biological binding partner of the molecule 
that is immobilized at the Surface. In the case of many 
biological molecules, biological binding is extremely Sen 
Sitive to orientation and conformation of the members 
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involved in the binding, that is, the biological molecule and 
the binding partner. Accordingly, the manner of presentation 
of the banding partner at the Surface to a medium containing 
the biological molecule is directly related to the Sensitivity, 
and Success, of the technique. 
0063. Accordingly, one method of the present invention 
provides a chelating agent immobilized at a Surface of a 
Solid phase, a metal ion coordinated by the chelating agent, 
and a biological binding partner of the biological molecule 
coordinated to the metal ion. the biological binding partner 
includes a polyamino acid tag that coordinates the metalion, 
and a recognition region for the biological molecule remote 
from the polyamino acid tag. A medium containing the 
biological molecule is brought into contact with the Surface 
for a period of time sufficient to allow the biological 
molecule to biologically bind to the binding partner. 
0064. The chelating agent and metalion are selected Such 
that at least two free coordination Sites remain on the metal 
ion after coordination by the chelating agent, and the chelat 
ing agent is oriented So as to expose away from the Surface 
the free coordination sites. It is especially preferred that the 
at least two free coordination sites of the metal are adjacent 
to each other. Thus, a biological binding partner that 
includes both a polyamino acid tag that coordinates the 
metal ion, and a recognition region for the biological mol 
ecule that is remote from the polyamino acid tag, is readily 
immobilized at the surface by coordination to the ion. In this 
State the binding partner exposes away from the Surface the 
recognition region. In accordance with the method, Superior 
biological binding is observed between a biological mol 
ecule in a medium contacted with the Surface, and the 
Surface-immobilized binding partner. 
0065. The present invention provides an article that can 
facilitate the above and other methods of the invention. The 
article includes a Solid phase having a Surface and a Self 
assembled mixed monolayer adhered to the Surface, the 
mixed monolayer formed of at least a first species and a 
Second Species. The first Species has a formula X-R-Ch, in 
which X, R, and Chare each selected such that X represents 
a functional group that adheres to the Surface, R represents 
a Spacer moiety that promotes Self-assembly of the mixed 
monolayer, and Ch represents a chelating agent that coor 
dinates a metal ion. The Second Species is Selected to form 
a mixed Self-assembled monolayer with the first species, and 
the molar ratio of the Second to the first Species is at least 
70:30. According to a preferred embodiment, the molar ratio 
is at least 80:20, according to a more preferred embodiment 
the molar ratio is at least 90:10, and according to a particu 
larly preferred embodiment, the mixed monolayer is made 
up of about 95 mol % of the second species and about 5 mol 
% of the first species. A variety of Spectroscopic techniques 
are available to those of ordinary skill in the art for deter 
mining a final ratio of first and Second Species immobilized 
at a Surface. 

0066 According to an aspect of the invention particularly 
useful in the above-described and other articles and meth 
ods, a metalion is coordinated to the chelating agent, and the 
metalion and chelating agent are Selected So that at least two 
coordination Sites of the metal remain free after coordination 
by the chelating agent. One embodiment of this aspect of the 
invention is facilitated by the above-described molar ratio of 
the Second to the first Species of the invention, as discussed 
below. 
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0067. A mixed monolayer of the first and second species 
in the molar ratio of the invention is important to the 
Superior Sensitivity of the article. The molar ratio provides 
for isolation of each chelating agent immobilized at the 
Surface. That is, each chelating agent is separated from other 
chelating agents by a distance Sufficient to assure that each 
metal ion presented to the Surface is coordinated by one 
chelating agent only, rather than being tethered by coordi 
nate bonds to two or more chelating agents. This is important 
for Several reasons, including the following. When each 
metal ion is coordinated by one chelating agent, the number 
of free coordination sites on the metal available for further 
coordinate bonding is controlled. That is, Selection of a 
chelating agent and a metal ion can be made in Such a 
manner that the ratio of chelating agents to metal ions at the 
Surface is essentially 1:1, and a desired number of free 
coordination sites exist on each metal after coordination by 
the chelating agent. In contrast, if chelating agents are 
present at the Surface in Sufficient proximity to each other 
Such that more than one chelating agent can form coordinate 
bonds with a single metalion, the metal ion can be coordi 
nated at more than a desired number of coordination sites by 
the multiple chelating agents, leaving less than a desired 
number of free coordination site for further coordinate 
bonding. Additionally, in Such a situation control over 
orientation of the any free coordination Sites on the metalion 
can be lost; free coordination Sites may not face away from 
the Surface, but may face in a direction inaccessible by a 
Species desirably Subsequently coordinated to the metal ion 
at the Surface. 

0068. Further, in Such a situation in which a chelating 
agent can form a coordinate bond with more than one metal 
ion, one or more electron pairs of a chelating agent available 
for donation can remain uninvolved in coordinate bonding, 
which can lead to NSB at the Surface. In short, the molar 
ratio of the Second to the first Species provides control Such 
that the metalion is coordinated as stably as possible (lowest 
possible energy State between chelating agents and metal 
ions), is oriented with free coordination sites facing away 
from the Surface, and NSB at the Surface is minimized or 
eliminated. 

0069. According to one aspect of the invention, the 
Second Species is Selected to expose to the medium contain 
ing the biological molecule a functionality that inhibits 
NSB. Specifically, a functionality is selected to inhibit NSB 
of Species present at relatively high concentration in a 
medium in which the biological molecule is presented to the 
Surface. That is, the Second Species is Selected among those 
that include chemical functionality, at the end of the mol 
ecule opposite the functionality that adheres to the Surface, 
that does not bind species in the medium (the end opposite 
the functionality that adheres to the Surface is presented to 
the medium, or “exposed at the Surface). 
0070 The second species has a formula X-R-NSBi, 
where NSBi is a NSB-inhibitor. NSBi can be selected from 
such groups as -CH; -OH,-O(CH), H, where n=1-15, 
preferably 1-7, -CONH(CH), H, where n=1-15, prefer 
ably 1-7, -NHCO(CH), H, where n=1-15, preferably 1-7; 
-(OCHCH), H, where n=1-15, preferably 1-7; -COOH: 
-O(CHCH-O), H (where n=1-10); -(CF), CF, where 
n=1-20, preferably 1-8; olefins, and the like. Preferred are 
-CH, -OH, and -O(CHCH-O), H. According to a 
preferred embodiment in which a medium containing bio 
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logical, particularly proteinaceous, Species contacts the Sur 
face, the Second Species preferably has a formula X-R- 
O-(CHCH-O), H, in which X represents a functional 
group that adheres to the Surface, R represents a Spacer 
moiety that promotes formation of a Self-assembled mono 
layer of a plurality of the molecules, and n is from one to ten. 
According to a more preferred embodiment, n is from 2 to 
5, and according to a particularly preferred embodiment, in 
is 3. 

0071. The surface, and the functional group X that 
adheres to the Surface, can be selected among a wide variety 
known to those of skill in the field of Surface Science. A 
nonlimiting exemplary list of combinations of Surface mate 
rials and functional groupS X Suitable for use in the present 
invention follows. Although the following list categorizes 
certain preferred materials with certain preferred functional 
groups which firmly bind thereto, many of the following 
functional groups would be Suitable for use with exemplary 
materials with which they are not categorized, and any and 
all Such combinations are within the Scope of the present 
invention. Preferred Surface materials include metals. Such as 
gold, Silver, copper, cadmium, Zinc, palladium, platinum, 
mercury, lead, iron, chromium, manganese, tungsten, and 
any alloys of the above with Sulfer-containing functional 
groupS X Such as thiols, Sulfides, disulfides, and the like; 
doped or undoped Silicon with Silanes and chlorosilanes, 
metal oxides Such as Silica, alumina, quartz, glass, and the 
like with carboxylic acids, platinum and palladium with 
nitrites and isonitriles, and copper with hydroxamic acids. 
Additional Suitable functional groups include acid chlorides, 
anhydrides, Sulfonyl groups, phosphoryl groups, hydroxyl 
groupS and amino acid groups. Additional Surface materials 
include germanium, gallium, arsenic, and gallium arsenide. 
Additionally, epoxy compounds, polysulfone compounds, 
plastics and other polymerS may find use as a Surface 
material in the present invention. Additional materials and 
functional groups Suitable for use in the present invention 
can be found in U.S. Pat. No. 5,079,600, issued Jan. 7, 1992, 
incorporated herein by reference. 
0072 According to a more preferred embodiment, a 
combination of gold as Surface material and a functional 
group X having at least one Sulfer-containing functional 
group Such as a thiol, Sulfide, or disulfide is Selected. The 
interaction between gold and Such Sulfer-containing func 
tional groups is a well-Studied Science, and a nonlimiting 
representative exemplary list of Such Sulfer-containing func 
tionalities may be found in an article entitled “Wet Chemical 
Approaches to the Characterization of Organic Surfaces: 
Self-Assembled Monolayers, Wetting and the Physical-Or 
ganic Chemistry of the Solid-Liquid Interface”, by G. W. 
Whitesides and Paul E. Laibinis, Langmuir, 6, 87 (1990), 
incorporated herein by reference. Particularly preferred in 
the present invention is a gold Surface, and a thiol as 
functional group X. 
0073. The spacer moiety R can be selected from among 
organic Spacer moieties that promote formation of Self 
assembled monolayers. Such moieties are well-known to 
those of ordinary skill in the art, as described in the 
above-referenced articles by Laibinis, et al. Science 245,845 
(1989), Bain, et al. J. Am. Chem. Soc. 111, 7155-7164 
(1989), and Bain, C, et al. J. Am. Chem. Soc. 111,7164-7175 
(1989). Preferred moieties Rare hydrocarbon chains option 
ally interrupted by hetero groups, of a length of at least eight 
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carbon atoms. AS used herein, "hydrocarbon' is meant to 
define includes alkyl, alkenyl, alkynyl, cycloalkyl, aryl, 
alkaryl, aralkyl, and the like. Hetero groups can include 
-O-, -CONH-, -CONHCO-, -NH-, -CSNH-, 
CO-, CS-, S-, SO-, (OCHCH), R 

(where n=1-20, preferably 1-8), -(CF), (where n=1-20, 
preferably 1-8), olefins, and the like. It is important that the 
R is a Self-assembled monolayer-promoting moiety. 
Whether or not a particular moiety promotes formation of a 
Self-assembled monolayer can be routinely determined by 
one of ordinary skill in the art, optionally in accordance with 
the teachings of the preceding references, using for example 
Surface spectroscopic techniques. 

0.074 According to a preferred embodiment, 
R=-(CH), , where n is from about 8 to about 24, 
preferably from about 10 to about 20, most preferably from 
about 9 to about 16. According to an embodiment of the 
invention in which R is a moiety in the group X-R-Ch, R 
preferably comprises -(CH), O(CHCH-O), , 
where n=4-20, preferably 8-14, and m=1-10, preferably 2-5. 
a variety of moieties R can be used on different molecules 
forming a Self-assembled mixed monolayer, So long as other 
requirements described herein are met. 

0075 R should also be selected to be chemically stable to 
reagents used in the Synthesis of a species into which it is 
incorporated. For example, if the Species is formed by 
cleavage of a disulfide, R Should be stable to reagents Such 
as mercaptoethanol and dithiothreitol. 
0.076 The metalion is preferably selected from those that 
have at least four coordination Sites, preferably six coordi 
nation Sites. a non-limiting list of metal ions Suitable 
includes Co", Cr', Hg", Pd*, p?", Pd*, Pt", Rh, Ir", 
Ru", Co?", Ni?", Cu?", Zn?", Cd 2+. Pb 2+. Mn?", Fe", 
Fe, Aut, Aut, Ag", Cut, MO.", T1, TI", Bi", CHHg", 
Al", Ga", Ce", UO", and La". 
0077. The chelating agent is preferably selected from 
bidentate, tridentate, and quadradentate chelating agents, 
and is Selected in conjunction with the metal ion So that 
when the chelating agent coordinates the metal ion, at least 
two free coordination sites of the metal remain. The chelat 
ing agent and metal are Selected So that the chelating agent 
can coordinate the metal ion with a degree of Stability great 
enough that the metal ion will remain immobilized at the 
Surface by the chelating agent. 
0078. Additionally, the chelating agent is selected as one 
that has a chelating moiety and a non-chelating linker 
moiety, Such that it can be covalently linked via its linker 
moiety to the Spacer moiety R while leaving the chelating 
moiety undisturbed by the covalent linkage and free to 
coordinate a metalion. Alternatively, the chelating agent can 
be selected as one that can be modified via routine organic 
Synthesis to include a non-chelating linker moiety, if Such 
Synthesis leaves undisturbed the chelating moiety. One of 
ordinary skill in the art will appreciate that the non-chelating 
linker moiety should provide functionality Suitable for 
chemical linkage Such as, for example, an amine, alcohol, 
carbamate, carboxylic acid, thiol, aldehyde, olefin, etc., for 
formation of an ester linkage, formation of an amide linkage, 
thiol displacement and this ether formation, and the like. 

0079. With the above considerations in mind, suitable 
chelating agents and corresponding metal ions can be 
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Selected by those of ordinary skill in the art. In accordance 
with Such Selection reference can be made to “Chelating 
Agents and Metal Chelates', Dwyer, F. P.; Mellor, D. P., 
Academic Press, and “Critical Stability Constants', Martell, 
a. E.; Smith, R. M., Plenum Press, New York. These works 
describe a variety of chelating agents, and discuss the 
Stability of coordination between chelating agents and metal 
ions. Preferably, a chelating agent and metal ion is Selected 
Such that the disasSociation constant of the combination in 
aqueous Solution is better than 10 nM at physiological pH, 
that is, Such that at least one half of the metal ions are 
coordinated by chelating agent at a concentration of 10 nM. 

0080 a non-limiting exemplary list of Suitable chelat 
ing agents includes nitrilotriacetic acid, 

0081) 2,2'-bis(salicylideneamino)-6,6'-demethyldiphe 
nyl, and 1,8-bis(a-pyridyl)-3,6-dithiaoctane. 

0082 In some cases it may be advantageous to test a 
particular chelating agent/metal ion pair to determine 
whether coordination will be sufficiently stable for use in the 
present invention. It is within the realm of routine experi 
mentation to one of ordinary skill in the art to follow the 
teachings herein to immobilize a chelating agent at a Surface, 
Such as at a gold SPR chip Surface, and then to test the 
interaction between the chelating agent and the metal ion 
via, for example, SPR spectroScopy under various condi 
tions. In addition, preliminary Screening can be carried out 
by reacting a prospective chelating agent and metal ion in 
Solution and analyzing the Solution spectroscopically. In this 
regard, reference can be made to, "SpectroScopy and Struc 
ture of Metal Chelate Compounds', Nakamoto, K.; McCar 
thy, S.J., Wiley, New York. 
0083. According to one aspect of the invention, an article 
Suitable for capturing a biological molecule is provided. The 
article includes a Self-assembled mixed monolayer of a first 
Species and the Second species as described above. The first 
species has a formula X-R-Ch-M-BP, where X, R, Ch, and 
Mare as described above, and BP is a binding partner of a 
biological molecule, coordinated to the metal ion. 
0084. According to a preferred embodiment the binding 
partner includes a recognition region for the biological 
molecule, and a polyamino acid tag that can coordinate the 
metal ion and that is remote from the recognition region. a 
polyamino acid tag is meant to define a Series of amino acids 
in proximity Such that they can coordinate the at least two 
free coordination sites of the metal ion. According to a one 
embodiment, from 2 to about 10 neighboring amino acids 
Such as, for example, neighboring histidines, lysines, arga 
nines, glutamines, or any combination of these can Serve as 
a polyamino acid tag. According to a preferred embodiment, 
the polyamino acid tag includes at least two, and more 
preferably from two to 10 neighboring histidines, and 
according to a particularly preferred embodiment the 
polyamino acid tag includes from about 3 to about 8 
neighboring histidines. With reference to the above-identi 
fied work entitled, “Critical Stability Constants” (Martell, et 
al), Selection of these and additional amino acids can be 
made in conjunction with Selection of a metal ion M. 
0085. A variety of vectors that express proteins or frag 
ments thereof containing a histidine tag are commercially 
available from, for example, Novagen, of Madison, Wis. 
However, these vectors are designed to code proteins or 
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fragments for metal chelate affinity chromatography. For 
purposes of metal chelate affinity chromatography, it is not 
important where on the vector the histidine tag lies. The 
purpose of the histidine tag in that application is Solely to 
allow the chromatography Solid phase to adsorb the protein. 
Therefore, it is not a priority in the commercialization of 
histidine-tagged proteins that the tag be placed at a location 
remote from the recognition region. 
0.086 Where the binding partner is a polyamino acid, a 
polyamino acid tag can be expressed at a desired location 
(remote from the recognition region) in a number of ways 
known to those of ordinary skill in the art, for example by 
employing the polymerase chain reaction (PCR) to incor 
porate a nucleic acid Sequence that encodes the polyamino 
acid tag at the appropriate position. Placement of a 
polyamino acid tag at a desired location is discussed more 
fully below. 
0.087 Modification of a protein or fragment thereof by 
applying to the protein or fragment a polyamino acid tag at 
a location remote from the recognition region of the protein 
or fragment can be accomplished readily by one of ordinary 
skill in the art using, for example, recombinant technology. 
According to one method for Such modification, a desired 
protein is grown from DNA that codes for the protein, and 
an expression vector. The protein is isolated and truncated at 
various amino acid positions, and the protein's Specific 
active Sequence (recognition region) elucidated by randomly 
mutating the resultant sequences. Alternatively, via 
Sequence homology, a variety of Similar proteins that rec 
ognize slightly different Species are identified and their 
amino acid Sequences determined. The various Sequences 
are compared using a computer, and regions that are variable 
between the various proteins identified as recognition 
regions. 

0088 Subsequently a strand of DNA for a the desired 
protein fragment that is large enough to correctly fold can be 
Sequenced with a polyamino acid tag at a location remote 
from the recognition region. DNA sequencing is routine in 
the art via, for example, PCR. With an expression vector, the 
desired polyamino acid-tagged protein fragment then can be 
readily grown and isolated. 

0089. The desired fragment will coordinate to the metal 
ion via the polyamino acid tag, and the recognition region, 
remote from the tag, will not face the surface, but will be 
exposed to the medium containing or Suspected of contain 
ing the binding partner of the protein fragment. AS used 
herein, the term “remote' is meant to define a situation in 
which the polyamino acid tag is Separated from the recog 
nition region by a distance of at least about 20 amino acids, 
preferably at least about 40 amino acids. 
0090 The polyamino acid tagging technique of the 
invention can be applied to a variety of polyamino acids 
Such as proteins, antibodies, antigens, polymers, and 
ligands. 

0.091 Where the binding partner is a not a polyamino 
acid, it can be coupled chemically, for example covalently 
coupled, to a polyamino acid including a polyamino acid 
tag. In this case the coupling of the polyamino acid is 
effected on the binding partner at a location remote from the 
recognition region, and/or the polyamino acid that is 
coupled to the binding partner has a tag at a location remote 
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from the location of coupling to the binding partner. Syn 
thesis of Such a species would be routine to those of ordinary 
skill in the art. 

0092. The present invention also provides a method of 
making an article having a Surface for capturing a target 
molecule. The method involves formulating a Solution con 
taining a mixture of at least the first and Second Self 
assembled monolayer-forming Species above, and exposing 
to the surface the solution for a period of time sufficient to 
form a Self-assembled monolayer on the Surface. 
0093. The amount of time required to allow the mono 
layer to Spontaneously chemisorb to the Surface will vary 
depending upon the Solvent, the Surface, and the monolayer 
forming Species. Typically, the time required will be on the 
order of hours, and often a 24-hour exposure is carried out 
to make certain that maximal coverage is obtained. The 
degree of formation of a monolayer can be determined by 
routine spectroscopic methods, as well as physical method 
in Some cases, Such as contact angle measurements and the 
like. 

0094. Other methods for forming the monolayer on the 
Surface are included, for example those disclosed in copend 
ing application Ser. No. 08/131,841, filed Oct. 4, 1994 and 
entitled, “Formation of Microstamped Patterns on Surfaces 
and Derivative Articles”, incorporated herein by reference. 
0095 The present invention also provides a SAM-form 
ing Species that includes, at least in part, a nucleic acid 
Strand, and can include double-Stranded nucleic acid. The 
SAM-forming Species according to this aspect of the inven 
tion when defining, in part, a SAM on a Surface of an article, 
can define a Sensing element Suitable for use in a biosensor, 
and especially for use in determining a binding partner of a 
nucleic acid Strand. 

0096. It has become evident that substances that interact 
when one or more are bound to DNA do so in a manner that 
can be highly dependent on the presence of the DNA. 
Therefore, detailed Studies of intricate and Sometimes deli 
cate interactions require the presence of the cognate DNA 
site(s). One example is the Study of the interactions which 
occur in the regulation of transcription. This work is critical 
for the understanding of many diseases, Such as cancer and 
AIDS. Another example is in the study the interactions of 
glycoproteins, other Saccharides, nucleic acid materials, and 
potential drugs with their intended DNA target(s). Existing 
methods for the study of protein/DNA interactions, and 
other interactions that are best studied with Surface-bound 
DNA, typically require that biotinylated DNA be bound to 
Streptavidin coupled to a dextran Surface. Concerns regard 
ing this technique, as practiced in the prior art, include: 1) 
the net negative Surface charge may mimic DNA electro 
Static affects leading to Significant amounts of non-specific 
binding and incorrect kinetic measurements; 2) the thickness 
of the dextran, a layer of Streptavidin, biotin, plus the length 
of the DNA, may put the interaction out of the distance range 
where SPR measurements can be reliably done; 3) the 
resrictive DNA size limitation of synthetically produced 
DNA (50-75 bps) and the high expenses incurred by using 
commercial biotinylated DNA severely limits the range of 
possible experiments. 

0097 Accordingly, the invention provides, in one 
embodiment, a species X-R-NA, or X-R-NA-NAB, as 
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defined below. In another embodiment the invention pro 
vides a Sensing element including a Substrate and a Self 
assembled monolayer of a species X-R-NA, or X-R-NA 
NAB, adhered to the Surface of the Substrate. The SAM 
contains, in preferred embodiments, one of these Species in 
combination with an inert, non-binding thiol as discussed 
above in combination with the species X-R-Ch, etc. The 
Substrate preferably includes a metal Surface, Such as can be 
provided by a film of metal on a non-metal substrate. In this 
Set of embodiments, X represents a functional group that 
adheres to the Surface, R represents a Spacer moiety that 
promotes formation of a Self-assembled monolayer of a 
plurality of the Species, NA represents a nucleic acid Strand, 
and NAB represents a nucleic acid Strand that is a binding 
partner of NA. NA or NAB can be a binding partner of a 
biological molecule to be determined. 

0.098 Referring now to FIGS. 8-10, SAMs including the 
species X-R-NA and X-R-NA-NAB are illustrated sche 
matically. A description of this aspect of the invention is 
provided in greater detail below in Examples 10-14, and a 
brief description is provided here. 

0099 Referring to FIG. 8, an article 20 is illustrated 
which can define an SPR chip in one embodiment. Article 20 
includes a Substrate 22 having a Surface 24 upon which is 
provided a SAM. In the embodiment illustrated, substrate 22 
includes a film 26 on a Surface thereof, the exposed Surface 
of film 26 defining surface 24 of the overall substrate 
arrangement. Where an SPR chip is provided, substrates 22 
can be glass and film 26 can be a thin gold film. A SAM 28 
is provided on Surface 24 of the Substrate and includes a 
major component species 30 and a minor component Species 
32 which is a SAM-forming Species including a nucleic acid 
strand 34. Nucleic acid strand 34 is preferably covalently 
coupled to a Self-assembled monolayer-forming Species 
X-R which forms a self-assembled monolayer with minor 
component 30. Minor component 30 is selected to have the 
ability to form an SAM with nucleic acid strand SAM 
forming Species 32, is preferably of a length short enough, 
relative to species 32, that nucleic acid Strand 34 of Species 
32 is exposed for hybridization, and otherwise can include 
a chemical functionality, exposed away from Surface 24, that 
is desirable for whatever purpose article 20 serves. Typi 
cally, minor component 30 will include an NSB-minimizing 
Species Such as a species terminating in polyethylene glycol. 
Synthesis of species 30 and species 32 is described below in 
the examples. The mixed monolayer including Species 30 
and Species 32 includes nucleic acid Strands 34 that are 
biologically isolated from all other nucleic acid Strands. In 
particular, at least 90% of nucleic acid strands 34 are 
biologically isolated from other nucleic acid Strands. AS 
used herein, the term “biologically isolated” is meant to 
define a situation in which, were the nucleic acid Strands 
complementary to each other, they would hybridize or 
interact in another way. "Biologically-isolated” is also 
meant to define a situation in which if one nucleic acid 
Strand included a region Specific for a protein, and a protein 
were immobilized at that Strand, if a neighboring nucleic 
acid Strand had a sequence for that protein, the protein would 
not interact biologically (via biological binding or other 
recognition) with that strand. Specifically, at least 90% of 
nucleic acid Strands 34 are isolated from all other nucleic 
acid strands, preferably by inert SAM-forming species 30, 
by at least 5 nm. 
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0100 Article 20 can be used for a variety of purposes in 
which it is advantageous to expose a single-Stranded nucle 
otide at a Surface. In one preferred embodiment, with 
reference to FIG. 9, double-stranded nucleic acid (e.g. 
double-stranded DNA, dsDNA, as referred to hereinafter) 
36, one of the strands having a “tail'38 that is complemen 
tary to nucleic acid strand 34 covalently immobilized at 
surface 24, is exposed to the surface and dsDNA 36 hybrid 
izes to strand 34 via tail 38. 

0101 Thus, a single nucleic acid strand is provided that 
can be covalently linked to Surface 24. AS used herein, 
“covalently is meant to define linkage that is stronger, 
chemically, than non-covalent linkage Such as Van der Waals 
interactions, ionic interactions, coordinate bonding, and the 
like. Linkage of Species Such as X at an appropriate Surface, 
for example thiol linkage to gold, is covalent. The use of 
component 30 allows nucleic acid strands 34 to be presented 
at the Surface while free of interaction with any neighboring 
nucleic acid Strands. This allows freer access to binding, 
recognition, and other interaction. 

0102) The “nick' 40 in the nucleic acid strand can be 
mended with DNA ligase enzyme, resulting in immobilized 
dsDNA species 42 covalently attached to surface 24 via 
Strand 44 extended in the course of the hybridization/ligating 
step described. When the dsDNA is selected to contain a 
restriction enzyme site, a restriction enzyme 46 can be used 
to cut the dsDNA 42. Referring now to FIG. 10, the resulting 
cut, Surface-immobilized dsDNA species 48 can be ligated 
with any dsDNA that has been cut also with restriction 
enzyme 46. As illustrated, dsDNA 50 can be hybridized to 
species 48 and the “nicks' mended with DNA ligase, result 
ing in surface-immobilized, dsDNA 52 including 
covalently-immobilized strand 54 and strand 56 which is 
immobilized via hybridization to strand 54. The “antisense” 
strand 56 can be dissociated with heat or chemical treatment 
to expose ssDNA54 for hybridization studies. Of course, in 
FIG. 10 strands 54 and 56 include nucleic acids that are not 
represented throughout the length of each Strand. 

0103) Thus, the embodiment of the invention represented 
in FIGS. 8-10 includes a single nucleic acid strand immo 
bilized, preferably covalently immobilized, at a Surface and 
not removable from the Surface under disasSociation condi 
tions. AS used herein, the term "disasSociation conditions” is 
meant to define a Situation in which, where a single Strand 
54 is covalently immobilized at the surface and a comple 
mentary strand 56 is hybridized to strand 54, strand 56 can 
be removed. These conditions include hot water, mild 
chemical treatment, and other techniques available to those 
of ordinary skill in the art. The invention also includes Single 
strand 54 immobilized to the Surface and not removable 
therefrom under disassociation conditions, and complemen 
tary strand 56 hybridized to strand 54 and removable from 
the Surface under disassociation conditions. Single-Stranded 
or double-Stranded nucleic acid can be used to bind, at the 
Surface, biological binding partners that are partners of the 
immobilized strand or strands, and used in further study. For 
example, a binding partner of an immobilized Strand or 
Strand can be immobilized at the Surface, and can Serve as 
a binding partner of yet another biological binding partner 
that then is immobilized, and that species used in Studies. 

0104 Attachment of a wide variety of nucleic acid 
Strands NA to a moiety R, for example in a way that the 



US 2006/0040276 A1 

Strand can biologically bind to its nucleic acid binding 
partner NAB, can be accomplished with reference to the 
teaching of examples 10-14, below. It is to be understood 
that the procedure given in the examples for the preparation 
of a DNA chip may be applied to the preparation of any 
nucleic acid chip, Such as an RNA chip. Such a chip can be 
used to detect DNA hybridization (human genome project, 
diagnostic Scanning of DNA for genetic mutants), to present 
DNA-binding proteins for the study of Subsequent protein 
protein interactions for which DNA binding is a critical 
element of the interaction, using instruments Such as SPR 
devices, or to build an easy analysis DNA computer. 

0105 The articles of the present invention can be used for 
a variety of applications, including biosensing applications, 
test assays, and the like. The term “test assay” generally 
refers to any procedure in which a member of a biological 
binding partner pair is to be captured from a medium in 
which it is dispersed. For example, "test assay” may be used 
to describe a diagnostic procedure, analytical procedure, 
microanalytical procedure, forensic analysis, pharmacoki 
netic Study, cell Sorting procedure, affinity chromatogram, 
industrial or laboratory recovery or analysis of one or more 
Species Such as toxins, catalysts, or starting materials or 
products, and the like. a typical test assay is an immunoas 
Say. BioSensing applications include those Such as drug 
Screening, environmental monitoring, medical diagnostics, 
quality control in the pharmaceutical and food industries, 
and other areas in which it is advantageous to Sensitively 
determine biological binding between partners. 

0106. One particularly suitable application for the species 
X-R-NA or X-R-NAB, and a chip carrying a SAM of one 
or more of these, is the Study of interacting proteins and 
protein-DNA complexes that regulate gene transcription. 
Large Soluble yeast PolII holoenzyme/mediator complexes 
must communicate with some other DNA-bound complex to 
effect transcription. Precise and accurate determination of 
interactions of these large complexes with DNA-bound 
transcription factors would be advantageous, and can be 
accomplished with the technique of the present invention. 

0107. In accordance with an embodiment of the invention 
in which an article has a Surface with a monolayer of 
X-R-Ch-M adhered thereto, M can serve as a binding 
partner to capture Species that adhere to M. An exemplary 
list of such species is disclosed in U.S. Pat. No. 5,250,188, 
issued Oct. 5, 1993 to Bruening, et al. and incorporated 
herein by reference. 

0108. In all of the embodiments of the invention in which 
an article is provided, a Substrate also may be included in the 
article. The Substrate typically will support a film of material 
that defines the Surface, on a Side of the film opposite the 
Side at which a Self-assembled monolayer is formed. 

0109 The function and advantage of these and other 
embodiments of the present invention will be more fully 
understood from the examples below. The following 
examples are intended to illustrate the benefits of the present 
invention, but do not exemplify the full scope of the inven 
tion. References cited in the following examples are incor 
porated herein by reference for all purposes. 
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EXAMPLE 1. 

Preparation of Nitrilotriacetic Acid Chelate Linked 
Via Spacer Moiety to Thiol 

0110 Undec-1-en-11-yl tri(ethyleneglycol) (1) was syn 
thesized according to a procedure reported by Pale-GroSde 
mange, C.; Simon, E. S.; Prime, K. L.; Whitesides, G. M. 
Journal of the American Chemical Society, 113, 12, (1991). 

HC=CH- (CH)-(OCH2CH)-OH (1) 
0111 N-(5-amino-1-carboxypentyl)iminodiacetic acid 
(2) was Synthesized according to a procedure reported by 
Hochuli, E.; Döbeli, H.; Schacher, a. Journal of Chroma 
tography, 411, 177 (1987). 

HN-(CH-)-CH(COH) (N(CHCO2H)) (2) 
0112 Carbonyldiimidizole (2.3 g, 2 eq. was added to a 
stirring solution of 2.2 g of alcohol (1) dissolved in 25 ml 
methylene chloride. After Stirring for 2 hours, the Solution 
was applied to a 300 g column of silica equilibrated with 
ethyl acetate and the imidazole carbamate eluted with 1 liter 
of ethyl acetate. Evaporation of the Solvent under reduced 
pressure gave 2.7 g (95%) of the imidazole carbamate as an 
oil. 

0113 Amine (2) (5.0 g) was dissolved in 100 ml of water. 
The pH was titrated to 10.2 with 12 N. NaOH, then 130 ml 
of dimethylformamide was added. The imidazole carbamate 
(2.5 g in 10 ml dimethylformamide) then was added drop 
wise to aqueous Solution of (2) while stirring. After 12 hours, 
the Solution was added to 500 ml water and washed three 
times with ethyl acetate by gently Stirring to avoid the 
formation of an emulsion. The aqueous phase then was 
acidified with 6 NHCl to pH 1.5 and extracted into ethyl 
acetate (4x250 ml). The combined extracts were washed 
with saturated NaCl, dried over MgSO, and the solvent 
removed under reduced pressure to give 1.8 g (50) of olefin 
(3) as a hydroscopic white Solid. 

HC=CH- (CH)- (OCH2CH)-O(CO)NH 
(CH),CH(COH) (N(CH,CO.H).) (3) 

0114) To olefin (3) (1.7 g) dissolved in 15 ml distilled 
tetrahydrofuran was added 0.5 ml thiolacetic acid and 100 
mg 2,2'-azobis(2-methylpropionitrile) (AIBN). The solution 
was irradiated for four hours under a 450 W medium 
pressure mercury lamp (Ace Glass). The Solvent was 
removed under reduced pressure and the crude product 
triturated with hexane. Recrystalization from ethyl acetate/ 
hexane gave 1.8g (94%) of thioacetate as a hydroscopic tan 
solid (4). 

HC(CO)S-(CH)-(OCHCH-)-O(CO)NH 
(CH),CH(COH) (N(CH,CO.H).) (4) 

0115) To thioacetate (4) (0.67 g) in 20 ml dimethoxy 
ethane was added 17 ml water, then 20 mg I. After the 
addition of 3 ml of 2 N NaOH, the Solution was stirred for 
four hours while bubbling with O. Addition of 100 ml of 
water and acidification to pH 1.5 with 6N HCl lead to 
precipitation of the product as the disulfide. The disulfide 
was filtered, washed with water and dried under vacuum to 
give 0.55 g (89%) of a white powder. 
0116. The disulfide was reduced to the thiol (6) with 
triethylphosphine. To the disulfide (0.42 g) in 18 ml metha 
nol plus 2 ml water under an atmosphere of nitrogen, was 
added 0.3 g of triethylphosphine. The solution was stirred 
for five hours then concentrated to an oil under reduced 
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preSSure. The residue was dissolved in 30 ml degassed water 
and acidified to pH 1.5 with 6N HCl. The product was 
extracted three times with 20 ml ethyl acetate. The combined 
organic phases were washed with Saturated NaCl, dried over 
MgSO, and concentrated under reduced pressure to thiol 
linked nitrilotriacetic acid chelate (5) as a tan hydroscopic 
solid (0.24g, 57%). 

EXAMPLE 2 

Preparation of SPR Chip Derivatized with 
Self-Assembled Mixed Monolayer of Chelate and 

Nonspecific Binding Inhibitor 
0117) 11-mercaptoundec-lyl oligo(ethyleneglycol) (6) 
was Synthesized according to a procedure reported by Pale 
Grosdemange, et al., JACS (1991; above). 

0118. The gold surface of an SPR chip from Pharmacia 
Biosensor, Piscataway, N.J. was cleaned using 70:30HSO/ 
HO to remove all species on the gold. 11-mercaptoundec 
lyl oligo(ethyleneglycol) (6) and the thiol-linked nitrilotri 
acetic acid chelate (5) described in example 1 were 
dissolved in ethanol in a 95:5 molar ratio, at a total concen 
tration of 1 mM. The chip surface was exposed to the 1 mM 
Solution of the thiols in ethanol for 24 hours, then washed 
with 95% ethanol and allowed to dry. The derivatized 
Surface was characterized by X-ray photoelectron Spectros 
copy, which revealed that a mixed monolayer had adhered to 
the Surface, the mixed monolayer including a ratio of (6) and 
(5) approximately equal to the concentration of those species 
in the solution from which the surface was derivatized (95:5 
molar ratio of (6) to (5)). 

EXAMPLE 3 

Incorporation of Metal Cation into Chelate of 
Self-Assembled Monolayer on SPR Chip 

0119) The surface derivatized as described in example 2 
to have adhered a Self-assembled mixed monolayer formed 
of a 95:5 molar ratio of species (6) and (5) was further 
modified to allow the chelate to coordinate nickel dication 
(Ni). The mixed monolayer was washed with 1 mM 
aqueous NaOH followed by 1% aqueous. Ni (SO).6H2O, 
resulting in species (5) coordinating Ni" to define species 
(7). 

EXAMPLE 4 

Coordination of Biological Binding Partner to 
Metal Cation 

0120 Gal 11 has been identified as a protein required for 
efficient galactose utilization in yeast. Nogi, Y., Fukasawa, 
T. Curr. Genet. 2, 115-120 (1980). Gal 11p (potentiator) is 
a 44 kD mutant of Gal 11, differing from Gal 11 at a single 
amino acid only Id. Gal 11 is a Suspected biological binding 
partner of Gal 4 (see discussion in example 5). a "mini’ form 
of Gal 11p was expressed and purified (residues 261-351+ 
799-1081) with a polyamino acid tag at a location remote 
from the recognition region of the protein fragment. Spe 
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cifically, a run of six histidines is expressed at the amino 
terminus of the protein fragment, and the histidine-tagged 
Gal 11p was isolated out of cell extracts by absorption on a 
column containing nickel dication coordinated to a nitrilo 
triacetic acid derivative. Hochuli, et al. J. Chromatog. 411, 
177 (1987), Gentz, R.; Chen, C.; Rosen, C. a.; Proc. Natl. 
Acad. Sci. 86,821 (1989). 
0121 The polyamino acid-tagged binding partner was 
attached Selectively to the derivatized Surface described in 
example 3 by coordination to the metal cation via the 
histidine tag. Specifically, a 0.25 mg/ml acqueous Solution of 
Gal 11p was injected into a delivery channel of a BIAcore TM 
SPR instrument, Pharmacia Biosensor. The result was a 
Surface carrying a plurality of binding partners (Gal 11p) 
oriented Such that a Substantial portion of the recognition 
regions for Gal 4 face away from the chip Surface and are 
readily available for biological binding with the biological 
molecule Gal 4. 

EXAMPLE 5 

SPR Determination of Gal 4. Using Chip 
Derivatized with Self-Assembled Monolayer of 

Alkyl Thiol Terminating in Metal Chelate 
Coordinated by Polyamino Acid-Tagged Gal 11p 

0122) This example examines the sensitivity of the SPR 
technique for the analysis of the interaction between bio 
logical binding partners, with use of an SPR chip prepared 
in accordance with the present invention. Specifically, the 
interaction between the transcription promoter Gal 4 and Gal 
11 p (which contains increased area of hydrophobicity rela 
tive to Gal 11), was studied, using a BIAcore TM SPR 
instrument available from Pharmacia Biosensor, Piscataway, 
N.J. 

0123. It has been reported that in cells deleted for Gal 11, 
activation by Gal 4 is reduced some 5-20 fold, an effect that 
can not be accounted for by decreased levels of the activator. 
Id, Himmelfarb, H. J.; Pearlberg, J.; Last, D. H.; Ptashne, M. 
Cell 63, 1299-1309 (1990), Suzuki, Y.; Nogi, Y.; Abe, a.; 
Fukasawa, T. Molecular and Cell Biology 8, 4991-4999 
(1988), Long, R. M.; Mylin, L. M.; Hopper, J. E. Molecular 
and Cell Biology 11, 2311-2314 (1991). It is suspected that 
proteins containing the Gal 4 region that recognizes Gal 11p 
in vivo interact in vitro with Gal 11p but not with Gal 11 
(wild type). 
0.124. It is also suspected that Gal 4 promotes transcrip 
tion by facilitating the necessary proximity of a holoenzyme 
containing Gal 11 with the TATA box on DNA. It has been 
reported that Gal 4, truncated to completely abolish its 
activating domain, is transcriptionally active in the presence 
of the holoenzyme containing Gal 11p (but not in the 
presence of the holoenzyme containing Gal 11). Accord 
ingly, it has been postulated that Gal 11p interacts hydro 
phobically with truncated Gal 4 to facilitate transcription. 

0.125 SPR was used to study the interaction of Gal 4 with 
the immobilized his-tagged Gal 11p. It was observed that 
Gal 11p binds Gal 4, but does not bind a number of other 
transcription promoters. Histidine-tagged wild-type Gal 11, 
immobilized on the SPR chip in the same manner, did not 
bind Gal 4. None of the transcription promoters demonstrate 
NSB on the mixed monolayer. That is, in the absence of Gal 
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11p immobilized on the Surface, no transcription promoters 
bound to the Surface, and in the presence of immobilized Gal 
11p, only Gal 4 was bound. 
0.126 The interaction between Gal 11p and Gal 4 was not 
observed by co-immunoprecipitation or on an affinity col 
umn, demonstrating the importance of the orientation in the 
presentation of the protein to the analyte Solution, achiev 
able in accordance with the present invention. 

EXAMPLE 6 

Comparative Attempted SPR Determination of 
SRB2. Using Standard Dextran Chip Carrying Gal 

11 

0127. This example examines the sensitivity of the cur 
rent state-of-the-art SPR chip, which comprises a layer of 
dextran on the gold SPR chip surface. 
0128. In this example, an attempt was made to study the 
interaction of Gal 11 (wild-type) and the RNA polymerase 
B suppressor SRB2, a 28 kD member of the holoenzyme 
described in example 5 (the multi protein complex which 
assembles on the DNA at the TATA box and with which a 
DNA-bound activator must interact in order to activate 
transcription). Koleske, a. J.; Young, R. A. Nature, 368, 
466-469 (1994). As discussed in example 5, Gal 11p inter 
acts with Gal 4, thus it is important to find a target of Gal 11 
on the holoenzyme. Detection of this type of interaction is 
difficult because transcription factors generally exhibit low 
affinity for their targelts, Such that positive control of tran 
Scription of achieved only through the correct assembly of 
several factors. The 30 kD protein SRB5 was used as a 
negative control in this example. SRB5 is shown by genetic 
experiments not to interact with Gal 11 or Gal 11p Id. 
0129. An SPR chip having a layer of dextran on gold 
(#BR1000-14) was purchased from Pharmacia Biosensor., 
and the SPR instrument described above was employed. 
0130 FIG. 1 illustrates a sensorgram plotting resonance 
units (RU) as a function of time associated with this 
example. The flow rate of Sample across the chip Surface was 
5ul/min. The sensorgram of FIG. 1 is labeled with reference 
numerals that correspond to the Steps of the experimental 
protocol below. 

0131 1. (t=240 sec) description of chip type; standard 
dextran 

0132) 2. (t=731 sec) end of injection of EDC/NHS 
which activates the carboxylates on the dextran Surface. 

0.133 3. (t=13 26 sec) end of injection of 35 ul wild 
type Gal 11 at 0.025 mg/ml, in NaOAc buffer at pH 4.5. 

0134) 4. (t=1440 sec) preinjection baseline 

0135) 5. (t=1928 sec) end of injection of ethanolamine, 
which blocks the activated carboxylates that did not 
covalently link to a protein. 

0136 6. (t=2179 sec) preinjection baseline 
0137 7. (t=2668 see) end of injection of SRB2 at 0.25 
mg/ml diluted with the running buffer PBS. 

0138 8. (t=2991 sec) preinjection baseline 
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0.139) 9. (t=3472 sec) end of injection of SRB2 at 0.5 
mg/ml 

0140 10. (t=3639 sec) preinjection baseline 
0141 11. (t=4122 sec) end of injection of SRB5 at 0.25 
mg/ml 

0142 12. (t=4218 sec) preinjection baseline 
0143) 13. (t=4814 sec) end of injection of SRB5 at 0.5 
mg/ml 

0144) 14. (t=5610 sec) preinjection baseline 
0145 15. (t=6128 sec) end of injection of myc-a, a 
monoclonal antibody which should bind to Gal 11, at 
0.25 mg/ml. 

0146 Tabulated below are protein absorption response 
values (AbsResp; RU units) and response values relative to 
preceding baseline (RelReSp; RU units) corresponding to the 
protocol StepS above. 

Time AbsResp RelResp 

1. 24OOO 9150 
2. 731.OO 93.13 
3. 1326.50 3444 4131 
4. 1440.OO 3.291 3978 
5. 1928.OO 2950 3637 
6. 2179.OO 2872 3559 
7. 2668.OO 2923 51 
8. 2991.OO 288O 8 
9. 3472.OO 2976 96 

10. 3639.OO 2895 15 
11. 4122.OO 2911 17 
12. 4218.OO 2887 -8 
13. 4814.OO 2941 54 
14. 561O.OO 2852 -35 
15. 6128.OO 2940 87 

0147 4131 RUs of Gal 11 bound to the dextran. The 
interaction of Gal 11 with SRB2 yielded an absorption of 51 
RU’s at SRB2=0.25 mg/ml; at SRB2)=0.50 mg/ml, the 
absorption was 96 RUs. By contrast, at SRB5=0.25 mg/ml 
the absorption was 17 RU’s, while at SRB5=0.5 mg/ml, 
the absorption was 54 RUS. Lastly, at myc-a=0.25 mg/ml, 
the absorption was 87 RU’s. 
0148 Since the negative and positive controls (SRB5 and 
myc-a, respectfully) gave essentially the same results, no 
conclusions regarding binding can be reached. This example 
demonstrates that the current State-of-the-art dextran chip 
does not provide the Sensitivity necessary for determination 
of biological binding between Gal 11 and SRB2. 

EXAMPLE 7 

SPR Determination of SRB2 Using Chip 
Derivatized with Self-Assembled Monolayer of 

Alkyl Thiol Terminating in Metal Chelate 
Coordinated by Polyamino Acid-Tagged Gal 11 

0149 AS in example 5, this example demonstrates the 
sensitivity of the SPR technique using a chip derivatized in 
accordance with the present invention. An SPR chip pre 
pared in accordance with example 2 was mounted in the 
instrument, modification of the chip to chelate nickel dica 
tion was effected in accordance with example 3, the modi 
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fied chip Surface was exposed to histidine-tagged Gal 11, 
and SPR response to introduction to the chip surface of 
SRB2 and SRB5 was investigated. 
0150 FIG. 2 illustrates a sensorgram plotting resonance 
units as a function of time associated with this example. The 
flow rate of Sample acroSS the chip Surface was 5ul/min. The 
sensorgram of FIG. 2 is labeled with reference numerals that 
correspond to the Steps of the experimental protocol below. 

0151 1. (t=50s) chip description; 5% Ni ligand 
0152 2. (t=390 s) end of injection of 1 mM NaOH 
0153. 3. (t=993 s) end of injection of 1% NiSO 
0154 4. (t=1055 s) preinjection baseline 
O155 5. (t=1555 s) end of injection of Gal 11 at 0.025 
mg/ml 

0156 6. (t=1703 s) preinjection baseline 
O157 7. (t=2222s) end of injection of a second Gal 11 
injection at the same concentration to achieve maxi 
mum chip coverage. 

0158 8. (t=2343 s) preinjection baseline 
0159) 9. (t=2821 s) end of injection of SRB2 at 0.25 
mg/ml 

0160 10. (t=2932 s) preinjection baseline 
0161) 11. (t--3438s) end of injection of SRB2 at 0.5 
mg/ml 

0162) 12. (t=3610s) preinjection baseline 
0163 13. (t=4116 s) end of injection of SRB5 at 0.25 
mg/ml 

0164. 14. (t=4238 s) preinjection baseline 
0165) 15. (t=4728 s) end of Injection of SRB5 at 0.5 
mg/ml 

0166 16. (t=4842 s) preinjection baseline 
0167] 17. (t=5330 s) end of injection of myc-a at 0.25 
mg/ml 

0168 Tabulated below are protein absorption response 
values (AbsResp; RU units) and response values relative to 
preceding baseline (RelReSp; RU units) corresponding to the 
protocol Steps above. 

Time AbsResp RelResp 

1. 50.50 8297 
2. 390.OO 8258 
3. 993.OO 8374 
4. 1055.OO 8368 O 
5. 1555.50 9122 753 
6. 1703.OO 8887 519 
7. 2222.OO 91.97 828 
8. 2343.OO 9042 673 
9. 2821.OO 10998 1956 

10. 2932.OO 10927 1885 
11. 3438.OO 11174 2132 
12. 361O.OO 11090 2048 
13. 4116.OO 11138 47 
14. 4238.OO 11100 1O 
15. 4728.OO 11174 73 
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-continued 

Time AbsResp RelResp 

16. 4842.OO 11129 28 
17. 533O.OO 11578 450 

0169. In contrast to the prior art embodiment examined in 
example 6, Substantial binding of SRB2 to immobilized Gal 
11 was observed. Importantly, no nonspecific binding of 
SRB5 to Gal 11 was observed. Specifically, 673 RUs of 
histidine-tagaed Gal 11 bound to the Surface exposing che 
late coordinating nickel dication. The interaction of Gal 11 
with SRB2 yielded an absorption of 1956 RUs at SRB2= 
0.25 mg/ml; at SRB2=0.50 mg/ml, the absorption 
increased by an additional 176 RU’s, for a total of 2132 
RU’s of bound protein. By contrast, at SRB5=0.25 mg/ml 
the absorption was 47 RUs, while at SRB5=0.5 mg/ml, the 
absorption was 73 RUS. Lastly, at myc-a=0.25 mg/ml, the 
absorption was 450 RU’s. These results clearly show that the 
biological molecule SRB2 bound to its binding partner Gal 
11. The negative control SRB5 did not bind, and the positive 
control myc-a did bind. 
0170 AS additional control experiments: (1) SRB2 was 
brought into contact with a chip incorporating a metal ion 
(prepared in accordance with example 3) that did not have 
coordinated to it a the binding partner Gal 11, and (2) SRB5 
was flowed over the chip after coordination of Gal 11 prior 
to the introduction of SRB2. No significant binding was 
observed in either case. 

0171 This experiment demonstrates that a biosensor Sur 
face prepared in accordance with the present invention, 
which provides biological binding partners oriented to stably 
expose recognition regions to an analyte Solution, is Superior 
to the prior art Surface. 

EXAMPLE 8 

Comparative Attempted SPR Determination of 
Monoclonal Antibodies Using Standard Dextran 

Chip Carrying T Cell Receptor 
0172 AS in example 5, this example examines the sen 
sitivity of the current state-of-the-art SPR chip, which com 
prises a layer of dextran on the gold SPR chip surface. 
0.173) In this example, an attempt was made to study the 
interaction of a soluble 42 kD chimeric T cell receptor 
(TCR), herein referred to as ABC, with 2 monoclonal 
antibodies of MW=155 kD (Cl and BF1). C1 recognizes a 
conformational epitope thought to be near the active Site of 
the receptor, while BF1 recognizes a linear epitope of the 
constant domain. Although the structure of a TCR has not 
yet been Solved, by analogy to IG Structure, the Cl epitope 
should reside near the “top” of the protein and the BF1 
epitope near the “bottom', where the bottom is defined as 
the histidine tag of the protein. Probing the TCR with Cl 
demonstrated the availability of a defined site on the protein. 
The ratio of Cl:BF1 binding is the ratio of correctly: incor 
rectly folded protein, Since Cl was shown to occlude the 
binding site of BF1 when the TCR is bound to a surface (data 
not shown). 
0.174 FIG. 3 illustrates a sensorgram plotting resonance 
units as a function of time associated with this example. The 
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flow rate of Sample acroSS the chip Surface was 5ul/min. The 
sensorgram of FIG. 3 is labeled with reference numerals that 
correspond to the Steps of the experimental protocol below. 

0175 1. (t=470s) end of injection of EDC/NHS 
0176) 2. (t=1044 s) end of injection of ABC at 0.125 
mg/ml in PBS buffer 

0177 3. (t=1579 s) end of injection of ethanolamine 
0.178 4. (t=2047s) end of injection of C1 at 0.2 mg/ml 

in PBS 

0179 5. (t=2630 s) end of injection of EF1 at 0.2 
mg/ml in PBS 

0180 6. (t=3152 s) end of injection of myc-a. at 0.2 
mg/ml in PBS 

0181 Tabulated below are protein absorption response 
values (AbsResp; RU units) and response values relative to 
preceding baseline (RelReSp; RU units) corresponding to the 
protocol Steps above. 

Time AbsResp RelResp 

1. 470.50 8717 
2. 1044.OO 25276 16558 
3. 1579.OO 22216 13499 
4. 2047.OO 22675 459 
5. 263O.OO 23728 1512 
6. 3152.OO 23658 1442 

0182 13,499 RU's of ABC bound to the dextran surface. 
The interaction with Clled to an absorption increase of 459 
RUs, while that with EF1 led to an additional 1053 RU’s. 
Finally, the myc-a antibody did not bind. The ratio of 
C1:ABC was 1:29. The ratio of Cl:B1 was 1:2.3. Since the 
molecular weight of C1 is 3.7 times that of ABC, the molar 
ratio of Cl:ABC is 1:108, which implies that only 0.9% of 
the ABC molecules were recognized by Cl. 
0183 This experiment demonstrates that the current 
State-of-the-art dextran chip does not provide the Sensitivity 
necessary for determination of biological binding between 
ABC and Cl. 

EXAMPLE 9 

SPR Determination of Monoclonal Antibodies 
Using Chip Derivatized with Self-Assembled 

Monolayer of Alkyl Thiol Terminating in Metal 
Chelate Coordinated by Polyamino Acid-Tagged T 

Cell Receptor 

0184 AS in examples 5 and 7, this example demonstrates 
the sensitivity of the SPR technique using a chip derivatized 
in accordance with the present invention. An SPR chip 
prepared in accordance with example 2 was mounted in the 
SPR instrument described above, modification of the chip to 
chelate nickel dication was effected in accordance with 
example 3, the modified chip Surface was exposed to ABC 
example 8) including a histidine tag at the constant domain, 
and SPR response to introduction to the chip surface of Cl 
and BF1 was investigated. 
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0185 FIG. 4 illustrates a sensorgram plotting resonance 
units as a function of time associated with this example. The 
flow rate of Sample acroSS the chip Surface was 5ul/min. The 
sensorgram of FIG. 4 is labeled with reference numerals that 
correspond to the Steps of the experimental protocol below. 

0186 
0187. 
0188) 
0189 4. (t=1097 s) preinjection baseline 
0.190 5. (t=1553 s) end of injection of ABC at 0.125 
mg/ml; Solution contains 0.02M imidazole 

0191) 6. (t=1696 s) preinjection baseline 
0.192 7. (t=2177s) end of injection of C1 at 0.2 mg/ml; 
Solution contains 0.02M imidazole 

0193 8. (t=2288 s) preinjection baseline 
0194 9. (t=2781 s) end of injection of BF1 at 0.2 
mg/ml; Solution contains 0.02M imidazole 

0.195. 10. (t=3075 s) preinjection baseline 
0196) 11. (t=3604 s) end of injection of myc-a at 0.2 
mg/ml; Solution contains 0.02M imidazole 

1. (t=42 S) chip description 
2. (t=448 s) end of injection of 1 mM NAOH 
3. (t=1017 s) end of injection of 1% NiSO 

0.197 Tabulated below are protein absorption response 
values (AbsResp; RU units) and response values relative to 
preceding baseline (RelReSp; RU units) corresponding to the 
protocol StepS above. 

Time AbsResp RelResp 

1. 42.OO 7671 
2. 448.50 7660 
3. 1017.50 7730 
4. 1097.OO 7695 
5. 1553.50 964O 1945 
6. 1696.OO 9634 1939 
7. 2177.00 10376 742 
8. 2288.OO 10353 719 
9. 2781.OO 10761 408 

10. 3075.OO 10739 386 
11. 36O4.OO 10830 91 

0198 1,945 RU’s of ABC bound to the Nisurface. The 
interaction with C1 led to an absorption increase of 719 
RU’s, while that with BF1 led to an additional 386 RU’s. 
Finally, the myc-a antibody binding led to a 91 RU increase. 
The ratio of Cl:ABC was 1:2.7. The ratio of Cl: BF1 was 
1.9:1. Since the molecular weight of Cl is 3.7 times that of 
ABC, the molar ratio of Cl:ABC is 1:10, which implies that 
10 of the ABC molecules were recognized by Cl. In separate 
in vivo inhibition assays, we consistently found that 10% of 
the ABC was correctly folded, We therefore conclude that in 
this example 100% of the correctly folded ABC was ori 
ented-on the gold chip with the C1 binding site in the 
accessible “up' position with respect to the chip Surface. 
This is in contrast to 9% retained activity in example 8. 
0199 This example demonstrates that essentially all of 
the binding partners immobilized at the chip Surface in 
accordance with the present invention were oriented So as to 
expose in a direction away from the chip Surface the 
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recognition region of the binding partner for the biological 
molecule Sought to be captured. 

EXAMPLE 10 

Fabrication of Chip Derivatized with 
Self-Assembled Monolayer of Alkyl Thiol 

Terminating in Biological Binding Partner of DNA, 
to Expose DNA for Binding Studies 

0200. This prophetic example describes preparation of an 
alkyl thiol terminating at its exposed end in a nucleic acid 
Sequence, and a Surface derivatized to carry a Self-assembled 
monolayer including Such species. Specifically, an SPR chip 
is primed to receive underderivatized dsDNA, provided by 
the user, which has been modified by the generation of an 
EcoRI site at one end. 

0201 a protected, single-stranded oligo is prepared via 
Standard methods, as described in the Gene ASSembler 
manual, Pharmacia BioSensor. The oligo is at least 25 
base pairs long, and is a mixed, nonself-complementary 
sequence, terminated with a dG at the 3' end. The 
polymer-Supported oligo is dried under Vacuum over 
night. 

0202) The 5' dimethoxytrityl (DMT) protecting group is 
deprotected at pH 3.0 in water for 10 minutes at room 
temperature. The reaction is stopped by freezing on dry ice, 
and the residue is filtered. See Ferentz, a., Keating, T. a., 
Verdine, G. L. J. Am. Chem. Soc. 115, 9006-9014 (1993) 
0203 From 11-mercaptoundec-lyl oligo(ethyleneglycol) 
(6; see example 2) is synthesized the S-DMT-protected 
derivative. See Zervas, L. L., Photaki, I.J. Am. Chem. SOc. 
84, 3887-3891 (1962). The 5’ hydroxyl of the oligo is 
activated with carbonyl diimidazole. See Wachter, I., 
Jabloski, J. a.; Ramachandran, K. L. Nucleic Acids. Res. 14, 
7985-7994 (1986). 
0204. The protected alkylthiol is added to the activated 
oligo in dioxane water for 30 minutes at room temperature. 
ExceSS reagent is washed away with dry dioxane, followed 
by methanol, and the product is dried in a desiccator 
overnight. The remaining protecting groups and the Solid 
Support are deprotected by treating with 25% aqueous 
ammonia for 6 hours at 60° C. The aqueous ammonia is 
chilled at 0 for 30 minutes, the polymer support is filtered, 
and the ammonia evaporated. 
0205 The derivatized oligo is purified via 8% PAGE-7M 
urea, then Via G-10 SephadeX chromatography. The oligo is 
reduced with silver nitrate/DTT and rechromatographed. 
See Connolly, B. a.; Rider, P. Nucleic Acids Res. 12, 4485 
4502 (1985). 
0206. An oligo of sequence complementary to that made 
in step 1, with an additional 4bp's at the 5' end (3'-TTAA-5) 
is purchased. The purified, derivatized oligo from the pre 
vious Step is hybridized with the complementary oligo by 
denaturation at 75 C., and annealed at 55 C. This yields an 
alkylthiol attached to a dsDNA, which is terminated with an 
EcoRI restriction enzyme site. EcoRI is widely available 
commercially, for example from New England Biolabs. 
0207. This DNA ligand is mixed with a self-assembled 
monolayer-forming, nonspecific binding-inhibiting Species, 
Specifically, ill-mercaptoundec-lyl oligo(ethyleneglycol) (6; 
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see example 2) in a 5:95 molar ratio, respectively. The chip 
Surface is prepared as described in example 2. This com 
pletes the preparation of a commercial chip. 

EXAMPLE 11 

Modification of Chip Derivatized with 
Self-Assembled Monolayer of Alkyl Thiol 

Terminating in Biological Binding Partner of DNA, 
to Expose DNA for Binding Studies 

0208. In this prophetic example, selected dsDNA that the 
user wishes to present on the chip Surface is cut, via Standard 
methods, with EcoRI. The cut DNA is ligated to the DNA 
already on the chip using DNA ligase (New England 
Biolabs). The chip is now ready for use in a biosensor. 
0209 Advantages of the chip prepared in accordance 
with examples 10 and 11 follow. The current state-of-the-art 
chip, available from Pharmacia Biosensor for use in the 
BIAcore TM SPR instrument, presents a dextran Surface to 
which strepavidin is attached. The user must either deriva 
tive the desired DNA with biotin, or purchase biotinylated 
DNA. In the former case, the reaction is difficult and 
biotinylation may occur at any number of Sites, leading to a 
lack of control over orientation on the chip. Furthermore, 
biotinylation may block an interaction site on the DNA. 
Commercially available biotinylated DNA is very expensive 
and cannot be obtained in lengths much greater than 70 base 
pairs. The derivatized DNA then is attached to the chip 
Surface via interaction between the biotin and the Strepavi 
din. 

0210 Another disadvantage of the prior art strepavidin/ 
biotin technique includes the fact that many of the com 
pounds which bind negatively charged DNA are positively 
charged. Since the dextran Surface retains a number of 
negatively charged carboxylates, interactions of an electro 
Static nature may be mistaken for binding with the target 
DNA. Also, kinetic analyses of binding would be compro 
mised due to the additional attractive force created by the 
negative carboxylates. Still another disadvantage of the prior 
art technique is that the Strepavidin on the chip Surface gives 
rise to nonspecific interactions with many target compounds. 
0211 The procedure described in this example for the 
preparation of the DNA chip may be applied to the prepa 
ration of an analogous RNA chip. 

EXAMPLE 12 

Fabrication and Modification of Chip Derivatized 
with Self-Assembled Monolayer of Alkyl Thiol 

Terminating in Biological Binding Partner of DNA, 
to Expose DNA for Binding Studies 

0212. This example describes preparation of a SAM 
terminating at its exposed end in a nucleic acid Sequence, 
and a Surface derivatized to carry a Self-assembled mono 
layer including this species in combination with a back 
ground layer of inert SAM-forming Species. In particular, a 
SAM presenting short strands of single-stranded DNA 
(ssDNA; 34, with reference to FIGS. 8-10) above a back 
ground layer of inert non-binding thiols 30 was prepared, 
followed by hybridization of double-stranded DNA contain 
ing Specific protein binding sites to the chip Surface, the 
double-Stranded DNA having a Single Stranded tail comple 
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mentary to that presented by the chip. Specifically, an SPR 
chip was primed to receive underderivatized dsDNA modi 
fied by the generation of an EcoRI site at one end. 
0213 An SAM-forming nucleic acid species 34 was 
Synthesized as follows. Species (1) was reacted with tosyl 
chloride in pyridine at room temperature for 4-6 hours to 
give species (8): 

HC=CH- (CH)-(OCH2CH)- 
OS(O)2(CH)CH (8) 

This was reacted with NaNs in N,N-dimethylformamide at 
60° C. for approximately 4-8 hours giving species (9): 

Species (9) was reacted according to one of two methods. In 
the first method, species (9) was reacted with PPh3 in THF 
followed by reaction with water. In a preferred method, 
reaction took place with LiAlH, refluxing for two hours in 
THF, followed by reaction with water. In either case species 
(10) was recovered: 

Species (10) was reacted with (CH),C-O-C(O)-O- 
C(O)-O-C(CH), and EtN in DMF for 0.5 hours at 50° 
C. giving species (11): 

which was reacted with six equivalents of CHC(O)SH and 
CH-C(CH4)(CN)-N=N-C(CH4)(CN)-CH. The 
reaction mixture was irradiated with a medium preSSure 450 
Watt lamp (Hanovia) for five hours giving species (12): 

C(CH), (12) 

Species (12) was reacted with Hel/MeOH(0.1M) and 
refluxed for 4-6 hours to give species (13): 

HS(CH-)-(OCHCH)NH (13) 

which was reacted with I, O, and CH (CH),SH in 
dimethoxyethane for 4 hours to give species (14): 

S(CH)-(OCHCH)NH2, (14) 

0214) A 10-base strand of DNA was synthesized on a 
DNA synthesizer. While still attached to the resin, the 
5'-deprotected DNA was reacted with carbonyldiimidazole 
(CDI) to give the 5'-imidazolylacylated product. This was 
Subsequently reacted with species (14), first in dioxane for 
0.5-1 hour, then with NH at 60° C. for 6-8 hours to give 
Species (15): 

OH(3'), (15) 

Species (15) was removed from the resin by standard 
purification techniques except that NHOH at 65 C. for 8 
hrs was used, giving (16): 

The product, after removal from resin after purification 
(HPLC), was a thiol derivatized with single-stranded DNA. 
HPLC analysis showed the generation of a new species 
(50-75% pure) that eluted from the column upon purification 
much later than the underivatized 10-mer DNA and slightly 
slower than the 10-mer DNA with the trityl group still 
attached to the 5' end. The elution profile of the product is 
consistent with expected results for DNA derivatized with 
the alkyl thiol chain. 
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0215 Species (16) formed pairs of exposed nucleic acid 
strands, with the -S-S-bridge in the center of the mol 
ecule adhering to the Surface. Species (16) is represented as 
Species 34 in the figures. 
0216) The selected dsDNA desirably immobilized at the 
Surface was then cut, via Standard methods, with EcoRI. The 
cut DNA was ligated to the DNA already on the chip using 
DNA ligase, resulting in a chip ready for use in a biosensor. 
0217. To form a self-assembled monolayer, SAM-form 
ing ssDNA species (16; 34 in the figures) was mixed with the 
inert, non-binding ethyleneglycol-terminated thiol (6, 30 in 
the figures) in mM ethanol Solution in a molar percent of 
inert species of about 0.5-3%. A gold 26-coated glass 
Substrate 22 then was incubated in this solution. A SAM 28 
was formed on the gold Surface 24. It was assumed that any 
DNA not derivatized with thiol did not bind the gold surface. 
Additionally, any amino-thiol that did not react with the 5' 
hydroxyl of the DNA would have been lost during the 
extensive washing steps while the DNA was still resin 
bound. Therefore, DNA-SAMs were formed without further 
purification. Good SAM formation from acetonitrile was 
Significantly more effective than from ethanol, forming (per 
SPR analysis) ordered SAM arrays when the gold substrate 
was incubated at 45 C. for 12 hours. The surfaces were well 
behaved in that they resisted the binding of proteins and (as 
FIGS. 5-7 and related discussion show) these surfaces 
hybridized DNA if and only if the DNA had a single 
Stranded tail of exactly complementary Sequence to that 
presented by the chip. 
0218. Once dsDNA36 was hybridized to the covalently 
immobilized single-stranded DNA34 at the surface, the nick 
40 in the coding strand was covalently joined by DNAligase 
but only in cases in which the 5’ hydroxyl of the incoming 
oligo was phosphorylated. It was observed that performing 
a DNA ligation reaction resulted in more DNA stably bound 
to the Surface but only if the 5’ hydroxyl was first phospho 
rylated. When DNA containing GalA recognition sites was 
hybridized to the DNA-SAM, it selectively bound GalA. 
protein but not another DNA-binding protein Lex-B17. Our 
results indicate that we have generated a DNA-presenting 
SAM. 

EXAMPLE 13 

Characterization of Chip Derivatized with 
Self-Assembled Monolayer of Alkyl Thiol 

Terminating in Biological Binding Partner of DNA 

0219 Varying amounts of the ssDNA-derivatized disul 
fide (16) were mixed with the inert, tri-ethylene glycol 
terminated thiol (6) which defined the major component (1 
mM) in acetonitrile solutions. Pre-cleaned (H2SO/HO), 
gold-coated glass slides were incubated at 45 C. for 8-12 h 
in the Solutions. The slides were cut and mounted on plastic 
CM-5 SPR chip cassettes (Pharmacia). The experimental 
chips were docked in a BIACore TM SPR instrument and 
experiments were performed to assay the ability of the chip 
to hybridize single-stranded DNA (ssDNA) complementary 
to the strand of the DNA-derivatized thiol. 

0220. Three DNA samples were sequentially injected 
over the Same flow cell of a chip. The Samples contained 
double-stranded DNA (dsDNA) containing 2 Gal4 protein 
binding sites and the three DNA samples included: 1) DNA 
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without a single-stranded tail, 2) DNA with a 10-base single 
Stranded tail whose Sequence content was complementary to 
Strand 34 presented by the chip, but having a Scrambled 
sequence and 3) DNA with a 10-base single stranded tail 
exactly complementary to that presented by the chip. 35 u 
of each DNA sample (DNA concentration=14 pM/ul in 
400 mM NaCl) as separately injected over the DNA-SAM. 
Experiments were run at RT at a constant flow rate of 5 
uL/min in PBS (137 mM NaCl). As discussed above, the 
binding of molecules to a chip Surface is detected as a net 
increase in resonance units (RUS). A net change in RUs 
resulted only after the injection of Sample (3), that is, the 
DNA bearing a single-Stranded tail whose Sequence was 
exactly complementary to strand 34 of the DNA-thiol SAM 
immobilized on the chip. 

0221 FIG. 5 illustrates a sensorgram plotting RU as a 
function of time associated with the experiments involving 
DNA with a single-stranded scrambled tail and DNA with a 
10-base Single Stranded tail complementary to nucleic acid 
strand 34 presented by the chip. The sensorgram of FIG. 5 
is labeled with reference numerals that correspond to the 
Steps of the experimental protocol below. 

0222 1. (t=130 sec) end of injection of 137 mM NaCl 
buffer. 

0223 2. (t=205 sec) preinjection baseline. 

0224) 3. (t=519 sec) end of injection of DNA with 
10-base single-stranded scrambled “tail”. 

0225 4. (t=624 sec) preinjection baseline. 

0226 5. (t=1003 sec) end of injection of DNA with 
10-base Single-Stranded tail complementary to that pre 
Sented by the chip. 

0227 Tabulated below are DNA absorption response 
values (AbsResp; RU units) and response values relative to 
preceding baseline (RelReSp; RU units) corresponding to the 
protocol Steps above. 

Time AbsResp RelResp 

1. 130.50 11726 -4 
2. 2O6.50 11722 -7 
3. 519.50 11719 -3 
4. 624.50 11710 -8 
5. 10O3.OO 11822 1121 

0228 FIG. 6 is a sensorgram plotting RU as a function of 
time associated with injecticn of DNA without a single 
stranded tail. The sensorgram of FIG. 6 is labeled with 
reference numerals that correspond to the Steps of the 
experimental protocol below. 

0229) 1. (t=259 sec) chip description 

0230 2. (t=787 sec) end of injection of DNA without 
tail 

0231 Tabulated below are DNA absorption response 
values and response values relative to preceding baseline 
corresponding to the protocol Steps above. 
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Time AbsResp RelResp 

1. 259.OO 1238O O 
2. 787.00 12383 2 

0232 This experiment demonstrates that a biosensor Sur 
face prepared in accordance with the invention provides a 
nucleotide Sequence oriented to expose away from the chip 
Surface the nucleotide 34 for binding to a complementary 
nucleotide. 

0233 We found that the DNA hybridized to the chip was 
more stably bound if it was enzymatically ligated to the 
DNA presented by the chip. To do this, the chips were 
docked in the BIAcore TM SPR instrument and equilibrated in 
PBS. Baseline measurements were recorded for each flow 
cell. The chips were then removed from the instrument and 
were bathed in 100 lull of a solution containing DNA with a 
10-base Single-Stranded tail complementary to Strand 34 
presented by the chip for 0.5 h at RT. The excess solution 
was removed from the chip surface and 200 lull of DNA 
ligase in ligase buffer was added to mend nick 40 in the 
strand. The stability of the bound DNA increased if and only 
if DNA ligase was present and the 5' end of the incoming 
synthetic DNA strand was phosphorylated. These results 
reflect the advantage of using DNA ligase to join two DNA 
Strands through a 5" phosphate group. 

EXAMPLE 1.4 

SPR Determination of Specific Protein Binding to 
DNA Chip 

0234 Experiments were performed to determine whether 
these chips as described in Example 13 could specifically 
bind proteins to binding sites on the hybridized DNA while 
resisting the non-specific adsorption of irrelevant proteins. 
In particular, SPR experiments were conducted to investi 
gate the binding of Gal4(1-100) as opposed to Lex-B17 on 
chips carrying hybridized DNA bearing 2Gal4 protein bind 
ing Sites. FIG. 7 is a Sensorgram plotting resonance unit as 
a function of time associated with this example. The Sen 
Sorgram of FIG. 7 is labled with reference numerals that 
correspond to the Steps of the experimental protocol below. 

0235 1. (t=77 sec) chip description 
0236 2. (t=335 sec) end of injection of 137 mM NaCl 
0237 3. (t=677 sec) end of injection of DNA including 
10-base pair complementary to that presented by the 
chip 

0238 4. (t=923 sec) preinjection baseline 
0239) 5. (t=1275 sec) end of injection of Lex-B17 
(0.125 mg/ml) 

0240 6. (t=1327 sec) preinjection baseline 
0241 7. (t=1700 sec) end of injection of Gal4 (0.125 
mg/ml) 

0242 Tabulated below are protein absorption response 
values and response values relative to preceding baseline 
corresponding to the protocol Steps above. 
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Time AbsResp RelResp 

1. 77.50 10651 O 
2. 335.50 10658 7 
3. 677.50 10791 133 
4. 923.OO 10732 -59 
5. 1275.50 10762 29 
6. 1327.50 10741 -20 
7. 17OO.OO 10955 213 

0243 Experiments were performed also to determine 
whether the concentration of the SAM-forming nucleotide 
on the chip had an effect on protein binding. Table 1 shows 
a comparison of four different chips with different DNA 
concentration at the chip Surface, the DNA including 2 Gal4 
protein binding sites. 

TABLE 1. 

dsDNA CONTAINING 2 
GAL4 BINDING SITES LEX B17 

(A RUs) GAL4 BOUND (RUs) BOUND (RUs) 
52 164 
74 213 O 

441 365 
1378 1079 96 

0244 SPR experiments showed that hybridized DNA 
bearing 2 Gal4 protein binding siteS preferrentially bound 
Gal4 (1-100) protein over Lex-B17. Additionally, there 
appears to be a direct correlation between the amount of 
DNA hybridized to the chip and the amount of Gal4 that 
Subsequently bound to it. 
0245. The observed preference of chip-hybridized DNA 
containing GalAbinding sites for Gal4 protein over Lex-B17 
was reversed when DNA bearing Lex binding sites was 
hybridized to the chip surface (see Table 2). DNA containing 
2 LeX binding sites and a Single-Stranded complementary tail 
was annealed, then ligated to a SSDNA chip. The chip was 
then docked in a BIAcore TM SPR instrument and equimolar 
concentrations of either Lex-B17 or GalA were separately 
passed over three flow cells of the same chip. 

TABLE 2 

FLOW CELL GAL4 BOUND (RUs). LEX B17 BOUND (Rus) 
1. 363 
2 136 
3 345 

EXAMPLE 1.5 

Reversible Hybridization of Double-Stranded DNA 
Specific for LEX-1317 and Confirmation of 

Specificity 
0246. In this example, hybridization, disassociation, and 
re-hybridization of dsDNA specific for LEX-B17 is dem 
onstrated, along with the specificity of the dsDNA for the 
protein. 
0247 A chip was prepared as described in Example 13 
and illustrated in FIG. 8 including an SAM having, as a 
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minor component, a nucleotide 34. dsDNA 36 was hybrid 
ized to Strand 34, the nick in the coating Strand was ligated, 
and restriction enzyme 46 used to cut the dsDNA on the 
chip. 

0248. As illustrated in FIG. 10, dsDNA having a binding 
site for LEX-B17, and having been cut with restriction 
enzyme 46, was hybridized to DNA 48 presented by the 
chip, but the nick in the coating Strand was not mended. Hot 
water was injected to remove strand 56, and strand 56 was 
allowed to re-hybridized to strand 54, and the process was 
shown to be repeatable. Following repetition of disasSocia 
tion and re-hybridization of strand 56 to strand 54, immo 
bilized dsDNA 52 was shown to be specific for Lex-B17, 
while NSB of Gal 4 was very low. After confirmation of 
specificity for Lex-B17, strand 56 could be disassociated 
and re-hybridized and the specificity for Lex-B17 demon 
Strated again. 
0249. This example demonstrates the robustness of 
Single-Stranded DNA, immobilized at a Surface, even when 
not covalently linked to the Surface. 
0250 Those skilled in the art would readily appreciate 
that all parameters listed herein are meant to be exemplary 
and actual parameters will depend upon the Specific appli 
cation for which the methods and apparatus of the present 
invention are being used. It is, therefore, to be understood 
that the foregoing embodiments are presented by way of 
example only and that, within the Scope of the appended 
claims and equivalents thereto, the invention may be prac 
ticed otherwise than as Specifically described. 

What is claimed is: 
1. A molecule having a formula: 

X-R-Ch 

wherein X represents a functional group that adheres to a 
gold Surface, R represents a Spacer moiety that pro 
motes formation of a Self-assembled monolayer of a 
plurality of the molecules, and Ch represents a chelat 
ing agent that coordinates a metalion, Selected from the 
group consisting of bidentate, tridentate, and quad 
radentate chelating agents. 

2. The molecule as recited in claim 1, wherein the 
chelating agent is a quadradentate chelating agent. 

3. The molecule as recited in claim 1, wherein the 
chelating agent is nitrilotriacetic acid. 

4. The molecule as recited in claim 1, further comprising 
a metal ion coordinated to the chelating agent. 

5. The molecule as recited in claim 4, wherein the 
chelating agent and metal ion are Selected Such that the 
chelating agent coordinates all but at least two of the metal 
coordination sites. 

6. The molecule as recited in claim 4, wherein the 
chelating agent is a tetradentate chelating agent, and the 
metal ion has a coordination number of Six. 

7. The molecule as recited in claim 4, wherein the metal 
ion is Ni". 

8. The molecule as recited in claim 4, further comprising 
a biological binding partner of a biological molecule coor 
dinated to the metal ion. 

9. The molecule as recited in claim 8, wherein the 
biological binding partner includes a polyamino acid tag that 
coordinates the metal ion. 
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10. The molecule as recited in claim 9, wherein the 
polyamino acid tag comprises at least two neighboring 
amino acids defining a chelating agent that coordinates the 
metal ion. 

11. The molecule as recited in claim 10, wherein the at 
least two neighboring amino acids are at least two neigh 
boring histidines. 

12. The molecule as recited in claim 8, wherein the 
biological binding partner Specifically binds a protein. 

13. An article comprising: 
A Solid phase having a Surface; 

a Self-assembled mixed monolayer adhered to the Surface, 
the mixed monolayer formed of at least a first species 
and a Second Species, the first Species having a formula: 
X-R-Ch 

where X, R, and Ch are each selected Such that X 
represents a functional group that adheres to the Sur 
face, R represents a Spacer moiety that promotes Self 
assembly of the mixed monolayer, and Ch represents a 
chelating agent that coordinates a metal ion, and the 
Second Species being Selected to form a mixed Self 
assembled monolayer with the first Species, 

wherein the mixed monolayer comprises the Second and 
first species in a molar ratio at least 70:30. 

14. The article as recited in claim 13, wherein the mixed 
monolayer comprises the Second and first species in a molar 
ratio at least 80:20. 

15. The article as recited in claim 14, wherein the mixed 
monolayer comprises the Second and first Species in a molar 
ratio at least 90:10. 

16. The article as recited in claim 15, wherein the mixed 
monolayer is comprised of about 95 mol % of the second 
species and about 5 mol % of the first species. 

17. The article as recited in claim 13, wherein the article 
comprises a chromatography Solid phase. 

18. The article as recited in claim 13, wherein the article 
comprises a biosensor element. 

19. The article as recited in claim 13, wherein the article 
is a Surface plasmon resonance chip. 

20. The article as recited in claim 13, wherein the second 
Species has a formula: 

wherein X represents a functional group that adheres to a 
Surface, R represents a Spacer moiety that promotes 
formation of a Self-assembled monolayer of a plurality 
of the molecules, and n is from one to ten. 

21. The article as recited in claim 13, further comprising 
a metal ion coordinated to the chelating agent. 

22. The article as recited in claim 21, wherein the metal 
ion is Ni". 

23. The article as recited in claim 21, further Comprising 
a biological binding partner of a biological molecule coor 
dinated to the metal ion. 

24. The article as recited in claim 23 wherein the bio 
logical binding partner Specifically binds a protein. 

25. The article as recited in claim 13 wherein the Solid 
phase is a film of gold. 

26. An article Suitable for capturing a biological molecule, 
comprising: 
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A Solid phase having a Surface; 
a Self-assembled mixed monolayer adhered to the Surface, 

the mixed monolayer formed of at least a first species 
and a Second Species, 

wherein the first Species has a formula: 
X-R-Ch-M-BP 

where X, R, Ch, M, and BP are each selected Such that X 
represents a functional group that adheres to the Sur 
face, R represents a Spacer moiety that promotes Self 
assembly of the mixed monolayer, Ch represents a 
chelating agent that coordinates a metal ion, M repre 
Sents a metal ion, and BP represents a binding partner 
of the biological molecule, the binding partner being 
coordinated to the metal ion, and the Second species is 
Selected to form a mixed Self-assembled monolayer 
with the first Species. 

27. The article as recited in claim 26, wherein the mixed 
monolayer is comprised of the Second and first Species in a 
molar ratio of at least 70:30. 

28. The article as recited in claim 26, wherein the article 
comprises a biosensor element. 

29. The article as recited in claim 26, wherein the metal 
ion is Nit. 

30. The article as recited in claim 26, wherein the Solid 
phase is a film of gold. 

31. The article as recited in claim 26, wherein the second 
Species has a formula: 

wherein X represents a functional group that adheres to a 
Surface, R represents a Spacer moiety that promotes 
formation of a Self-assembled monolayer of a plurality 
of the molecules, and n is from one to Six. 

32. The article as recited in claim 26, wherein the binding 
partner includes a polyamino acid tag that coordinates the 
metal ion. 

33. A method of making an article having a Surface for 
capturing a target molecule, comprising: 

formulating a Solution containing a mixture of at least a 
first and a Second Species, the first Species having a 
formula: 

X-R-Ch 

where X, R, and Ch are each selected Such that X 
represents a functional group that adheres to the Sur 
face, R represents a Spacer moiety that promotes Self 
assembly of the mixed monolayer, and Ch represents a 
chelating agent that coordinates a metal ion, 

wherein the Second Species is Selected to form a mixed 
Self-assembled monolayer with the first Species, and the 
Second Species and first species are present in the 
Solution at a molar ratio of at least 70:30; and 

exposing to the Surface the Solution for a period of time 
sufficient to form a self-assembled mixed monolayer of 
the first and Second Species on the Surface. 

34. The method as recited in claim 33, wherein the 
Solution contains a molar ratio of the Second Species to the 
first species of at least about 70:30. 

35. The method as recited in claim 33, further comprising 
exposing to the Surface a Solution containing a metalion and 
allowing the chelating agent to coordinate the metal ion. 
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36. The method as recited in claim 35, further comprising 
exposing to the Surface a Solution containing a binding 
partner of a biological molecule, and allowing the binding 
partner to coordinate the metal ion. 

37. The method as recited in claim 36, further comprising 
exposing to the Surface a Solution containing a a biological 
molecule, and allowing the biological molecule to biologi 
cally bind to the binding partner. 

38. The method as recited in claim 33, wherein the article 
is a Sensing element Suitable for use in a biosensor, and the 
Surface is a Sensing Surface. 

39. A method of capturing a biological molecule, com 
prising: 

providing an article that has a Surface having adhered 
thereto a species of a formula: 

wherein X represents a functional group that adheres to a 
Surface, R represents a Self-assembled monolayer-pro 
moting Spacer moiety, Ch represents a chelating agent 
that coordinates a metal ion, M represents a metal ion 
coordinated by the chelating agent, and BP represents 
a binding partner of the biological molecule, the bind 
ing partner being coordinated to the metal ion; 

contacting the Surface with a medium containing a bio 
logical molecule and allowing the molecule to biologi 
cally bind to the binding partner. 

40. The method as recited in claim 39, wherein the article 
is a biosensor element. 

41. The method as recited in claim 39, further comprising 
determining the biological molecule. 

42. The method as recited in claim 41, wherein the 
determining Step comprises detecting a physical change 
asSociated with the Surface. 

43. A method of capturing a biological molecule, com 
prising: 

providing a Solid phase having a Surface, a chelating agent 
immobilized at the Surface, a metal ion coordinated by 
the chelating agent, and a biological binding partner of 
the biological molecule coordinated to the metal ion; 
and 
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bringing into contact with the Surface a medium contain 
ing the biological molecule for a period of time Suffi 
cient to allow the biological molecule to biologically 
bind to the binding partner. 

44. The method as recited in claim 43, wherein the 
biological binding partner includes a polyamino acid tag that 
coordinates the metal ion, and a recognition region for the 
biological molecule remote from the polyamino acid tag. 

45. The method as recited in claim 43, wherein the 
chelating agent, metalion, and binding partner are members 
of a species of a formula: 

wherein X represents a functional group that adheres to 
the Surface, R represents a Self-assembled monolayer 
promoting Spacer moiety, Ch represents the chelating 
agent, M represents the metal ion coordinated by the 
chelating agent, and BP represents the binding partner 
coordinated to the metal ion. 

46. The method as recited in claim 43, further comprising 
determining the biological molecule. 

47. The method as recited in claim 46, wherein the 
determining Step comprises detecting a physical change 
asSociated with the Surface. 

48. The method as recited in claim 47, wherein the 
determining Step comprises detecting a plasmon resonance 
change associated with the Surface. 

49. A Sensing element Suitable for use in a biosensor, for 
determination of a biological molecule, comprising: 

a Substrate; 
metal film on the Substrate having a Surface; 
a self-assembled monolayer of a species X-R-NA-NAB 

adhered to the Surface, wherein X represents a func 
tional group that adheres to the Surface, R represents a 
Spacer moiety that promotes formation of a Self-as 
Sembled monolayer of a plurality of the Species, NA 
represents a nucleic acid Strand, and NAB represents a 
nucleic acid Strand that is a binding partner of NA and 
a binding partner of the biological molecule to be 
determined. 


