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(57) ABSTRACT 

X-ray ?uorescence (XRF) spectrometry has been used for 
detecting binding events and measuring binding selectivities 
between chemicals and receptors. XRF may also be used for 
estimating the therapeutic index of a chemical, for estimating 
the binding selectivity of a chemical versus chemical analogs, 
for measuring post-translational modi?cations of proteins, 
and for drug manufacturing. 
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ADVANCED DRUG DEVELOPMENT AND 
MANUFACTURING 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 09/859,701, now US. Patent 
Application 20030027129 entitled “Method for Detecting 
Binding Events Using Micro-X-ray Fluorescence Spectrom 
etry,” Which Was published on Feb. 6, 2003, and a continua 
tion-in-part of US. patent application Ser. No. 10/206,524, 
now US. Patent Application 20040017884 entitled “FloW 
Method and Apparatus for Screening Chemicals Using 
Micro-X-Ray Fluorescence,” Which Was published on Jan. 
29, 2004, and a continuation-in-part of US. patent applica 
tion Ser. No. 10/621,825 ?led Jul. 16, 2003, all hereby incor 
porated by reference herein. This application also claims the 
bene?t of US. Provisional Application Ser. No. 60/850,594 
?led Oct. 10, 2006, hereby incorporated by reference herein. 

STATEMENT REGARDING FEDERAL RIGHTS 

[0002] This invention Was made With government support 
under Contract No. DE-AC52-06NA25396 aWarded by the 
US. Department of Energy. The government has certain 
rights in the invention. 

FIELD OF THE INVENTION 

[0003] The present invention relates generally to detecting 
binding events and more particularly to estimating binding 
selectivities for chemicals, analogs, and drugs being tested 
With receptors and then manufacturing those having a high 
binding selectivity to the receptors. 

BACKGROUND OF THE INVENTION 

[0004] The desire to hasten the identi?cation of potentially 
important drugs, catalysts, chemical and biological sensors, 
medical diagnostics, and other materials is a constant chal 
lenge that has prompted the use of combinatorial synthetic 
and screening strategies for synthesiZing these materials and 
screening them for desirable properties. Combinatorial syn 
thesis involves assembling a “library”, i.e. a very large num 
ber of chemically related compounds and mixtures, usually in 
the form of an array on a substrate surface. High throughput 
screening of an array involves identifying Which members of 
the array, if any, have the desirable property or properties. The 
array form facilitates the identi?cation of a particular material 
on the substrate. Combinatorial arrays and high-throughput 
screening techniques have been used to solve a variety of 
problems related to the development of biological materials 
such as proteins and DNA because the screening techniques 
can be used to rapidly assay many biological materials. 
[0005] The binding properties of a protein largely depend 
on the exposed surface amino acid residues of its polypeptide 
chain (see, for example, Bruce Alberts et al., “Molecular 
Biology of the Cell”, 2'” edition, Garland Publishing, Inc., 
NeW York, 1989; and H. Lodish et al., “Molecular Cell Biol 
ogy”, 4th edition, W. H. Freeman and Company, 2000). These 
amino acid residues can form Weak noncovalent bonds With 
ions and molecules. Effective binding generally requires the 
formation of many Weak bonds at a “binding site,” Which is 
usually a cavity in the protein formed by a speci?c arrange 
ment of amino acids. There should be a precise ?t With the 
binding site for effective binding to occur. 
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[0006] The chemical properties and in particular, the bind 
ing properties of a protein depend almost entirely on the 
exposed surface amino acid residues of the polypeptide chain. 
These residues can form Weak noncovalent bonds With other 
molecules. An effective binding betWeen the protein, one 
example of a group of materials herein referred to as “recep 
tors”, and the material that binds to the receptor, referred to 
herein as “chemical”, generally requires that many Weak 
bonds form betWeen the protein receptor and the chemical. 
Chemicals include organic molecules, inorganic molecules, 
salts, metal ions, and the like. The bonds betWeen the protein 
and the chemical form at the “binding site” of the protein. The 
binding site is usually a cavity in the protein that is formed by 
a speci?c arrangement of amino acids that often belong to 
Widely separated regions of the polypeptide chain and repre 
sent only a minor fraction of the total number of amino acids 
present in the chain. Chemicals should ?t precisely into the 
binding site for effective binding to occur. The shape of these 
binding sites can differ greatly among different proteins, and 
even among different conformations of the same protein. 
Even slightly different conformations of the same protein 
may differ greatly in their binding abilities. For further dis 
cussion of the structure and function of proteins, see: Bruce 
Alberts et al., “Molecular Biology of the Cell”, 2'” edition, 
Garland Publishing, Inc., NeW York, 1989; and H. Lodish et 
al., “Molecular Cell Biology”, 4”’ edition, W. H. Freeman and 
Company, 2000. 
[0007] After a receptor array is prepared, it is screened to 
determine Which members have the desirable property or 
properties. US. Pat. No. 5,143,854 to M. C. Pirrung et al. 
entitled “Large Scale Photolithographic Solid Phase Synthe 
sis of Polypeptides and Receptor Binding Screening 
Thereof”, Which issued Sep. 1, 1992, hereby incorporated by 
reference, describes one such screening method. A polypep 
tide array is exposed to a ligand (an example of a chemical) to 
determine Which members of the array bind to the ligand. The 
ligands described are radioactive, or are “tagged”, i.e. 
attached via one or more chemical bonds to a chemical por 

tion that ?uoresces When exposed to non-ioniZing, ultraviolet 
radiation. Thus, the attached portion, i.e. the tag, makes the 
chemical visible by interrogation With ultraviolet radiation. 
Tagged molecules have also been used to aid in sequencing 
immobiliZed polypeptides as described, for example, in US. 
Pat. No. 5,902,723 to W. J. DoWer et al. entitled “Analysis of 
Surface Immobilized Polymers UtiliZing Micro?uorescence 
Detection,” Which issued May 11, 1999. Immobilized 
polypeptides are exposed to molecules labeled With ?uores 
cent tags. The tagged molecules bind to the terminal mono 
mer of a polypeptide, Which is then cleaved and its identity 
determined. The process is repeated to determine the com 
plete sequence of the polypeptide. 
[0008] It is generally assumed that the attachment of a 
?uorescent tag to a chemical only serves to make visible the 
otherWise invisible chemical, and does not alter its binding 
properties. Since it is Well knoWn that even small changes to 
the structure of a molecule could affect its function, this 
assumption that a tagged chemical, i.e. a “surrogate”, has the 
same binding a?inity as the untagged chemical may not be a 
valid one. Small structural changes that accompany even a 
conformational change of a receptor have been knoWn to 
affect the binding a?inity of the receptor. The tagged surro 
gates are structurally different from their untagged counter 
parts, and these structural differences could affect their bind 
ing a?inities. Since binding a?inities derived using tagged 
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surrogates are suspect, the binding properties of receptors and 
chemicals should be evaluated using the untagged chemical 
or receptor and not With a tagged surrogate. 
[0009] Pharmaceutical chemicals are the active ingredients 
in drugs, and it is believed that their therapeutic properties are 
linked to their ability to bind to one or more binding sites. The 
shapes of these binding sites may differ greatly among dif 
ferent proteins, and even among different conformations of 
the same protein. Even slightly different conformations of the 
same protein may differ greatly in their binding abilities. For 
these reasons, it is extremely dif?cult to predict Which chemi 
cals Will bind effectively to proteins. 
[0010] Development and manufacturing for a neW pharma 
ceutical chemical for a drug, i.e. drug development, generally 
involves determining the binding a?inities betWeen a poten 
tial pharmaceutical chemical (preferably a Water soluble 
organic chemical that can dissolve into the blood stream) and 
a receptor (generally a biological material such as an enZyme 
or non-enZyme protein, DNA, RNA, human cell, plant cell, 
animal cell, and the like) at many stages of the drug develop 
ment process. The receptor may also be a microorganism (e.g. 
prion, virus, bacterium, spores, and the like) in Whole or in 
part. The drug development process typically involves proce 
dures for combining potential pharmaceutical chemicals With 
receptors, detecting chemical binding betWeen the potential 
pharmaceutical chemicals and the receptors and determining 
the binding a?inity and kinetics of binding of a receptor to a 
chemical to form a complex or the kinetics of release of a 
bound chemical from a complex. The binding a?inity is 
de?ned herein as the associative equilibrium constant Ka for 
the folloWing equilibrium expression: 

m(chemical)+receptor =chemical—receptor 
complex 

[0011] The binding af?nity, Ka, is de?ned by equation 
(1) beloW. 
Ka:[chemical—receptor complex]/ [receptor] [chemi 
cal]'" (1) 

In equation (1), [chemical-receptor complex] is the concen 
tration in moles per liter of the chemical-receptor complex, 
[receptor] is the concentration in moles per liter of the recep 
tor, ‘m’ is the number of molecules of chemical that bind to 
each molecule of receptor, and [chemical] is the concentra 
tion in moles per liter of the chemical. Any effects due to 
concentration can be simpli?ed if the concentration of chemi 
cal used Were the same for all receptors. 
[0012] NoWadays, the drug development process may 
involve the rapid screening of hundreds or thousands of 
chemicals in order to identify a “lead compound,” Which is 
one of the many tested that binds very strongly, i.e. has a high 
binding a?inity, With a particular receptor. After such a lead 
compound has been identi?ed, then other potential pharma 
ceutical chemicals similar in structure to the lead compound, 

Sep. 11,2008 

Which are referred to herein as “analogs” of the lead com 
pound, are synthesiZed and tested in order to determine Which 
of these chemicals, if any, exhibits an even higher binding 
af?nity. 
[0013] The preparation and high-throughput screening of 
biological arrays is exempli?ed by the folloWing papers: H. 
Zhu and M. Snyder, “Protein Chip Technology (RevieW),” 
Current Opinion in Chemical Biology, vol. 7, pp. 55-63, 
(2003); G. MacBeath and S. L. Schreiber, “Printing Proteins 
As Microarrays For High-Throughput Function Determina 
tion,” Science, vol. 289, pp. 1760-1763, (2000); E. T. Fung et 
al., “Protein biochips for differential pro?ling,” Analytical 
Biotechnology, Vol. 12, pp. 65-69, (2001); T. Kukar et al., 
“Protein Microarrays to Detect ProteiniProtein Interactions 
Using Red and Green Fluorescent Proteins,” Analytical Bio 
chemistry, vol. 306, pp. 50-54, (2002); G. Y. J. Chen et al., 
“Developing a Strategy for Activity-Based Detection of 
Enzymes in a Protein Microarray,” ChemBioChem, pp. 336 
339, (2003); K. Martin et al., “Quantitative analysis of protein 
phosphorylation status and protein kinase activity on 
microarrays using a novel ?uorescent phosphorylation sensor 
dye,”Proteomics, Vol. 3, pp. 1244-1255, (2003); J. Burbaum 
and G. M. Tobal, “Proteomics in drug discovery,” Current 
Opinion in Chemical Biology, Vol. 6, pp. 427-433, (2002); I. 
A. Hemmila and P. Hurskainen, “Novel detection strategies 
for drug discovery,” Drug Discovery Today, Vol. 7, pp. S150 
S156, (2002), Pages S150-S156; all incorporated herein by 
reference. 
[0014] Some screening methods are described in the fol 
loWing patents, all of Which are hereby incorporated by ref 
erence. 

[0015] US. Pat. No. 6,147,344 to D. Allen Annis et al. 
entitled “Method for Identifying Compounds in a Chemical 
Mixture”, Which issued Nov. 14, 2000, describes a method for 
automatically analyZing mass spectrographic data from mix 
tures of chemical compounds. 
[0016] US. Pat. No. 6,344,334 to JonathanA. Ellman et al. 
entitled “Pharmacophore Recombination for the Identi?ca 
tion of Small Molecule Drug Lead Compounds,” Which 
issued Feb. 5, 2002, describes a method for identifying a drug 
lead compound by contacting target biological molecules 
With cross-linked binding fragments. 
[0017] US. Pat. No. 6,395,169 to Ole Hindsgaul et al. 
entitled “Apparatus for Screening Compound Libraries,” 
Which issued May 28, 2002, describes an apparatus that 
employs frontal chromatography combined With mass spec 
trometry to identify and rank members of a library that bind to 
a target receptor. 
[0018] Other current high-throughput screening methods, 
along With their associated draWbacks, are listed in TABLE 1 
beloW, Which is taken from the folloWing paper: H. Zhu and 
M. Snyder, “Protein Chip Technology (RevieW),” Current 
Opinion in Chemical Biology, vol. 7, pp. 55-63, (2003). 

TABLE 1 

Detection Technique Probe Labeling Data Acquirement 

ELISA (Enzyme-Linked Enzyme-Linked Antibodies CCD Imaging 
Immunosorbent Assay) 
Isotopic Labeling 
Sandwich Immunoassay 

Radioisotope Labeled Analyte X-Ray Film Or Phospoimager 
Fluorescently Labeled 
Antibodies 

Laser Scanning 
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TABLE l-continued 
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Detection Technique Probe Labeling Data Acquirement 

Surface Plasmon Resonance Receptor must be attached to 
a surface 

Non-Contact Atomic Force None 
Microscopy 
Planar Waveguide Fluorescently Labeled CCD Imaging 

Antibodies 
SELDI (Surface Enhanced None 
Laser Desorption Ionization 
Mass Spectrometry) 
Electrochemical Metal-Coupled Analyte 

Mass Spectrometry 

Refractive Index Change 

Surface Topological Change 

Conductivity Measurement 

[0019] TABLE 1 shows that most of the listed screening 
methods have the same drawback: they require either radio 
labeled chemicals, chemicals that have been altered with a 
?uorescent tag, or chemicals that have been altered with a 
metal tag. 
[0020] X-ray ?uorescence @(RF) spectrometry is a power 
ful spectroscopic technique that has been used to determine 
the elements that are present in a chemical sample, and to 
determine the quantity of those elements in the sample. The 
underlying physical principle of the method is that when an 
atom of a particular element is irradiated with X-ray radia 
tion, the atom ejects a core electron such as a K shell electron. 
The resulting atom is in then an excited state, and it can return 
to the ground state by replacing the ejected electron with an 
electron from a higher energy orbital. This is accompanied by 
the emission of a photon, i.e. X-ray ?uorescence, and the 
photon energy is equal to the difference in the energies of the 
two electrons. Each element has a characteristic set of orbital 
energies and therefore, a characteristic X-ray ?uorescence 
(XRF) spectrum. 
[0021] An XRF spectrometer is an apparatus capable of 
irradiating a sample with an X-ray beam, detecting the X-ray 
?uorescence from an element included in the sample, and 
using the X-ray ?uorescence to determine which elements are 
present in the sample and providing the quantity of these 
elements. A typical, commercially available X-ray ?uores 
cence spectrometer is the EDAX Eagle XPL energy disper 
sive X-ray ?uorescence spectrometer, equipped with a micro 
focus X-ray tube, lithium drifted silicon solid-state detector, 
processing electronics, and vendor supplied operating soft 
ware. In principle, any element may be detected and quanti 
?ed with XRF. 

[0022] US. Patent Application 20030027129 entitled 
“Method for Detecting Binding Events Using Micro-X-ray 
Fluorescence Spectrometry,” incorporated by reference 
herein, describes a method for detecting binding events using 
micro-x-ray ?uorescence spectrometry. According to the 
’ 129 patent application, receptors are exposed to at least one 
potential chemical and arrayed on a substrate support. Each 
member of the array is exposed to X-ray radiation. The mag 
nitude of a detectable x-ray ?uorescence signal for at least one 
element can be used to determine whether a binding event 
between a chemical and a receptor has occurred, and can 
provide information related to the extent of binding between 
the chemical and receptor. 
[0023] US. Patent Application 20040017884 entitled 
“Flow Method And Apparatus For Screening Chemicals 
Using Micro X-Ray Fluorescence,” which was published on 
Jan. 29, 2004, incorporated by reference herein, describes a 

method for identifying binding events between potential 
pharmaceutical chemicals and receptors (e.g. proteins). The 
method involves modifying a mixture of potential pharma 
ceutical chemicals by adding at least one receptor to the 
mixture. After allowing su?icient time for any bound com 
plex between any of the potential pharmaceutical chemicals 
and any of the receptors to form, if such a complex can form, 
the resulting solution is ?ow separated into at least two com 
ponents. Each component is exposed to an x-ray excitation 
beam. If the exposed component emits a detectable x-ray 
?uorescence signal, that component is isolated. The identity 
of any isolated component can be determined using one or 
more standard analytical techniques, such as gas chromatog 
raphy, liquid chromatography, mass spectrometry, nuclear 
magnetic resonance spectroscopy, infrared spectroscopy, 
ultraviolet spectroscopy, visible spectroscopy, elemental 
analysis, cell culturing, immunoassaying, and the like. 
[0024] Effective drugs are selective drugs; they bind to a 
speci?c desired receptor, bypassing other receptors, to pro 
duce a desired therapeutic effect. This way, they target a 
speci?c disease in the body with minimal side effects; selec 
tivity provides e?icacy without undesirable side effects. 
[0025] The therapeutic index is a measure of drug selectiv 
ity that is ordinarily calculated from data obtained from 
experiments with animals. The therapeutic index of the drug 
is typically de?ned as the ratio of two numbers, LD50/ED50, 
where LD50 is the dose of a drug that is found to be lethal (i.e. 
toxic) for 50 percent of the population of animals used for 
testing the drug, and ED50 is the dose of the drug that is found 
to have a therapeutic effect for 50 percent of that population. 
More broadly, it is a measure of the how much of the drug is 
needed to produce a harmful effect relative to the amount 
needed to produce a bene?cial effect. The ratio LD50/ED50 is 
therefore, a measure of the approximate “safety factor” for a 
drug; a drug with a high therapeutic index can presumably be 
administered with greater safety than one with a low index. 

[0026] Estimating the therapeutic index of a chemical 
involves measuring the binding af?nity of a chemical to a ?rst 
receptor, and measuring the binding a?inity of the same 
chemical to a second receptor. After measuring these binding 
a?inities, the ratio of the binding a?inity of the chemical 
divided by the amount of ?rst receptor versus the binding 
a?inity of the chemical divided by the amount of the second 
receptor is determined. This ratio is provides an estimate of 
the “therapeutic index”. For an example of using DNA arrays 
with optical ?uorescence high-throughput screening to esti 
mate a therapeutic index, see for example, R. Ulrich and S. H. 
Friend, “Toxicogenomics and Drug Discovery: Will New 
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Technologies Help Us Produce Better Drugs?,” Nature 
Reviews Drug Discovery, V. 1, pp. 84-88 (2002), incorporated 
herein by reference. 
[0027] There remains a need for simpler methods for mea 
suring binding a?inities and selectivities, estimating the 
therapeutic index of a chemical, and for expediting drug 
manufacturing, 
[0028] Therefore, an object of the present invention is to 
provide a method for measuring binding a?inities of chemi 
cals. 
[0029] Another object of the present invention is to provide 
a method for measuring selectivity of chemicals binding to 
receptors. 
[0030] Yet another object of the invention is to provide a 
method for estimating the therapeutic index of a chemical. 
[0031] Still another object of the invention is to provide a 
method that employs x-ray ?uorescence for drug manufac 
ture. 

[0032] Additional objects, advantages and novel features of 
the invention Will be set forth in part in the description Which 
folloWs, and in part Will become apparent to those skilled in 
the art upon examination of the folloWing or may be learned 
by practice of the invention. The objects and advantages of the 
invention may be realiZed and attained by means of the instru 
mentalities and combinations particularly pointed out in the 
appended claims. 

SUMMARY OF THE INVENTION 

[0033] In accordance With the purposes of the present 
invention, as embodied and broadly described herein, the 
present invention includes a method for estimating the bind 
ing selectivity of a chemical having at least one heavy element 
(i.e. an element having an atomic number of nine or higher) to 
at least tWo receptors. The method includes establishing a 
baseline X-ray ?uorescence signal for a heavy element in a 
portion of a ?rst receptor and in a portion of at least one more 
receptor that may be the same or different from the ?rst 
receptor, the heavy element being present in a chemical to be 
tested for binding to the receptors; exposing the receptors to 
the chemical and alloWing the chemical to bind to them to 
form a ?rst chemical -receptor complex and at least one more 
chemical-receptor complex; measuring the x-ray ?uores 
cence signals due to the heavy element in the ?rst chemical 
receptor complex and in the at least one more chemical 
receptor complex; subtracting the baseline x-ray ?uorescence 
signal of the ?rst receptor from the measured x-ray ?uores 
cence signal of the of the ?rst chemical-receptor complex to 
obtain a ?rst net x-ray ?uorescence signal; subtracting the 
baseline x-ray ?uorescence signal of the at least one more 
receptor from the measured x-ray ?uorescence signal of the 
of the at least one more chemical-receptor complex to obtain 
at least one more net x-ray ?uorescence signal; and then 
estimating the selectivity of the chemical by dividing the ?rst 
net x-ray ?uorescence signal by the amount of receptor in the 
portion of the ?rst receptor to obtain a ?rst quotient, dividing 
the at least one more net x-ray ?uorescence signal by the 
amount of receptor in the portion of the at least one more 
receptor to obtain at least one more quotient, and then com 
paring the ?rst quotient to the at least one more quotient. 
[0034] The invention also includes a method for estimating 
the binding selectivity of a chemical versus at least one analog 
of the chemical to at least tWo receptors, the chemical and the 
at least one analog each having at least one heavy element. 
The method includes establishing a baseline x-ray ?uores 
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cence signal for a ?rst heavy element in a ?rst portion of a ?rst 
receptor and in a ?rst portion of a second receptor, the ?rst 
heavy element being present in a chemical to be tested for 
binding to the receptors; establishing a baseline x-ray ?uo 
rescence signal for a second heavy element in a second por 
tion of the ?rst receptor and in a second portion of a second 
receptor, the second heavy element being present in an analog 
of the chemical to be tested for binding to the receptors; 
exposing the ?rst portions of the receptors to the chemical and 
alloWing the chemical to bind to them to form a ?rst chemical 
receptor complex and a second chemical-receptor complex; 
measuring the x-ray ?uorescence signal due to the ?rst heavy 
element present in the ?rst chemical-receptor complex and in 
the second chemical-receptor complex; exposing the second 
portions of the receptors to the analog and alloWing the analog 
to bind to them to form a ?rst analog-receptor complex and a 
second analog-receptor complex; measuring the x-ray ?uo 
rescence signal due to the second heavy element present in the 
?rst analog-receptor complex and in the second analog-re 
ceptor complex; calculating the net x-ray ?uorescence signal 
due to the ?rst heavy element in the ?rst chemical-receptor 
complex by subtracting the baseline x-ray ?uorescence signal 
of the ?rst portion of the ?rst receptor from the measured 
x-ray ?uorescence signal of the of the ?rst chemical-receptor 
complex; calculating the net x-ray ?uorescence signal due to 
the ?rst heavy element present in the second chemical-recep 
tor complex by subtracting the baseline x-ray ?uorescence 
signal of the ?rst portion of the second receptor from the 
measured x-ray ?uorescence signal of the second chemical 
receptor complex; calculating the net x-ray ?uorescence sig 
nal due to the second heavy element in the ?rst analog 
receptor complex by subtracting the baseline x-ray 
?uorescence signal of the second portion of the ?rst receptor 
from the measured x-ray ?uorescence signal of the of the ?rst 
analog-receptor complex; calculating the net x-ray ?uores 
cence signal due to the second heavy element present in the 
second analog-receptor complex by subtracting the baseline 
x-ray ?uorescence signal of the second portion of the second 
receptor from the measured x-ray ?uorescence signal of the 
second analog-receptor complex; estimating the selectivity of 
the chemical to binding to the receptors by dividing the net 
x-ray ?uorescence of the ?rst chemical-receptor complex by 
the amount of receptor in the ?rst portion of the ?rst receptor 
to obtain a ?rst quotient, dividing the net x-ray ?uorescence of 
the second chemical-receptor complex by the amount of 
receptor in the ?rst portion of the second receptor to obtain a 
second quotient; estimating the selectivity of the analog to 
binding to the receptors by dividing the net x-ray ?uorescence 
of the ?rst analog-receptor complex by the amount of receptor 
in the second portion of the ?rst receptor to obtain a third 
quotient, dividing the net x-ray ?uorescence of the second 
analog-receptor complex by the amount of receptor in the 
second portion of the second receptor to obtain a fourth quo 
tient; and comparing ?rst quotient to the second quotient to 
the third quotient to the fourth quotient. 
[0035] The invention also includes a method for manufac 
turing a drug. The method includes establishing a baseline 
X-ray ?uorescence signal for a heavy element in a portion of 
a ?rst receptor and in a portion of at least one more receptor 
that may be the same or different from the ?rst receptor, the 
heavy element being present in a chemical to be tested for 
binding to the receptors; exposing the receptors to the chemi 
cal and alloWing the chemical to bind to them to form a ?rst 
chemical-receptor complex and at least one more chemical 
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receptor complex; measuring the x-ray ?uorescence signals 
due to the heavy element in the ?rst chemical-receptor com 
plex and in the at least one more chemical-receptor complex; 
subtracting the baseline x-ray ?uorescence signal of the ?rst 
receptor from the measured x-ray ?uorescence signal of the 
of the ?rst chemical-receptor complex to obtain a ?rst net 
x-ray ?uorescence signal; subtracting the baseline x-ray ?uo 
rescence signal of the at least one more receptor from the 
measured x-ray ?uorescence signal of the of the at least one 
more chemical-receptor complex to obtain at least one more 
net x-ray ?uorescence signal; estimating the selectivity of the 
chemical by dividing the ?rst net x-ray ?uorescence signal by 
the amount of receptor in the portion of the ?rst receptor to 
obtain a ?rst quotient, dividing the at least one more net x-ray 
?uorescence signal by the amount of receptor in the portion of 
the at least one more receptor to obtain at least one more 
quotient, and then comparing the ?rst quotient to the at least 
one more quotient; and manufacturing the chemical in su?i 
cient quantity for use as a drug if the ?rst quotient and the at 
least one more quotient are different by at least one percent. 

[0036] The invention also includes a method for manufac 
turing a drug. The method includes establishing a baseline 
X-ray ?uorescence signal for a ?rst heavy element in a ?rst 
portion of a ?rst receptor and in a ?rst portion of a second 
receptor, the ?rst heavy element being present in a chemical 
to be tested for binding to the receptors; establishing a base 
line X-ray ?uorescence signal for a second heavy element in 
a second portion of the ?rst receptor and in a second portion 
of a second receptor, the second heavy element being present 
in an analog of the chemical to be tested for binding to the 
receptors; exposing the ?rst portions of the receptors to the 
chemical and alloWing the chemical to bind to them to form a 
?rst chemical-receptor complex and a second chemical-re 
ceptor complex; measuring the x-ray ?uorescence signal due 
to the ?rst heavy element present in the ?rst chemical-recep 
tor complex and in the second chemical-receptor complex; 
exposing the second portions of the receptors to the analog 
and alloWing the analog to bind to them to form a ?rst analog 
receptor complex and a second analog-receptor complex; 
measuring the x-ray ?uorescence signal due to the second 
heavy element present in the ?rst analog-receptor complex 
and in the second analog-receptor complex; calculating the 
net x-ray ?uorescence signal due to the ?rst heavy element in 
the ?rst chemical-receptor complex by subtracting the base 
line x-ray ?uorescence signal of the ?rst portion of the ?rst 
receptor from the measured x-ray ?uorescence signal of the 
of the ?rst chemical-receptor complex; calculating the net 
x-ray ?uorescence signal due to the ?rst heavy element 
present in the second chemical-receptor complex by subtract 
ing the baseline x-ray ?uorescence signal of the ?rst portion 
of the second receptor from the measured x-ray ?uorescence 
signal of the second chemical-receptor complex; calculating 
the net x-ray ?uorescence signal due to the second heavy 
element in the ?rst analog-receptor complex by subtracting 
the baseline x-ray ?uorescence signal of the second portion of 
the ?rst receptor from the measured x-ray ?uorescence signal 
of the of the ?rst analog-receptor complex; calculating the net 
x-ray ?uorescence signal due to the second heavy element 
present in the second analog-receptor complex by subtracting 
the baseline x-ray ?uorescence signal of the second portion of 
the second receptor from the measured x-ray ?uorescence 
signal of the second analog-receptor complex; estimating the 
selectivity of the chemical to binding to the receptors by 
dividing the net x-ray ?uorescence of the ?rst chemical 
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receptor complex by the amount of receptor in the ?rst portion 
of the ?rst receptor to obtain a ?rst quotient, dividing the net 
x-ray ?uorescence of the second chemical-receptor complex 
by the amount of receptor in the ?rst portion of the second 
receptor to obtain a second quotient; estimating the selectivity 
of the analog to binding to the receptors by dividing the net 
x-ray ?uorescence of the ?rst analog-receptor complex by the 
amount of receptor in the second portion of the ?rst receptor 
to obtain a third quotient, dividing the net x-ray ?uorescence 
of the second analog-receptor complex by the amount of 
receptor in the second portion of the second receptor to obtain 
a fourth quotient; and comparing ?rst, second, third, and 
fourth quotients to determine if the chemical or analog is the 
more selective and manufacturing the more selective one in 
suf?cient quantity for use as a drug. 

[0037] The invention also includes a method for comparing 
the ability of at least one chemical in a ?rst solution to bind to 
a portion of at least one receptor versus the ability of that 
chemical in a second solution to bind to a separate portion of 
the same at least one receptor. The method includes establish 
ing a baseline X-ray ?uorescence signal for a heavy element 
in a ?rst portion of a receptor and for the heavy element in a 
separate portion of the receptor, the heavy element being 
present in a chemical that is being tested for binding to the 
receptor; exposing the ?rst portion of the receptor to a ?rst 
solution that includes the chemical, and alloWing the chemi 
cal to bind to the receptor to form a ?rst chemical-receptor 
complex; exposing the separate portion of the receptor to a 
second solution also includes the chemical, and allowing the 
chemical to bind to the receptor to form a second chemical 
receptor complex; measuring the x-ray ?uorescence signals 
due to the heavy element in the ?rst chemical-receptor com 
plex and in the second chemical-receptor complex; calculat 
ing the net x-ray ?uorescence signal due to the heavy element 
in the ?rst chemical-receptor complex by subtracting the 
baseline x-ray ?uorescence signal of the ?rst portion of recep 
tor from the measured x-ray ?uorescence signal of the ?rst 
chemical-receptor complex; calculating the net x-ray ?uores 
cence signal due to the heavy element in the second chemical 
receptor complex by subtracting the baseline x-ray ?uores 
cence signal of the separate portion of receptor from the 
measured x-ray ?uorescence signal of the second chemical 
receptor complex; and estimating the binding selectivity of 
the chemical in the ?rst solution versus the second solution by 
dividing the net x-ray ?uorescence signal of the ?rst chemi 
cal-receptor complex by the amount of receptor in the ?rst 
portion of the receptor to obtain a ?rst quotient, dividing the 
net x-ray ?uorescence of the second chemical-receptor com 
plex by the amount of receptor in the separate portion of the 
receptor to obtain a second quotient, and then comparing the 
?rst quotient to the second quotient. 
[0038] The invention also includes a method for estimating 
the relative effectiveness of at least tWo drugs, each drug 
having at least one heavy element. The method includes pro 
viding a sample from a medical patient, the sample compris 
ing at least a ?rst portion and a second portion of a ?rst 
receptor and a ?rst portion and a second portion of a second 
receptor; establishing a baseline X-ray ?uorescence signal for 
a ?rst heavy element in the ?rst portion of the ?rst receptor 
and in the ?rst portion of the second receptor, the ?rst heavy 
element being present in a ?rst drug to be tested for binding to 
the ?rst and second receptors; establishing a baseline X-ray 
?uorescence signal for a second heavy element in the second 
portion of the ?rst receptor and in the second portion of the 
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second receptor, the second heavy element being present in a 
second drug to be tested for binding to ?rst and second recep 
tors; exposing the ?rst portion of the ?rst receptor and the ?rst 
portion of the second receptor to the ?rst drug and allowing 
the drug to bind to the ?rst receptor to form a ?rst drug 
receptor complex, and to bind to the second receptor to form 
a second drug-receptor complex; measuring the x-ray ?uo 
rescence signal due to the ?rst heavy element present in the 
?rst drug-receptor complex and in the second drug-receptor 
complex; exposing the second portion of the ?rst receptor and 
the second portion of the second receptor to the second drug 
and alloWing the second drug to bind to the ?rst receptor to 
form a third drug-receptor complex, and to bind to the second 
receptor to form a fourth drug-receptor complex; measuring 
the x-ray ?uorescence signal due to the second heavy element 
present in the third drug-receptor complex and in the fourth 
drug-receptor complex; calculating a ?rst net x-ray ?uores 
cence signal due to the ?rst heavy element present in the ?rst 
drug-receptor complex by subtracting the baseline x-ray ?uo 
rescence signal of the ?rst portion of the ?rst receptor from 
the measured x-ray ?uorescence signal of the of the ?rst 
drug-receptor complex; calculating a second net x-ray ?uo 
rescence signal due to the ?rst heavy element present in the 
second drug-receptor complex by subtracting the baseline 
x-ray ?uorescence signal of the ?rst portion of the second 
receptor from the measured x-ray ?uorescence signal of the 
second drug-receptor complex; calculating a third net x-ray 
?uorescence signal due to the second heavy element in the 
third drug-receptor complex by subtracting the baseline x-ray 
?uorescence signal of the second portion of the ?rst receptor 
from the measured x-ray ?uorescence signal of the of the third 
drug-receptor complex; calculating a fourth net x-ray ?uo 
rescence signal due to the second heavy element present in the 
fourth drug-receptor complex by subtracting the baseline 
x-ray ?uorescence signal of the second portion of the second 
receptor from the measured x-ray ?uorescence signal of the 
fourth drug-receptor complex; calculating binding quotients 
for the ?rst drug by dividing the ?rst net x-ray ?uorescence 
signal by the amount of receptor in the ?rst portion of the ?rst 
receptor to obtain a ?rst quotient, dividing the second net 
x-ray ?uorescence signal by the amount of receptor in the ?rst 
portion of the second receptor to obtain a second quotient; 
calculating binding quotients for the second drug by dividing 
the third net x-ray ?uorescence signal by the amount of recep 
tor in the second portion of the ?rst receptor to obtain a third 
quotient, dividing the fourth net x-ray ?uorescence signal by 
the amount of receptor in the second portion of the second 
receptor to obtain a fourth quotient; and comparing the ?rst, 
second, third, and fourth quotients to estimate the relative 
effectiveness of the ?rst drug versus the second drug. 

[0039] The invention also includes a method for estimating 
binding a?inity. The method involves depositing a portion of 
a receptor on a substrate; establishing a baseline X-ray ?uo 
rescence signal for a heavy element in the portion of the 
receptor, the heavy element being present in a chemical being 
testing for binding to the receptor; exposing the receptor to a 
solution comprising the chemical at a ?rst temperature, and 
alloWing the chemical to bind to the receptor to form a chemi 
cal-receptor complex; measuring the x-ray ?uorescence sig 
nal due to the heavy element in the chemical-receptor com 
plex using excitation photons having an energy of at least 300 
electron-volts to electronically excite the heavy element, and 
detecting emission photons using an x-ray detector having a 
dead time, the emission photons being generated from an 
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excited state of the heavy element, the excited state of the 
heavy element having a ?uorescence lifetime that is less than 
the dead time of the x-ray detector; calculating the net x-ray 
?uorescence signal due to the heavy element in the chemical 
receptor complex by subtracting the baseline x-ray ?uores 
cence signal of the portion of receptor from the measured 
x-ray ?uorescence signal of the chemical-receptor complex; 
and estimating the binding a?inity of the chemical for the 
receptor by dividing the net x-ray ?uorescence signal of the 
chemical-receptor complex by the amount of the receptor in 
the portion of the receptor. 
[0040] The invention also includes a method for detecting 
protein modi?cation. The method includes establishing a 
baseline X-ray ?uorescence signal for a heavy element in a 
portion of a protein; exposing the portion of protein to con 
ditions that may alter the amount of the heavy element present 
in the portion of the protein and then measuring the x-ray 
?uorescence signal due to the heavy element; and subtracting 
the baseline x-ray ?uorescence signal from the measured 
x-ray ?uorescence signal. 

DETAILED DESCRIPTION 

OvervieW 
[0041] The present invention consists of improvements to 
the invention described in published US Patent Application 
20040235059 “Drug Development and Manufacturing” to 
Benjamin P. Warner, T. Mark McCleskey, and Anthony K. 
Burrell, ?led Jun. 29, 2004. These improvements consist of 
the folloWing additional steps to be used in the process that 
improve the signal or signal to noise ratios obtained from the 
measurement, and speci?c requirements for preparation of 
samples that provide improved signals or signal to noise 
ratios. All of these methods may be used With multiple 
samples to provide comparisons betWeen samples, or With 
single samples to obtain information about the sample. 

Substrates 

[0042] A key improvement to US Patent Application 
20040235059 is the use of sample substrates Which minimiZe 
noise. Characteristics to be optimiZed include the thickness of 
the substrate; the chemical and elemental composition of the 
substrate; and the variability in the chemical composition of 
the surface of the substrate. 
[0043] Substrates are preferably thin enough to minimize 
the scattering of incident x-rays. Thick substrates cause scat 
tering in the X-ray portion of the electromagnetic spectrum. 
Preferably, the substrates are less than 500 microns thick, and 
more preferably the substrates are less than about 50 microns 
thick. Mo st preferably, the substrates are betWeen tWenty (20) 
nanometers thick and tWenty-?ve (25) microns thick. 
Examples of materials Which may be conveniently used 
include 0.02 micron thick, 99.99% pure gold foil, available 
from LeboW Company, 5960 Mandarin Ave., Goleta, Calif. 
93117 USA; 0.07 micron thick, 99.95% pure aluminum 
foil, available from LeboW Company, 5960 Mandarin Ave., 
Goleta, Calif. 93117 USA; 0.1 micron through 20 micron 
thick PARYLENE N®, available from LeboW Company, 
5960 Mandarin Ave., Goleta, Calif. 93117 USA; and 0.5 
micron thick to 25 .0 micron thick, 99.99% pure titanium foil, 
available from LeboW Company, 5960 Mandarin Ave., 
Goleta, Calif. 93117 USA; and 4 micron thick to 8 micron 
thick polypropylene, available from LeboW Company, 5960 
Mandarin Ave., Goleta, Calif. 93117 USA. Other substrates 
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that are conveniently used are AP1,AP3, ProLINE Series 10, 
ProLINE Series 20, DuraBeryllium substrates from Moxtek, 
452 West 1260 North, Orem, Utah 84057. Other substrates 
that are conveniently used are Ultralene®, Mylar, polycar 
bonate, Prolene, and Kapton, available from SPEX CertiPrep 
Ltd, 2 Dalston Gardens, Stanmore, Middx HA7 lBQ, 
ENGLAND. Other substrates that may be conveniently used 
are Hostaphan®, polyester, and Etnom® available from 
Chemplex Industries, Inc., 2820 SW 42ndAvenue, Palm City, 
Fla. 34990-5573 USA. The substrate is preferably a polymer, 
and more preferably is a polymer that contains carbon. Radia 
tion produced by radioactive materials Will produce noise in 
the measurement. The substrate is preferably substantially 
free of the elements technetium, thorium, and uranium. Most 
of the chemicals to be studied using the present invention Will 
contain one or more of the following elements: oxygen, ?uo 
rine, phosphorus, sulfur, and chlorine. Therefore, to minimiZe 
unWanted signal from these elements in the focusing chip, the 
focusing chip should consist of less than 50% by mass of at 
least one of these elements (?uorine, oxygen, phosphorus, 
sulfur, and chlorine). The substrate preferably comprises less 
than about 50% of at least one of the elements selected from 
the group comprising oxygen, ?uorine, phosphorus, sulfur, 
and chlorine. Based on their structural and spectroscopic 
properties, elements that are useful in the WindoW include 
beryllium, carbon, silicon, aluminum, iron, cobalt, and gold. 
The substrate therefore preferably contains at least 10% of at 
least one of the folloWing elements: beryllium, carbon, sili 
con, aluminum, iron, cobalt, and gold. The substrate prefer 
ably comprises greater than about 10% of at least one of the 
elements selected from the group comprising beryllium, car 
bon, silicon, aluminum, iron, cobalt, and gold. 
[0044] Substrates may absorb scattered x-rays that may 
contribute to noise in the measurement. Substrates that absorb 
scattered x-rays preferably have an x-ray emission peak 
betWeen about 2.984 KeV (e.g. silver) and about 6.947 KeV 
(e.g. erbium) to avoid overlap With signals of interest. X-ray 
emission peaks that are at higher energies than about 6.947 
KeV are generally non-productive for exciting the sample if it 
contains sulfur, phosphorus, or chlorine; although in cases 
Where the sample contains elements such as selenium, x-rays 
of higher energy may be useful. X-ray emission peaks from 
the substrate that have energies betWeen about 1.978 KeV 
(e. g. iridium) and about 2.984 KeV (e.g. silver) are generally 
counter-productive if the sample contains sulfur, chlorine, or 
phosphorus; this is the typical case for biological or pharma 
ceutically-important samples. If the sample to be measured 
contains phosphorus, then the substrate should not contain 
Zirconium, phosphorus, platinum, gold, niobium, mercury, or 
thallium. If the sample to be measured contains sulfur, then 
the substrate should not contain thallium, molybdenum, sul 
fur, lead, bismuth, technetium, or ruthenium. If the sample to 
be measured contains chlorine, then the substrate should not 
contain technetium, ruthenium, chlorine, rhodium, or palla 
dium. X-ray emission peaks from substrates that are less than 
1.978 KeV are believed to be unproductive for exciting bio 
logical samples. The substrate should be substantially free of 
the elements that are not intended to be measured in the 
sample if energy dispersive x-ray ?uorescence (EDXRF) is to 
be used for analysis. Wavelength dispersive x-ray ?uores 
cence (WDXRF) have been shoWn to differentiate different 
chemical forms of elements, such as the sulfur compounds 
sulfate and sul?te; if WDXRF is used, then the substrate 
should be substantially free of the same chemical form of the 
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element to be measured in the sample. In this paragraph, 
substantially free is de?ned as a substrate Which produces less 
than 10% of the signal produced by the sample, Which When 
measured using the same x-ray ?uorescence conditions. 

Substrates: Focusing Chips 

[0045] The invention also consists of preparing a protein 
sample on a focusing chip. Focusing chips typically consist of 
a substrate having a pattern of hydrophobic and hydrophilic 
regions. Preferably, each hydrophilic region is circumscribed 
by a hydrophobic region. When a sample of an aqueous 
solution is placed on a hydrophilic region of the chip, the 
surrounding hydrophobic region repels the solvent and 
causes the sample to dry preferentially over the hydrophilic 
region. The drying may be accomplished through any means, 
including simple ambient air drying or heating. In this Way, 
larger droplet may be dried into a prede?ned region using a 
focusing chip instead of a non-focusing slide. Focusing chips 
have been developed for depositing proteins for Matrix 
Assisted Laser Desorption IoniZation Mass Spectrometry 
(MALDI-MS). Some of these focusing chips Were described 
at the 54th ASMS Conference on Mass Spectrometry, May 
28-Jun. 1, 2006, Washington State Convention & Trade Cen 
ter, Seattle, Wash., described on the internet at: http://WWW. 
asms.org/Desktopmodules/inmergeabstractsearch/program 
printvieW.aspx?sess:WP13, and quoted beloW in the bulleted 
list: 

[0046] “Applications of a SAM-IMAC Biochip for the 
Puri?cation and Concentration of Bioengineered or 
Phosphorylated Proteins With Detection by MALDI 
MS” by Christopher M. Belisle; Irene Y. Chen; Julie K. 
Mirshad; Udo Roth; Kerstin Steinert; and John A. 
Walker, II; Who stated that: “Immobilized metal a?inity 
chromatography (IMAC) is a poWerful technique Which 
is routinely used in the puri?cation of biomolecules 
containing a hexa-histidine tag, as Well as phosphory 
lated peptides/proteins. This Wide range of a?inities is 
afforded by the chelation of speci?c metal ions by an 
immobiliZed poly-valent ligand (i.e. IDA-Ni(II) for 
hexa-His tags and IDA-Fe(III) for phosphorylated spe 
cies). The utility of IMAC surfaces formed from SAMs 
has been demonstrated With SPR. In this Work, chelated 
metals alloWs for high a?inity capture and optimal ori 
entation of tagged proteins for subsequent protein/pro 
tein interaction studies. We have developed a SAM 
based biochip that takes full advantage of these 
properties and alloWs for volume containment, sample 
concentration and direct interface to and detection by 
MALDI-MS. Three distinct SAM regions Were pat 
terned on a gold-coated biochip in a 96 Well format. 
Each site Was comprised of a circular capture Zone con 

taining either NTA-Ni(II) or NTA-Fe(III) chemistry. 
Each site is surrounded by a non-Wettable, protein-re 
sistant SAM region and is capable of retaining sample 
volumes in excess of 25 [1.1. Centered in the capture Zone 
Was a 0.6 mm analysis Zone consisting of a protein 
resistant SAM. After chelating the metal, samples con 
taining either His tags or phosphorylated amino acid 
residues Were applied and puri?ed on-chip. Subsequent 
release, concentration and detection of the captured ana 
lytes Was facilitated by focusing and the addition of 
matrix.” 

[0047] “Effects of Nanoporous Silica Thin Film Param 
eters on LDI-MS Performance” by Srinivas Iyer; Raea 
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Hicks; Steven Madrid; and Andrew Dattelbaum; Who 
stated that “The use of MALDl-TOF MS in small mol 
ecule analysis has been limited due to matrix interfer 
ence. We have shown that ordered nanoporous silica thin 
?lms on silicon substrates alloW for the analysis of small 
organic molecules Without the addition of a matrix. Pat 
terned nanoporous ?lms are prepared by an evaporation 
self-assembly method, folloWed by selective UV expo 
sure, to prepare surfaces that may be spotted With many 
different analytes. The patterned ?lms have been shoWn 
to remain active for over a year under atmospheric con 
ditions. Here We report the effect of several variables, 
including ?lm thickness, ?lm porosity, instrumental set 
tings and spotting technique, to optimize the mass spec 
analysis of small peptides and other biomolecular 
samples on nanoporous silica thin ?lms. Mesoporous 
thin ?lms are made by WithdraWing an ozonated silicon 
crystal at a steady rate from a solution of TEOS, Water, 
ethanol, HCl, and templating surfactant, then UV-pat 
teming the ?lm to remove the template and expose ana 
lyte-absorbing pores. Film thickness and pore size can 
be controlled by WithdraWal speed and choice of surfac 
tant, respectively. These ?lms are mounted directly onto 
a standard MALDI plate. Fims of varying thickness and 
pore size Were examined. Spotting conditions Were also 
examined using a solution of FlTC labeled angiotensin. 
Before MS, the spots Were examined by ?uorescent 
microscopy to determine spot spreading and coverage. 
MS analysis Was conducted on a Voyager DE-STR in 
positive ion, re?ector mode. Our data indicates that these 
?lms require no special storage conditions to remain 
stable for over a year. Preliminary studies shoW that 
mesoporous silica thin ?lms yield acceptable results in 
terms of intensity and resolution for small molecules 
such as peptides and C60 and its derivatives. Reliable 
data Was obtained for acid hydrolysates of bacterial sid 
erophores. Optimizing spotting methods improved sig 
nal intensity by tWo orders of magnitude While retaining 
resolution. Fluorescence microscopy data shoWs that 
spotting small amounts of analyte, folloWed by remov 
ing excess solution after a minute gives a uniform spread 
of sample, this is further substantiated by MS data. With 
peptides and small molecules, We observe that thinner 
?lms perform better. Small changes in pore size do not 
appear to affect desorption-ionization signi?cantly. 
HoWever, When compared With MALDI, higher laser 
?uences are needed With these thin ?lms. Future Work 
Will be directed toWards improving sensitivity of this 
approach.” 

[0048] “Functionalized monolithic surfaces for single 
droplet sample handling” by Mohammed Kajj out; Xiay 
ang Wang; Christian Rolando; Severine Le Gac; Who 
stated that “We describe here functionalized monolithic 
surfaces for single droplet handling. In many cases mass 
spectrometry analysts must face to single droplet han 
dling either as the initial sample input of the analysis or 
for sample preparation before nano-ESI or MALDI. The 
conventional strategy consists of dissolving the droplet 
in more solvent so as to perform sample preparation on 
devices Working With continuous liquid ?oW. At the ?nal 
stage liquid must be concentrated to go back to a the 
droplet state. Therefore the development of surface 
chemistry for the puri?cation of single liquid droplets 
has a strong interest in order to minimize sample han 
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dling, contamination and loss. At the routine sensitivity 
level of mass spectrometry, monolayer surface chemis 
try does not provide enough interaction sites for real 
World analysis. Subsequently We decided to use mono 
lithic polymer chemistry that We had previously devel 
oped for capillary columns dedicated to proteomics 
applications and that affords l micron-thick ?lm. Meth 
acrylate-based monoliths Were anchored on a gold sur 
face using a linker bearing at its tWo extremities a dis 
ul?de moiety and a methacrylate group respectively, and 
polymerisation Was done according to an original living 
method. Non reactive and hydrophobic butylmethacry 
late (BMA) or reactive glycidylmethacrylate (GMA) 
may be used and mixed together in any proportions. 
Either silicon Wafer coated With gold or loW-cost printed 
board circuit coated With copper or gold may be used as 
the starting surface. Using printed board enables rapid 
prototyping of patterned surfaces. Most of the experi 
ments described Were done either on plain gold surface 
or 400 um gold spots. We ?rst tested the desalting e?i 
ciency using a laurylmethacrylate phase. One microliter 
droplets of a salted (20%) solution containing various 
peptides (l picomolar) Were placed on the surface, and 
interactions Were forced by several aspiration/ejection 
cycles. Spots Were Washed With Water, extracted With 
acetonitrile/Water and analyzed off line either by EST or 
MALDI. In both cases, no adducts Were detected on the 
mass spectra. The second test involved a functionalized 
glycidylmethacrylate on Which Was ?rst linked trypsin. 
After Washing of the surface, one microliter of Cyto 
chrom C (l picomolar) Was deposited and let on the 
surface for a quarter of an hour. More Water Was added 
and the sample desalted. Resulting mass spectra shoWed 
a clean digestion, affording a high score identi?cation on 
proteomics search engine! . Analysis on crude biological 
samples like human plasma Will be also presented. The 
different parameters, monolith porosity and thickness, 
nature of monomers, droplet handling, are currently 
under investigation. We are also testing other monolithic 
phases We also developed for nano-LC capillary column 
for phosphopeptide (IMAC) and glycopeptide (phenyl 
boronic acid) isolation.” 

[0049] “The Use of Reactive Surfaces for On-Chip 
Immobilization of Biomolecules and Subsequent Puri 
?cation/Concentration of Analytes for MALDl-MS,” by 
Julie K Mirshad; Christopher M Belisle; lreneY Chen; 
Udo Roth; Kerstin Steiner‘t; and John A Walker 11 Who 
stated that Currently in proteomics there is an increasing 
demand for high a?inity puri?cation of small amounts of 
analytes from complex samples. This requires methods 
that minimize sample handling and analyte loss While 
being amenable to high-throughput processing. Typi 
cally, highly selective puri?cations have been achieved 
by immobilized biomolecules such as mAb, steptavidin/ 
biotin or nucleic acids. The most frequently used chem 
istry reported in literature for such immobilizations are 
active esters (i.e. N-HydroxysuccinimideiNHS). We 
have developed a novel biochip platform used in 
MALDl-MS that consists of multiple sites With differing 
zones of Wettability Which enable immobilization of 
these biomolecules With subsequent concentration of 
the captured analytes. Three distinct SAM regions Were 
patterned on a gold-coated biochip in a 96 Well format. 
Each site Was comprised of a circular capture zone con 
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taining the active NHS chemistry. These sites are 
capable of retaining sample volumes in excess of 25 pl 
and are surrounded by a non-Wettable, protein-resistant 
background SAM region. Centered in the capture Zone 
Was a 0.6 mm analysis Zone consisting of a highly Wet 

table, protein-resistant SAM that facilitates MALDI per 
formance. After protein immobilization, samples con 
taining complementary antigens in complex mixtures 
Were applied and puri?ed on-chip. Subsequent release, 
concentration and detection of the captured analytes 
Were facilitated by focusing and the addition of matrix. 
In initial experiments, analytes Were used in spike/re 
covery experiments With various protein digests to test 
for speci?city and the limits of detection (LOD) for the 
biochip. In subsequent experiments, mAb Were immo 
biliZed and proteins Were puri?ed on-chip and then 
digested in situ With trypsin. Sample clean-up Was per 
formed by either transferring to a reverse-phase 3 Zone 
biochip or by SPE. Results comparing the advantages of 
this technique are discussed.” 

[0050] “Enhanced MALDI ioniZation ef?ciency at the 
metal-matrix interface: practical and mechanistic con 
sequences of sample thickness and preparation method,” 
by Gregor McCombie; and Richard Knochenmuss, Who 
stated that “Electrosprayed spots of varying thickness 
Were evaluated for use as homogenous, high e?iciency 
MALDI samples. The layer at the metal/ matrix interface 
Was found to give exceptionally strong signals. Ion 
yields and intensity ratios can be understood in the con 
text of the previously described quantitative MALDI 
model including the matrix-metal interfacial ioniZation 
potential reduction effect (Knochenmuss, R. Anal. 
Chem. 2004, 76, 3179-3184). The absolute and relative 
stabilities of ion signals Were found to be at least a factor 
of 2 better for the thin electrosprayed spots, compared to 
spots prepared by dried droplet methods. The sample 
preparation method Was used for the analysis of yeast 
lipid composition. In order to detect differences in lipid 
content a stable sample preparation is necessary. Experi 
ments Were performed on a commercial MALDI TOF 
instrument (VoyageriDE STR, Applied Biosystems 
Framingham, Mass.). The mass range Was from m/ Z 100 
to 1500. The electrospary sample deposition Was done 
on a home built electrospray device using a CTC Pal 
autosampler for the sample injection. The spray voltage 
Was 5 kV and the distance of the needle to the sample 
plate 6 mm. Lipid extracts from yeast Were done using 
the Bligh and Dyer method. Electrospary deposition of 
matrix (DHB) and analyte (Substance P or reserpine) on 
a MALDI target plate of varying spray times alloWed us 
to control the thickness of the sample. Spray times 
betWeen 2 and 30 seconds Were used to demonstrate that 
the MALDI ion yield is 10 to 100 times higher at the 
metal/matrix interface. The results Were consistent With, 
and could be explained by a previously described 
MALDI ioniZation model (Knochenmuss, R. Anal. 
Chem. 2004, 76, 3179-3184). The formation of more 
primary matrix ions Was demonstrated by quantifying 
the suppression of the matrix signals (MSE score; 
McCombie, G.; Knochenmuss, R. Anal. Chem. 2004, 
76, 4990-4997) and comparing a thin versus a thick 
sample. While the MSI score for the thick sample Was 
0.94(0.06)*Wh10h is almost complete matrix suppres 
sionithe same conditions only gave a MSE score of 
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0.57(0.08) for a thin sample. The homogeneity of the 
sample preparation method Was demonstrated for phos 
pholipids samples and crude lipid extracts. It Was pos 
sible to separate groups of mouse serum based on their 
lipid spectra.” 

[0051] “MALDI on Silicon” by Jae-Kuk Kim; and Ker 
mit K. Murray Who stated that Porous silicon substrates 
have been used in the past for small molecule analyses 
With the matrix-free soft ioniZation method knoWn as 
desorption/ionization on silicon (DIOS). Non-porous 
silicon targets have been used With infrared lasers for 
ioniZation that is similar DIOS in that a matrix is not 
required and ioniZation occurs Without interference 
from loW mass background ions. In this study, We dem 
onstrate the bene?ts of using untreated silicon targets for 
matrix-assisted laser desorption ioniZation (MALDI). 
Samples and matrix are deposited along With matrix on 
a silicon Wafer and Were irradiated With a UV laser. The 

resulting ions are mass separated in atime-of-?ight mass 
spectrometer. Ribo?avin (MW: 376.4 Da, Formula: 
Cl7H2ON4O6), bovine serum albumin (BSA, MW: 
66,430.3 Da), lyophiliZed Escherichia coli strain W 
(ATCC 9637), and phosphorylase b from rabbit muscle 
(MW: 97 kDa) Were ioniZed by MALDI on both non 
porous silicon substrate and stainless steel substrate. The 
dried droplet method Was used to sample preparation for 
both substrates. The Bruker Omni?ex mass spectrom 
eter can be operated in linear and re?ectron mode and 
uses a 337 nm nitrogen laser (Pulse Width: 3 ns, Pulse 
energy: 200 u] max.) at a repetition rate of 2 HZ for 
ioniZation. An accelerating voltage of 19 kV Was 
employed With delayed ion extraction. The typical het 
erogeneous MALDI sample deposit requires searching 
for “sWeet spot” to obtain the optimum mass spectrum 
With a stainless steel substrate. One of the greatest 
advantages of the untreated silicon substrate is that it 
leads to a homogeneous sample spot so that a search for 
a sWeet spot is not necessary. Comparison of small mol 
ecule LDI analysis of ribo?avin shoWed signi?cant dif 
ference betWeen silicon and stainless steel substrates. 
The stainless steel target gave small analyte peaks only 
at high laser energy that also produced extensive back 
ground due to ablation of material on the metal target. In 
contrast, the untreated silicon substrate shoWed intense 
analyte peaks Without background noise even at full 
laser energy. It Was dif?cult to obtain signal from the 
stainless steel target, but highly reproducible mass spec 
tra could be obtained for non-porous silicon substrate. 
BSA, Escherichia coli and phosphorylase b MALDI 
mass spectra could also be obtained easily on the silicon 
substrate With high spot-to-spot reproducibility. The 
silicon target required someWhat higher threshold 
energy compared to the metal target, but shoWed some 
What better signal-to-noise ratio and resolution than 
stainless steel substrate for small molecule as Well as 
high molecule analyses. A surface characteristic of non 
porous silicon substrate is hydrophobic Which makes a 
smaller and more concentrated sample spot after solvent 
evaporation. It is possible that this produces homoge 
neous analyte and matrix crystals and ef?cient ion for 
mation. An alternate explanation is that the loWer num 
ber of electrons produced by irradiation of the silicon 
results in less charge recombination and therefore 
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greater signal. Different target materials and surface 
imaging techniques are being used to explore ion forma 
tion from silicon targets.” 

[0052] “Matrix-free Laser Desorption IoniZation Mass 
Spectrometry using Porous Alumina Thin Film Struc 
tures,” by Ranu Nayak; and Daniel R Knapp Who stated 
that “Matrix-assisted laser desorption ioniZation 
(MALDI) mass spectrometry (MS) has been established 
as one of the key methods for proteomic analysis. 
MALDI is complicated by the need to have good co 
crystalliZation of sample and matrix. Matrix-free meth 
ods of laser desorption ioniZation (LDI) offer the poten 
tial to eliminate this complication. MS from porous 
alumina surfaces has been reported (R1-Anal. Chem., 
77, 5364-69, 2005), hoWever, feW details Were provided 
and the report did not describe a systematic study of the 
experimental parameters. We report here the LDI MS 
analysis of some peptides using anodiZed aluminum 
(Al) surface on glass substrates and an investigation of 
the experimental factors controlling the MS signal inten 
sity. Al thin ?lms Were groWn on cleaned Pyrex glass 
substrates using a thermal evaporation technique. The as 
groWn ?lms Were subjected to anodiZation using a dc 
regulated poWer supply at 50V, 60V, and 90V in a 10 vol. 
% phosphoric acid solution (at room temperature). The 
resulting porous oxide layer Was con?rmed by scanning 
electron microscopy. The anodiZed samples Were coated 
With gold ?lm by magnetron sputtering. Subsequently, 
different peptides (mass range-500 to 10,000 Da; con 
centration-0.1 to 1.0 mg/ml) Were spotted on the con 
ductive anodiZed aluminum surface and air dried. Spots 
Were analyZed by a Voyager-DE-STR-MALDI-TOF 
mass spectrometer. For comparison, the same peptides 
Were subjected to conventional MALDI analysis using 
a-cyano-4-hydroxycinnamic acid as a matrix. A porous 
structure is necessary for ioniZation of analytes in 
matrix-free LDI-MS (R1). In the present Work We have 
groWn some hexagonal porous alumina structures using 
thin ?lms of Al on glass substrates. The as groWn Al ?lm 
thickness Were 0.3, 0.5 and 0.7 um. UtiliZing Al ?lm 
made the anodiZation process trivial by not being con 
cerned on the tedious process of mechanical and elec 
trochemical polishing Which is an essential pretreatment 
step for anodiZing directly on bulkAl substrates. In other 
(non-MS) Work on nanostructured alumina ?lms, multi 
step anodiZation processes are often used on Al sub 
strates to obtain more uniform porous structures. HoW 
ever, We have shoWn some promising results using a 
single step anodiZation process on the smooth surfaces 
ofAl ?lm With no pretreatment step. Thickness variation 
and anodiZation at different voltages have been exam 
ined to see the effect of pore depth and diameter on MS 
signal intensity. Samples anodiZed at 50V gave no pep 
tide signals. Films anodiZed at 60V and 90V gave peak 
intensities comparable to those With conventional 
MALDI, hoWever, higher laser intensity Was required. 
Both 60V and 90V anodiZed samples shoWed similar 
results indicating less effect of pore diameter Within a 
range of 75 to 120 nm. Thickness (depth of pores) com 
parison suggested that a 0.3 um ?lm is not suitable for 
MS analysis, as the laser ?ux tends to burn out the 
surface With each shot and subsequently decreasing the 
signal intensity. Degradation of signal intensity With 
time Was also studied. A 15 days old alumina ?lm didnot 
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shoW any change in signal intensity and further investi 
gations are ongoing With older samples. These results 
suggest that porous alumina on glass can be a potential 
matrix-less approach for LDI-MS proteomic analysis.” 

[0053] “An statistical analysis of factors related to ion 
suppression in MALDI-TOF mass spectrometry” by 
Dongmei Yang; Michael S. WisZ; Kevin Ramkissoon; 
Morgan C. Giddings Who stated that “Protein identi? 
cation relies heavily on the measurement of peptides by 
a mass spectrometer, yet ion suppression impedes pep 
tide measurement by causing a differential in their spec 
tral intensities that can result in some peptide peaks 
being undetectable. The differing chemical properties of 
peptides are thought responsible for this phenomenon. 
We examined the correlations betWeen observed peptide 
intensities and their amino acid sequence content for 
MALDI-TOF spectra in order to provide a predictive 
measure for the likelihood that a given peptide might be 
observed, given its sequence. These statistics may be 
used as an additional measure that can be factored into 

the search engines to increase the accuracy of protein 
identi?cation, particularly for peptide mass ?ngerprint 
(PMF) data. We obtained TOF spectra on an ABI 4700 
mass spectrometer, corresponding to trypsin-digested 
spots taken from coumassie stained gels of E. coli cyto 
solic extract. Proteins Were identi?ed by PMF analysis 
using Mascot and GFS searching tools, resulting in 350 
matched proteins With signi?cance p<0.05. We also gen 
erated 30,000 control spectra by picking random sets of 
peaks (mass, intensity) from the entire set of real spectra, 
selecting 350 Whose match scores Were at a signi?cance 
level of p<0.05. We compared peptides and their match 
ing sequences from the real spectra to randomly 
matched peptides from control spectra to analyZe prop 
erties of peptides that correlate With peak intensity, 
including composition and N or C-terminal residues. 
Since there is a bias in the spectra Where smaller peptides 
have higher average intensities, We divided the peptide 
masses into four distinct mass ranges for independent 
analysis. In each mass range, We divided peaks into three 
intensity categories (high, medium and loW) based on 
thresholds picked to create an equal distribution of inten 
sities in each category for each mass range. Comparing 
the amino acid distribution in real peptides versus ran 
domly-matched peptides revealed a strong negative cor 
relation betWeen peak intensity and the presence of both 
cysteine (C) and tryptophan (W). On the other hand, 
valine (V) and methionine (M) tend to be favored in high 
intensity peaks. Though We expected to see the acidic 
residues aspartic acid (D) and glutamic acid (E) corre 
sponding With high peak intensity due to their negative 
charge, no such trend Was observed. At the N-terminal 
position, some of the same trends held as for composi 
tion, though With signi?cant differences. Methionine 
shoWed an opposite, negative correlation With peak 
intensity When at the N-terminus. Proline (P), tryp 
tophan (W), and cysteine (C) Were also disfavored, 
Whereas valine (V), threonine (T), histidine (H), pheny 
lalanine (F), isoleucine (I), and alanine (A) all favored 
peaks of high intensity When at the N-terminus. Of the 
tWo residues found at the C terminus of tryptic peptides, 
arginine (R) Was correlated With high intensity peaks 
Whereas lysine (K) Was found more commonly in loW 
intensity peaks. Our data indicate that composition of 
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peptides plays a signi?cant role in peak intensity and 
hence the likelihood of peptide observation in MALDI 
TOF MS. These data can be used as an additional feature 

to improve protein identi?cation methods.” 
[0054] “Advances in MALDI of small molecules using 

surfactants as matrix co-additives”, by David C. Grant; 
and Robert J. Helleur, Who stated that “Matrix-assisted 
laser desorption/ionization time-of-?ight mass spec 
trometry has been innovative in the analysis of macro 
molecules. However, it is still developing as a technique 
for small molecule analysis. The main reason for this is 
the abundance of matrix-related ions in the loW mass 
range of the spectra. The surfactant cetyltrimethylam 
monium bromide (CTAB) has previously been used by 
another group as a matrix suppressor. When added to the 
matrix ot-cyano-4-hydroxycinnamic acid (CHCA) at an 
appropriate molar ratio it has been shoWn to selectively 
suppress matrix ions. Our research expands on this 
effect by examining a Wider variety of surfactants for the 
analysis of peptides, cyclodextrins, and small phenolic 
compounds such as ?avonoids and ?avones. Experi 
ments Were performed on a Voyager DE-PRO MALDI 
TOF. Analytes Were dissolved in 4:1 MeOHzH2O (v/v) 
and pre-mixed With CHCA matrix. Each analyte Was 
tested separately With seven surfactants: hexyltrimethy 
lammonium bromide, dodecyltrimethylammonium bro 
mdide, cetyltrimethylammonium bromide (CTAB), tet 
rabutylammonium bromide, decamethonium bromide, 
Triton X-100 and sodium dodecyl sulfate (SDS). Each 
surfactant Was mixed With the analyte-matrix solution at 
varying mole ratios to examine the effect of surfactant 
concentration of analyte signal. The parameters moni 
tored including analyte resolution, signal-to-noise, peak 
area and intensity. Mixtures of analytes Were then tested 
With each surfactant. Finally, analysis of phenolic com 
pounds in Wine, green tea, and blueberry extracts Were 
undertaken to illustrate real sample applications. Mass 
spectra of standard peptides, phenolic acids and other 
loW mass molecules (m/Z<500) demonstrate improved 
mass resolution by 15-45% using appropriate surfac 
tants. Surfactant-mediated MALDI-TOF-MS has also 
been evaluated for small molecule quantitative analysis 
using a second analyte as an internal standard. In one 
experiment, p-coumaric acid (m/Z 147.30) Was analyZed 
using quercetin (m/ Z 303 .45) as an internal standard and 
the resulting calibration curve displayed good linearity 
(R2:0.9872). Surfactants tested shoWed promising 
results as matrix-ion suppressors, as spectra Were mostly 
free of all matrix ions, and displayed loW background 
noise at the appropriate molar ratio. It Was found that a 
matrixzanalytezsurfactant ratio of approximately 1000: 
20:1 gave the best spectra in most cases. In some cases, 
ion suppression Was observed by using even loWer 
amounts of surfactant (10000:20:1). Surfactant-medi 
ated MALDI shoWed promise in analysis of analyte 
mixtures as Well as real samples containing phenolic 
compounds. Several Were identi?ed and some quantita 
tively measured by MALDI. Their identity Was con 
?rmed by LC-MS. These results indicate that surfactant 
mediated MALDI may be a good technique for analysis 
of small molecules.” 

[0055] “SublayerAssisted MALDI (SA-MALDI): Prac 
tical Applications and Fundamental Studies,” by Zaneer 
M. Segu; and Gary R. Kinsel, Who stated that “MALDI 
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analyses of complex proteomic mixtures suggest that 
desorption/ionization of high mass proteins is much less 
ef?cient than for loWer mass peptides. The equilibrium 
model of the MALDI process suggests that analyte ion 
iZation proceeds via thermodynamically driven gas 
phase ion-molecule reactions Within the plume of laser 
desorbed material and, hence, that the primary limitation 
to obtaining MALDI ion signals from high MW proteins 
is likely related to inef?cient desorption of these com 
pounds. If true, alternate approaches that lead to 
improved desorption of these species Within the MALDI 
plume should yield enhanced high molecular Weight 
protein MALDI ion signals. We have explored this 
hypothesis through the use of various desorbable sub 
layers onto Which conventional protein MALDI samples 
are deposited. Sublayers for SA-MALDI Were chosen 
from a group of hydrophobic polyaromatic hydrocar 
bons. The sublayers Were chosen a) to be insoluble in the 
matrix and analyte solvents, b) to absorb at 337 nm, c) to 
have no easily donatable protons and d) to have a range 
of IEs above and beloW those of typical MALDI matri 
ces. MALDI MS and SA-MALDI MS analyses Were 
performed using various peptides and proteins ranging 
in MW from 1,200 to 150,000 Da. Conventional dried 
droplet sample preparation Was employed, either 
directly on the stainless steel MALDI target or on the 
sublayer coated MALDI target. Similar experiments 
Were performed using peptide/protein mixtures and, 
?nally, using a crude protein extract from cyanobacteria. 
The preliminary studies performed clearly demonstrate 
that a signi?cant enhancement in the peptide/protein 
MALDI ion signal is achieved for SA-MALDI as com 
pared With the conventional dried droplet sample prepa 
ration. For every peptide/protein tested betWeen the 
MW’s 1,200 to 150,000 Da a signal enhancement of 1-2 
orders of magnitude Was achieved When using selected 
sublayer compounds. The most signi?cant enhance 
ments Were observed for the higher MW proteins. Fur 
thermore, consistent With predictions of the equilibrium 
model of MALDI, the preliminary experiments also 
shoWed a strong dependence of the sublayer enhance 
ment on the IE of the sublayer being greater than that of 
the MALDI matrix. This effect is consistent With the 
possibility of the sublayer acting as a “charge sink” and 
inhibiting protonation of the analyte ie if the IE of the 
sublayer is loWer than that of the MALDI matrix then an 
electron transfer betWeen the photoioniZed matrix mol 
ecules and the sublayer Will occur leading to loss of the 
matrix ions necessary for analyte protonation. Finally, 
preliminary experiments suggest that SA-MALDI Will 
be particularly useful for complex mixture analysis. 
Enhancements of both loW MW and high MW signals of 
up to an order of magnitude are ob served for both control 
mixtures of peptides/proteins and for the complex pro 
tein mixture derived from the cyanobacteria source.” 

“Sensitive and reproducible detection of peptides 
by Maldi-TOF MS using self-assembled monolayer 
(SAM)-based chipsispeci?cations and applications,” 
by Udo Roth; Holger Rohl; Matthias Gluckmann; 
Thorsten Jaskolla; Michael Karas; Kerstin Steinert; and 
Karsten Reihs, Who stated that “Sensitivity, mass accu 
racy, and reproducibility are prerequisites for ef?cient 
MALDI-MS analyses used in current quantitative pro 
teomic Work-?ows. Our approach consists of a novel 
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technology for peptide sample preparation using plates 
With pre-deposited matrix spots of extra-?ne sub -micron 
siZe CHCA crystals prepared by vacuum sublimation on 
an ultraphobic surface. Such a design enables the reli 
able application of nanoliter volumes of analyte solu 
tions and facilitates highly reproducible signal detection 
in the loW attomole range. To provide a platform for 
high-resolution LC-MALDl-TOF, a high-density array 
chip accommodating up to 1600 spots is supplied. We 
present the results of our investigation on the effect of 
the properties of the CHCA matrix crystals on the initial 
velocity of the peptide ions and their fragmentation in 
MS/MS experiments. Sensitivity, mass accuracy, and 
reproducibility Were assessed using different volumes 
and concentrations of a peptide mixture spotted onto a 
Mass'Spec'Turbo Chip With 192 spots. Special attention 
Was paid to the ?atness of the target and its proper 
electrical ground connection. For LC-MALDI analysis, 
tryptic digests Were separated using a reversed phase 
(C18) HPLC-column. Samples Were spotted (Probot, 
LC Packings) on a high-density Mass'Spec'Turbo Chip 
(1600 spots). Prior to MS analysis, the air-dried spots 
Were treated With 15 mM ammonium dihydro gen phos 
phate to e?iciently reduce the formation of matrix clus 
ter ions. The initial velocity Was determined by the 
delayed extraction method in a linear tWo-stage accel 
eration TOF system. Experiments Were carried out using 
MALDl-TOF instruments from Bruker (Re?ex Ill) and 
Applied Biosystems (DE-Pro, 4700, 4800). In the sen 
sitivity trial, detection of peptide amounts, Which Were 
applied from a standard dilution series, Was achieved 
doWn to the attomole/ spot range. A mass accuracy of an 
average mass deviation of less than 10 ppm for each spot 
Was routinely obtained by external mass calibration 
using the four corner spots of the array. MS/MS experi 
ments analyZing attomole amounts of peptides delivered 
fragment spectra that provided suf?cient information for 
the unambiguous identi?cation of peptides. Reproduc 
ibility of sample preparation yielded RSD values of 
typically less than 10-20% depending on the peptide. 
The bene?ts of sensitivity, mass accuracy, and reproduc 
ibility provide an optimal combination for high through 
put LC-MALDI experiments. We shoW that peptide 
identi?cation can be signi?cantly increased compared to 
standard procedures using stainless steel substrates. Due 
to the sublimation deposition technique used for matrix 
spot preparation, We obtain very small CHCA crystals of 
a typical crystal siZe of less than 1 micron. We found that 
these spots yield signi?cantly higher initial velocities of 
the emitted peptide ions in the range of 650 m/s com 
pared to about 300 m/ s for standard dried droplet prepa 
rations. Higher initial velocities may signi?cantly in?u 
ence fragmentation processes by more effective 
expansional cooling during ion formation. Results con 
cerning the relationship betWeen the initial velocity and 
the peptide fragmentation process Will be presented and 
discussed.” 

“Predicting matrix conditions for drug analysis in 
tissue by MALDI MS/MS” by Sara L. Frappier; Sheerin 
K. Shahidi; and Richard M. Caprioli Who stated that “It 
has been previously found that various drug classes have 
preferential matrix/ solvent conditions When analyZing 
dosed tissue by MALDI MS/ MS. Since there are no 
established trends known for matrix/ solvent preference 

12 
Sep. 11,2008 

for such analyses, time consuming optimiZation proce 
dures are needed before a study can commence. The goal 
of this study Was to determine the trends of matrix/ 
solvent preference for drugs Within a class. A model has 
been developed that provides a method for analyZing a 
large number of drugs Within a class and across classes. 
Using the identi?ed trends, sample preparation of dosed 
tissue Will have a guideline of matrix/ solvent preference 
for analysis by MALDI MS/MS, saving time and 
resources. Liver tissue Was excised from control (non 
dosed) and OlanZapine (OLZ; 8 mg/kg), Spiperone 
(SPN; 5 mg/kg) or Propranolol (PPL; 10 mg/kg) dosed 
Fischer 344 mice. Using a cryostat, tissue Was sectioned 
(20 um) and thaW-mounted onto gold-coated MALDI 
target plates. For the prediction model, 1 ul of 1.5 ug/ml 
of a drug standard Was spotted on to a MALDI plate, 
alloWed to dry, and then covered With control liver tis 
sue. Sinapinic Acid (SA), 2,5-dihydroxybenZoic acid 
(DHB) and a-cyano-4-hydroxycinnamic acid (CHCA) 
matrices Were prepared at 25 mg/ml into various binary 
combinations of acetonitrile, methanol, isopropanol and 
Water. Matrix combinations Were spotted onto control 
and dosed tissue sections for MS/MS analysis by an 
oMALDl-Qq-TOF-MS. Purportedly, matrix/solvent 
preferences rely on extraction of drug from tissue and 
the drug’s ability to co-crystalliZe With matrix. Our 
model mimics extraction of drug from dosed tissue. In 
order for drug signal to be detected, the solvent must 
extract the drug through the tissue so that it may co 
crystalliZe With the matrix. Dosed tissue sections Were 
spotted With each matrix/ solvent combination to deter 
mine the optimal conditions for analysis. For each drug 
analyZed, transitions from parent to major fragment ions 
Were monitored to avoid matrix signal interference. 
Results from the OLZ (m/Z 313—>256) dosed tissue 
shoWed that signal Was seen With both CHCA and DHB 
matrices; hoWever, optimal sensitivity by an order of 
magnitude Was achieved using CHCA in 50% acetoni 
trile. The model predicted the same optimal matrix/sol 
vent as for OLZ dosed tissue, but demonstrated a tWo 
fold increase in sensitivity not seen in the dosed tissue. 
Similar drugs Within the benZoaZepine class, such as 
carbamaZepine (m/Z 237—>194) and cloZapine (m/Z 
328—>272), preferred CHCA. Drugs in the [3-andrener 
gic blocker class, such as PPL (m/Z 260%116) and 
metaprolol (m/Z 268—>116), exhibited preference for 
CHCA based on the model; hoWever, no clear difference 
in sensitivity Was observed for various solvent condi 
tions. This Was also seen in the PPL dosed tissue. Dosed 
SPN tissue (m/Z 396—>165), indicated an a?inity for 
DHB independent of solvent. This preference Was also 
predicted by the model. Preliminary data indicates that 
matrix/ solvent trends do exist Within a drug class. The 
advantage of the model alloWs us to effectively mimic 
the behavior of dosed tissue, While avoiding the need to 
dose and sacri?ce animals for each determination of 
optimal matrix/ solvent combination. The model is being 
extended to butyrophenone (SPN) and [3-andrenergic 
blocker (PPL) classes in addition to other drug classes, 
as Well as, other tissues such as kidney and brain.” 

[0058] Focusing chips for MALDl-MS have different 
requirements than focusing chips for X-ray ?uorescence. 
Focusing chips for X-ray ?uorescence should preferably not 
interfere With XRF measurement. For example, the chips 
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should have a limited amount of chemical elements that may 
interfere With the sample being measured. Preferably the 
focusing chip for use With X-ray ?uorescence should have an 
amount of a chemical element that produces less than 25% of 
the signal of the sample being measured, When measured for 
at least one of the elements that are present in both the focus 
ing chip and the sample. More preferably, the focusing chip 
for X-ray ?uorescence is free of elements that may interfere 
With the sample being measured. Typical elements to be mea 
sured include sulfur, ?uorine, phosphorus, chlorine, bromine, 
iron, Zinc, magnesium, calcium, titanium, scandium, and 
platinum. The metal substrate that the focusing chip is sup 
ported on should not contain elements that have x-ray emis 
sion spectral peaks in the region of interest, and preferably do 
not have x-ray emission spectral peaks betWeen 2 KeV and 3 
KeV. 

[0059] Focusing chips for X-ray ?uorescence should pref 
erably be thin. Thick chips or slides cause scattering in the 
X-ray portion of the electromagnetic spectrum. Preferably, 
the chips are less than 500 microns thick, and more preferably 
the chips are less than about 50 microns thick. Focusing chips 
as described in the MALDI-MS literature, for example from 
the list of presentations at the 54th ASMS Conference on 
Mass Spectrometry, May 28-Jun. 1, 2006, Washington State 
Convention & Trade Center, Seattle, Wash., should be re 
manufactured on thin supports to facilitate their use With 
X-ray ?uorescence. 
[0060] The siZe of each hydrophilic region is important. 
Preferably, each hydrophilic region has an area betWeen 75 
square picometers (equivalent to a spot With a diameter of 
about 10 microns) and 3.6 square microns (equivalent to a 
spot With a diameter of about 4 millimeters). 
[0061] One convenient method for preparing focusing 
chips uses polymer assisted deposition (PAD), described in: 
Published Patent Application 20050043184, “Polymer-as 
sisted deposition of ?lms,” published Feb. 24, 2005, to Tho 
mas M. McCleskey et al.; Published Patent Application 
20050008777, “Polymer-assisted deposition of ?lms,” pub 
lished Jan. 13, 2005, to Thomas M. McCleskey et al.; “Poly 
mer-assisted deposition of metal-oxide ?lms.” Jia, Q. X.; 
McCleskey, T. M.; Burrell, A. K.; Lin,Y.; Collis, G. E.; Wang, 
H.; Li, A. D. Q.; Foltyn, S. R. Nature Materials 2004, 3(8), 
529-532.; “Epitaxial groWth of Eu203 thin ?lms on LaAlO3 
substrates by polymer-assisted deposition” Lin, Y.; Wang, H.; 
HaWley, H. E.; Foltyn, S. R.; Jia, Q. X.; Collis, G. E.; Burrell, 
A. K.; McCleskey, T. M. Appl. Phys. Lett., 2004, 85(16), 
3426-3428; “Structural and dielectric properties of epitaxial 
Ba1-xSrxTiO3 ?lms groWn on LaAlO3 substrates by poly 
mer-assisted deposition” Lin, Y.; Lee, J-H.; Wang, H.; Li, Y.; 
Foltyn, S. R.; Jia, Q. X.; Collis, G. E.; Burrell,A. K.; McCles 
key, T. M.; Appl. Phys. Lett., 2004, 85(21), 5007-5009; 
“Green luminescent Zinc oxide ?lms prepared by polymer 
assisted deposition With rapid thermal process” Lin, Y.; Xie, 
J.; Wang, H.; Li,Y.; Lee, S.Y.; Foltyn, S. R.; Crooker, S.A.; 
Jia, Q. X.; Burrell, A. K.; McCleskey, T. M. Thin Solid Films, 
2005, 492(1-2), 101-104.; “Conformal coating of nanoscale 
features of microporous AnodiscTM membranes With Zirco 
nium and titanium oxides.” Shukla, P.; Minogue, E. M.; 
McCleskey, T. M.; Jia, Q. X.; Lin, Y.; Lu, P.; Burrell, A. K.; 
Chemical Communications, 2006, (8), 847-849.; “Polymer 
assisted deposition (PAD) of thin metal ?lms: a neW tech 
nique to the preparation of metal oxides and reduced metal 
?lms.” Shukla, P.; Lin, Y.; Minogue, E. M.; Burrell, A. K.; 
McCleskey, T. M.; Jia, Q.; Lu, Pi. Materials Research Society 
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Symposium Proceedings 2006, 893, 183-188; all incorpo 
rated herein by reference. The PAD process may be used to 
deposit patterns of different materials, including metallic 
phase metals, metal oxides, and metal nitrides. Using PAD, 
different regions of hydrophilic materials and hydrophobic 
regions on a substrate, typically a silicon or aluminum sub 
strate. 

[0062] Another convenient method for preparing focusing 
chips uses the formation of hydrophilic and hydrophilic 
regions on a substrate using supported mesoporous silica. 
This method is described in A. M. Dattelbaum and S. Iyer, 
“Surface-assisted laser desorption ioniZation mass spectrom 
etry,” Expt. Rev. Proteomics. 2006, 3(1): 153-61; and in US. 
Pat. No. 6,958,480, “Sample desorption/ionization from 
mesoporous silica”, published Octover 25, 2005 to Srinivas 
Iyer and AndreW Dattelbaum; and Nancy H. Finkel et al, 
“Ordered Silicon Nanocavity Arrays in Surface-Assisted 
Desorption/Ionization Mass Spectrometry” Analytical 
Chemistry, 77 (4), 1088-1095, 2005 incorporated herein by 
reference. 
[0063] In each of the cases described above, the MALDI 
focusing chips is preferably modi?ed such that it is formed on 
a thin substrate, preferably less than 500 microns thick and 
more preferably less than 50 microns thick. 
[0064] The XRF focusing chip is used by depositing a 
sample, Which typically consists of an aqueous sample of a 
protein or nucleic acid, Which has been optionally modi?ed 
by addition of an inhibitor, co-factor, metal, protein, sugar, or 
other chemical. The sample is alloWed to dry, and then the 
focusing chip With the deposited sample is irradiated With 
X-rays and any ?uorescence of X-rays are measured. 
[0065] The sample on the X-ray focusing chip may be 
conveniently measured using an X-ray ?uorescence instru 
ment With a monocapillary focusing optic, polycapillary 
focusing optic, a collimator, a microfocus X-ray tube, a syn 
chrotron X-ray source, a linear accelerator X-ray source, a 
rhodium X-ray tube, a molybdenum X-ray tube, a chromium 
X-ray tube, a silver X-ray tube, a palladium X-ray tube, a 
monochromatic X-ray source, a polychromatic X-ray source, 
a polariZed X-ray source, a confocal X-ray ?uorescence spec 
trometer, a PIN diode detector, a semiconductor X-ray detec 
tor, a germanium or doped germanium X-ray detector, a sili 
con or doped silicon X-ray detector, a Wavelength dispersive 
X-ray ?uorescence spectrometer, an energy dispersive X-ray 
?uorescence spectrometer, total re?ectance X-ray ?uores 
cence spectrometer, and the like. 
[0066] If total re?ectance x-ray ?uorescence (TXRF) is 
employed With the present invention, the preferred substrates 
are quartz, lucite, mylar, silica, silicon With a smooth surface 
for sample deposition. 

Beam SiZe 

[0067] In X-ray ?uorescence microscopy, We have found 
that the most e?icient (strongest signal With loWest noise) 
X-ray beam siZe, ceteris paribus, is one that is essentially 
matched to the sample siZe. This situation has not arisen 
previously because the samples used in the past have been 
larger than the beam siZe, so many systems use a small beam 
siZe and rastering or scanning across the sample. Also, many 
samples are not homogenous, so having a beam siZe matched 
to the sample siZe has not previously made much sense. 
[0068] For the biomedical samples We have analyZed, the 
samples are generally circular and tend to have diameters 
betWeen 40 um and 2 mm (i.e., areas of about betWeen 1 
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square nanometer and 3 square microns). These samples are 
also homogenous or otherwise have no need to be sampled in 
subregions. In such cases, we have found that matching the 
beam siZe to the spot siZe provides the strongest signal to 
noise ratio. Thus, a preferred X-ray ?uorescence source for 
measuring a sample comprises an X-ray source, where the 
transmitted X-ray beam has a cross-sectional area essentially 
the same surface area as the sample. Thus the beam preferably 
has a cross-sectional area of between about 1 square nanom 
eter and 3 square microns. “Matching” would preferentially 
be as close as match as practical, but an imperfect match 
where the beam has a cross-sectional area of between 25% 
and 250% of the surface area of the sample is also acceptable. 
[0069] This area matching may be accomplished in rare 
cases by having an X-ray source whose transmitted beam 
cross-sectional area matches the sample area without any 
modi?cation of the beam. More typically, the beam siZe will 
have to be modi?ed to match the sample siZe. Modi?cation is 
typically carried out by means of focusing optics or by a 
collimator. Thus, the source further comprises a focusing 
means or collimator disposed between the source and the 
sample. 

Sample Composition 

[0070] Many samples, such as proteins, require a buffer to 
maintain the pH within a particular range (i.e. a pH buffer), or 
to maintain the redox state of a chemical (i.e. a redox buffer). 
Many buffers contain elements which might interfere with the 
measurement of the chemical. The buffer should preferably 
be free of at least one chemical element having an atomic 
number of greater than four, where that chemical element is 
present in the chemical. The buffer should also preferably be 
free of at least one chemical element having an atomic num 
ber of greater than four, where that chemical element is 
present in the receptor. The buffer should more preferably be 
free of at least one chemical element having an atomic num 
ber of greater than eight, where that chemical element is 
present in the chemical. The buffer should also more prefer 
ably be free of at least one chemical element having an atomic 
number of greater than eight, where that chemical element is 
present in the receptor. The buffer should be free of surfac 
tants or detergents that contain sulfur or phosphorus. The 
buffer should preferably be free of at least one of the follow 
ing chemicals or functional groups: dimethylsulfoxide, thi 
ols, sulfate anion, sulfonate anions, chloride anion, bromide 
anion, ?uoride anion, iodide anion, perchlorate anion, phos 
phate anion, and phosphonate anions. The buffer preferably 
does contain one or more of the following chemical or func 

tional groups: amine, imine, nitrate anion, nitrite anion, 
ammonium cation, and iminium cation; these chemicals offer 
the correct buffering properties with minimal x-ray ?uores 
cence interference. Most preferably, the buffer consists of an 
ammonium nitrate salt such as tris(ethanol)amine nitrate, also 
known as tris nitrate. 

[0071] The proteins to be used with the present invention 
are preferably puri?ed to remove chemicals which are not 
chemically bound or which are loosely bound to the protein. 
Loosely bound is de?ned in this paragraph as meaning having 
a binding a?inity that is weaker than about one (1) millimolar. 
This desalting step may be conducted conveniently using gel 
?ltration chromatography or siZe exclusion chromatography, 
such as using a Sephadex G25 or Sephadex G50 column. 
Desalting may also be accomplished using dialysis, including 
Vibratory Shear Enhanced Process dialysis described in 
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http://www.vsep.com/pdf/PolymerDia?ltration.pdf. This 
process is amenable to multiplexing using a well plate format, 
such as a 96-well, 384-well, or 1536-well plate format. Sepa 
rations systems such as Zeba 96-well plates available from 
Pierce Biotechnology Inc., PO Box 117, Rockford, 111., 
61105, are particularly convenient. As can be seen in the 
following table, Zeba well-plates function across a wide 
range of concentrations of Bovine Serum Albumin, where the 
units for the numbers in the table are percent mass recovered, 
unless otherwise noted: 

5 1O 25 50 
micromolar micromolar micromolar micromolar 

1O 39 +/— 21% 48 +/— 2% 63 +/— 5% 62 +/— 3% 
microliters 

20 79 +/— 11% 70 +/— 2% 78 +/— 2% 83 +/— 2% 
microliters 

30 87 +/— 3% 79 +/— 4% 80 +/— 2% 90 +/— 4% 
microliters 

40 103 +/— 3% 95 +/— 1% 89 +/— 8% 98 +/— 5% 
microliters 

[0072] The single-plexed or multiplexed gel ?ltration chro 
matography process may be expedited using a centrifuge, 
such as a the IEC Multi and Multi RF Centrifuges with a 
Microplate RotorAvailable through Fisher Scienti?c, catalog 
#05-375-77, Liberty Lane, Hampton, NH. 03842, manufac 
tured by International Equipment Company; or a vacuum 
manifold, such as a Vacuum apparatus such as the Multi 
Screen Vacuum manifold with Direct Stack from Millipore, 
290 Concord Road, Billerica, Mass. 01821, attached to a 
standard vacuum pump (Catalog #WP61 115 60) also avail 
able from Millipore. Separation may be performed using 
ZipPlate® micro-SPE Plate and MALDIspot Accessories 
also available from Millipore, as well as similar protein 
desalting well plates and DNA destaining well plates. Sepa 
rations are preferably carried out in less than 30 seconds at 4 
degrees Celsius, as described in Annis D A et al, An a?inity 
selection-mass spectrometry method for the identi?cation of 
small molecule ligands from self-encoded combinatorial 
libraries: Discovery of a novel antagonist of E. coli dihydro 
folate reductase. International Journal of Mass Spectrometry. 
2004, 238:77-83 . An alternative method of separation is ultra 
?ltration, such as is described in the following examples: 

FIRST EXAMPLE 

[0073] We measured the interaction between biotin and 
avidin to demonstrate that RPM could quantify the sulfur 
containing small molecule (biotin, ClOHl6N2O3S) over the 
sulfur content of a protein (tetrameric avidin, Sigma-Aldrich, 
16 sulfur atoms, see Korpela J. Avidin, a high a?inity biotin 
binding protein, as a tool and subject of biological research. 
Medical Biol. 1984, 62:5-26). Previous studies have shown 
that the ratio of sulfur in avidin-biotin:avidin is 19.5:16, or 
1.22, see Green N M. Puri?cation of Avidin. Melh Enzymol. 
1970, XVIII(A):414-417. We incubated 500 micrograms of 
avidin in 1.0 ml of 0.20 millimolar biotin at pH 8.0 for 5 
minutes and then centrifuged the sample for 3 hours at 7000 
g using a CentriconYM-3 resulting in a concentrated avidin 
biotin sample of 25-50 [1.1. We diluted the sample to 0.75 ml in 
TRIS buffer (pH 8.0), centrifuged for 2 hours at 7000 g, and 
repeated this process twice. We treated an avidin control 
sample identically. We used RPM to measure the sulfur con 
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tent of the avidin-biotin complex and the avidin. We con 
?rmed that the amount of avidin in each sample Was identical 
using bicinchoninic acid protein assay kit (Pierce). As pre 
dicted, the avidin-biotin complex contained 1.2 times the 
sulfur than the avidin alone as measured by RPM. This set of 
experiments demonstrated that RPM can measure strong non 
covalent interactions and use ?uorescence ratios to determine 
binding even When the protein and analyte have only a shared 
RPM atom (in this case, sulfur). 

SECOND EXAMPLE 

[0074] Our preliminary data shoW that RPM measures non 
covalent protein-inhibitor complexes. We used di-Zinc ami 
nopeptidase (aAP) and its competitive inhibitor leucine phos 
phonic acid (LPA). LPA binds to aAP With a Ki of 6.6 uM at 
pH 8.0, see Stamper C et al. Inhibition of the aminopeptidase 
from Aeromonas proleolylica by L-leucinephosphonic acid. 
Spectroscopic and crystallographic characteriZation of the 
transition state of peptide hydrolysis. Biochemistry, 2001, 
40:7035-7046. We incubated 500 micrograms of aAP in 1.0 
mls of 0.20 millimolar LPA (>10><Ki) at pH 8.0 for 5 minutes. 
We centrifuged the aAP-LPA sample for 3 hours at 7000 g 
using a CentriconYM-3 resulting in a concentrated sample of 
25-50 ul. We diluted this sample to 0.75 ml in TRIS buffer (pH 
8.0), centrifuged for 2 hours at 7000 g, and repeated this 
process tWice. We subjected tWo negative control samples to 
the same ?ltering conditions described above: The ?rst con 
trol Was 1.0 ml of 0.20 millimolar LPA, and the second 
control Was 200 micrograms of avidin and 1.0 ml of 0.20 
millimolar LPA to test the possibility of electrostatic and 
hydrophobic interactions betWeen LPA and non-speci?c pro 
tein. We measured phosphorus Was measured in the aAP-LPA 
complex in a 1:2 ratio; no phosphorus Was observed in the 
control samples. This set of experiments demonstrated that 
RPM can measure Weak non-covalent interactions (6.6 
micromolar) and use ?uorescence ratios to determine binding 
When the protein and analyte have different RPM atoms (in 
this case, Zinc and phosphorus). 

Sample Deposition 

[0075] Samples may be conveniently deposited on sub 
strates in several Ways. One very convenient manner for 
sample deposition is deposition of a volume of solution con 
taining the sample using a pipette or syringe. Pipettes are 
especially preferred because they may be multiplexed, such 
as an Eppendorf® Research Multichannel Pipette catalog 
number 022452002, available from Eppendorf® North 
America Inc, One Cantiague Road, PO. Box 1019, Westbury, 
N.Y. 11590-0207. The amount of sample to be deposited is 
important. Large sample solution volumes tend to dry sloWly 
and unevenly. Small sample volumes contain only small 
amounts of sample. Preferably, the sample solution is depos 
ited in a volume of betWeen 1 nanoliter and 50 microliters, 
and more preferably the sample solution is deposited in vol 
umes of betWeen 10 nanoliters and 10 microliters. Most pref 
erably, the sample solution is deposited in volumes of 
betWeen about 25 nanoliters and about 8 microliters. The 
sample concentration is also important. The sample solution 
that is deposited preferably contains betWeen 100 picograms 
of protein and 1 gram of protein. More preferably, the sample 
solution that is deposited contains betWeen about 1 nanogram 
of protein and 1 milligram of protein. The reason for this 
sample mass requirement is to balance the cost of protein and 
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the measurement requirements of the technique. The mea 
surement technique can measure samples containing as little 
as about 100 femtograms of the chemical elements to be 
measured. More conveniently, measurements are obtained on 
samples containing betWeen ten nanograms and one micro 
gram of the element to be measured. Robotic pipettes or 
automated biological printers may be used, such as a BioDot 
BJQ3000 BioJet Quanti 3000 or BJP3000 BioJet Plus 3000, 
available from BioDot, Inc, 17781 Sky Park Circle, Irvine, 
Calif. 92614. Acoustic printers may be conveniently used, 
such as the Echo 555 Liquid Handler, the Echo 550 Liquid 
Handler, and the PortraitTM 630 MALDI Reagent Multi-Spot 
ter, available from Labcyte Inc., 1190 Borregas Avenue, 
Sunnyvale, Calif. 94089. 
[0076] Samples should be dried in a manner that promotes 
formation of an evenly distributed spot. Drying a sample of 
protein into an evenly distributed spot is extremely challeng 
ing. Proteins affect the surface tension of Water, especially at 
high protein concentrations and small solvent volumes, i.e. 
the exact conditions for drying. This problem is Well knoWn in 
the art, and has prompted the development of highly expen 
sive solutions such as the Labcyte acoustic equipment men 
tioned above, and described in “The Echo 550tm Delivering 
Results in Screening,” by Jennifer ZeWinski, available at 
http://WWW.labcyte.com/aboutus/publications/ZeWinski 
(BMS)EchoPresentation.pdf; and in “Acoustic Non-Contact 
Dispensing-The Right Choice for UHTS,” By Timothy P. 
Spicer, available at http://WWW.labcyte.com/neWs/events/ 
Spicer%20Presentation%20for%20SBS%202004%20 
revised%208i19i041 .ppt; and by “Pharmacological Evalu 
ation of Different Compound Dilution and Transfer Para 
digms on an EnZyme Assay in LoW Volume 384-Well For 
mat,” by Tim Spicer, Yvonne Fitzgerald, Neil Burford, Sandra 
Matson, Moneesh Chatterj ee, Mark Gilchrist, Jim Myslik and 
Jonathan O’Connell, available at http://WWW.labcyte.com/ 
aboutus/publications/BMSposterDDT2005-2.ppt. While no 
ideal solution has been found, preferable solutions include the 
folloWing. One preferable approach to protein deposition 
uses focusing chips (described above), Which promote even 
drying of protein solutions. Another convenient approach to 
protein deposition is to digest the protein using pepsin or 
trypsin or other proteases; this approach changes the surfac 
tant properties of the protein and promotes more even drying 
of samples. Other matrix modifying chemicals, such as acetic 
acid, tri?uoracetic acid, detergents, salts (especially salts that 
do not contain some or all of the chemical elements being 
measured in the chemical or the protein) or surfactants, pro 
mote the even drying of samples; these matrix modi?ers are 
thought to cause proteins to denature or to adopt a molten 
globular state by disrupting protein folding through the dis 
ruption of hydrogen bonds, salt bridges, disul?de bonds, and 
other covalent and non-covalent interactions that affect pro 
tein folding. This molten globular state must be achieved 
Without precipitation of the protein, Which leads to inhomog 
eniety in the sample. Proteins may also be denatured or ren 
dered into their molten globular state by heating the solutions 
of the sample, preferably above 90 degrees Celsius, but at 
least above about 40 degrees Celsius, depending on the pro 
tein and its thermal stability. High quality protein spots may 
be generated by heating under an infrared lamp, or a sun lamp, 
or a halogen lamp, or any lamp With a Wattage above about 55 
Watts. High quality protein spots may also be obtained When 
the sample is dried While being centrifuged, preferably also 
under reduced pressure. Centrifugation under at least a partial 
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vacuum is particularly convenient for samples that are mul 
tiplexed, because the Whole set of multiplexed samples may 
be dried under identical conditions. 

X-Ray Sources 

[0077] Many x-ray sources Will function With the present 
invention. Rhodium and molybdenum x-ray sources are com 
monly employed. Biological samples and pharmaceutical 
samples frequently contain the elements phosphorus, sulfur, 
and chlorine. It is preferable that the x-ray sources do not 
generate noise or excessive scattered x-rays in the region of 
the spectrum that is of most importance. Therefore, it is 
preferable to use a chromium, palladium or silver x-ray 
source. If the sample is knoWn or believed not to contain 
chlorine, or if the chlorine spectrum is not needed for the 
analysis, then a rhodium source may be used. Molybdenum 
x-ray sources are less e?icient than other x-ray tubes at excit 
ing phosphorus, sulfur, and chlorine, and are less preferred. 
Most preferably, the x-ray tube has a characteristic K-alpha or 
L-alpha line at or above about 2.838 KeV and less than about 
9.441 KeV. X-ray M lines are frequently broad and less e?i 
cient. The x-ray source preferably does not have an M line 
above 2.120 KeV. X-rays that impinge on the sample may be 
generated by x-ray tubes directly, or indirectly by the excita 
tion of a target by x-rays. 

Chemicals 

[0078] While this process may be used for many chemicals, 
it is preferable that the chemical to be measured comprises at 
least one of the folloWing chemical elements chemically 
bound to the majority of the chemical: ?uorine, phosphorus, 
sulfur, chlorine, bromine, iodine, platinum, copper, iron, Zinc, 
gallium, or gadolinium; in this context, chemically bound is 
de?ned as covalent bonds or metal-ligand bonds having a 
bond strength of at least 30 kCal/mole. 

[0079] Chemicals Which may be used With the present 
invention include the folloWing, along With any salts and free 
bases: Chlorpheniramine; MethimaZole; Nel?navir; Zonisa 
mide; Naltrexone; Carrnustine; lfosfamide; RiZatriptan; 
Ramipril; Milrinone; Tenoxicam; Apraclonidine; Neomycin; 
Gabapentin; AnastroZole; Alitretinoin; Oxytetracycline; Pra 
Zosin; Amifostine; Desipramine; Hydroxyurea; Naloxone; 
Kanamycin; Candoxatril; Tramadol; Chlorpropamide; 
OxaproZin; TrichlormethiaZide; Sulpiride; Cyproheptadine; 
Brimonidine; Tamsulosin; Misoprostol; Pentolinium; Done 
peZil; ltraconaZole; Penciclovir; Bicalutamide; Epinastine; 
Trimethaphan; R-mephobarbital; Clavulanate; Nitrofura 
Zone; Bethanechol; Losartan; Gemi?oxacin; ClonaZepam; 
Atorvastatin; Heparin; Methohexital; EfavirenZ; Duloxetine; 
CycliZine; Methoxamine; BenaZepril; Amsacrine; Flutica 
sone Propionate; Divalproex; Etodolac; Enoxaparin; Indi 
navir; Trihexyphenidyl; Tadala?l; Progabide; PantopraZole; 
Meperidine; Guanfacine; SulfamethoxaZole; LansopraZole; 
Por?mer; Triamterene; Cocaine; Ribavirin; Theophylline; 
Vitamin C; Dopamine; Minoxidil; Nicardipine; Phenace 
mide; DexraZoxane; Carvedilol; HydrochlorothiaZide; Phen 
termine; Rifabutin; Zolpidem; Tegaserod; Orphenadrine; 
Digoxin; PhenelZine; Aprepitant; Vinorelbine; Cerivastatin; 
Trimethoprim; Simvastatin; Argatroban; Norgestrel; Per 
hexyline; Pe?oxacin; lndomethacin; Levobupivacaine; Res 
cinnamine; Dicyclomine; Bexarotene; Chlorambucil; 
LoraZepam; Hesperetin; Melphalan; AcetaZolamide; 
Codeine; Pentoxifylline; Dobutamine; Tamoxifen; Dactino 
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mycin; Venlafaxine; ldarubicin; Chlorthalidone; TiZanidine; 
Flecamide; Uracil Mustard; Dichlorphenamide; Adenosine; 
Valsartan; Nandrolone Phenpropionate; Ouabain; Quinidine; 
Methacycline; OlanZapine; lsotretinoin; BalsalaZide; Amox 
apine; Vitamin D4 (Dihydrotachysterol); Exemestane; Rilu 
Zole; Tolterodine; Citalopram; Cidofovir; Delavirdine; 
Nilutamide; Rofecoxib; SulfasalaZine; Nitroglycerin; Thia 
mylal; CilostaZol; Pramipexole; Methoxsalen; Oxymor 
phone; Succinylcholine; Carbidopa; Mupirocin; Remikiren; 
Captopril; Levobunolol; Phenindione; Probenecid; Solifena 
cin succinate; Almotriptan; TolaZoline; Arsenic Trioxide; 
Atenolol; Tri?uoperaZine; Clonidine; Sertraline; Tub 
ocurarine; Propantheline; Sirolimus; Prilocalne; Clarithro 
mycin; lsoproterenol; Valdecoxib; Phenobarbitone; Doxoru 
bicin; Oxaliplatin; Risperidone; Proguanil; Oxyphenonium; 
SulfadiaZine; Nitrofurantoin; Lercanidipine; Propranolol; 
Carteolol; Cefadroxil; Prednisolone; Reboxetine; Caspofun 
gin; Nicotine; Gemcitabine; Pentostatin; Capecitabine;V“1ta 
min B6 (Pyridoxine); Le?unomide; Galantamine; Rifampin; 
Metoprolol; StreptoZocin; Metaproterenol; Crotamiton; lsof 
lurane; CyclobenZaprine; Gentamicin; Morphine; Abacavir; 
Torasemide; PimoZide; Sevo?urane; Naratriptan; Meman 
tine; Buspirone; Olmesartan Medoxomil; Cevimeline; pip 
eraZine; Emtricitabine; Amitriptyline; Phenprocoumon; 
Timolol; Suprofen; lbandronate; Netilmicin; Glyburide; 
En?urane; Levothyroxine; Paramethadione; Topiramate; 
Etoposide; Didanosine; Phenyloin; Mexiletine; Cefaclor; 
ClotrimaZole; Betaxolol; Calcitriol; Bupivacaine; Amoxicil 
lin; Mechlorethamine; Cephalexin; Ethacr'ynic acid; 
Acetaminophen; Clomipramine; Ranitidine; Orlistat; Valp 
roic Acid; Bisoprolol; TrimepraZine; Paclitaxel; Cladribine; 
Propafenone; PhenmetraZine; Ganciclovir; Aspirin; Zileu 
ton; Butalbital; Tolbutamide; Trimetrexate; Picrotoxin; Fro 
vatriptan; Ridogrel; Demeclocycline; Enprofylline; Lopera 
mide; Tacrolimus; Salmeterol; ClofaZimine; AlpraZolam; 
Moxi?oxacin; Vigabatrin; Mitomycin; Cefuroxime; Tridi 
hexethyl; Tropicamide; Amiodarone; Mometasone; Thiogua 
nine; Lomustine; Gem?broZil; Bumetanide; Torsemide; 
Famotidine; Propylthiouracil; lsradipine; Flucytosine; 
Me?oquine; Nadolol; Ropinirole; Pentamidine; Tiro?ban; 
SertaconaZole; Triprolidine; ClobaZam; ChlorZoxaZone; 
Levodopa; Olopatadine; Estradiol; Ritonavir; TriaZolam; 
Methscopolamine; Trimethadione; Remoxipride; Quina 
crine; Ethosuximide; Fen?uramine; Ampicillin; Rivastig 
mine; ThiethylperaZine; Desloratadine; Piperacillin; Vitamin 
B12; FluconaZole; Pravastatin; Aminophylline; DacarbaZine; 
CinnariZine; Vidarabine; Verapamil; Cromolyn; Carbam 
aZepine; PropiomaZine; Prednisone; Warfarin; Methylpred 
nisolone; Clomocycline; Tiagabine; Dapsone; Fluvastatin; 
Fentanyl; Fexofenadine; Palonosetron; Methotrexate; 
MecliZine; Zopiclone; PromaZine; Cisplatin; Dipyridamole; 
Epirubicin; Tretinoin; EsomepraZole; Paroxetine; Phenyle 
phrine; Diphenoxylate; Dofetilide; Acrosoxacin; Lovastatin; 
Mitoxantrone; Ibuprofen; Celecoxib; Felodipine; Zolmitrip 
tan; Za?rlukast; Zanamivir; Sumatriptan; Pyridostigmine; 
Glimepiride; Pilocarpine; Procyclidine; Loratadine; Dutast 
eride; MequitaZine; Oxycodone; Flupenthixol; Toremifene; 
Vindesine; Trospium; Pemirolast; Ceftriaxone; Conjugated 
Estrogens;AZithromycin; Doxepin; Oxyphencyclimine; Ral 
oxifene; KetoconaZole; NefaZodone; RosiglitaZone; Chloro 
procaine; Feno?brate; Physostigmine; Cyclophosphamide; 
PhenylbutaZone; Risedronate; Zaleplon; Streptomycin; lrbe 
sartan; Entacapone; Carisoprodol; Domperidone; Halofan 
trine; Candesartan; Nitrendipine; Triamcinolone; Penicillin 
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V; Cipro?oxacin; Fluvoxamine; Vitamin D2 (Ergocalcif 
erol); Oxybutynin; Calcidiol; PerphenaZine; Raltitrexed; 
EsZopiclone; Mifepristone; Testosterone; Montelukast; 
Allopurinol; GlipiZide; Sulfanilamide; Repaglinide; Stavu 
dine; Protriptyline; Budesonide; Omapatrilat; Clopidogrel; 
Tolcapone; OmepraZole; Zidovudine; Epinephrine; Sulfac 
etamide; Bleomycin; Cisapride; lsosorbide Dinitrate; 
Sibutramine; Phenylpropanolamine; Mecamylamine; Gli 
claZide; CefproZil; AcetophenaZine; Methysergide; Phytona 
dione; Tri?upromaZine; Carboplatin; Chloroquine; Nor 
?oxacin; CloZapine; Reserpine; DiltiaZem; DoXaZosin; 
BrinZolamide; Dihydroergotamine; Levo?oxacin; 
Lidocaine; Amphetamine; Ondansetron; ChlorpromaZine; 
Telithromycin; Methadone; VitaminA; GuanabenZ; Troglita 
Zone; AlfuZosin; Sulfapyridine; Ropivacaine; Ketamine; 
Mitotane; Vincristine; Phensuximide; Secobarbital; Trimi 
pramine; Cytarabine; Fondaparinux; O?oxacin; Carbima 
Zole; ldoxuridine; Felbamate; Vitamin D3 (Cholecalciferol); 
Disopyramide; Terbina?ne; Procainamide; Enalapril; Phen 
formin; Mephenyloin; Betamethasone; Metaxalone; Piren 
Zepine; Fluorouracil; SulfametopyraZine; Dolasetron; Amlo 
dipine; Daunorubicin; Proparacaine; Quinapril; Selegiline; 
Fosinopril; Diclofenac; lsosorbide Mononitrate; Meloxicam; 
Fluoxetine; Apomorphine; TraZodone; Moda?nil; Pro?a 
Vine; Vitamin B3 (Niacin); Ipratropium; Haloperidol; Ben 
Zocaine; Ziprasidone; Ritodrine; VoriconaZole; Chlorhexi 
dine; Rosuvastatin; Minocycline; Propoxyphene; Primidone; 
Amikacin; Baclofen; Vitamin B1 (Thiamine); Albuterol; 
Metaraminol; Sildena?l; Temozolomide; Nitazoxanide; 
Marimastat; Lisinopril; Alendronate; Zalcitabine; Quinine; 
Beclomethasone; Lymecycline; Clindamycin; Acyclovir; 
Cimetidine; Norgestimate; Lamotrigine; Marinol; Tetracy 
cline; Pemetrexed; Loxapine; Sotradecol; DorZolamide; 
Dexmedetomidine; Irinotecan; Alosetron; Tobramycin; 
Ce?xime; AstemiZole; Diphenhydramine; Estrone; Terbuta 
line; Nifedipine; Hydrocodone; Aminoglutethimide; Nateg 
linide; Fludarabine; Sul?soxaZole; ThioridaZine; Doxycy 
cline; Halothane; Pyrimethamine; Famciclovir; 
PromethaZine; Nortriptyline; Moclobemide; Primaquine; 
Amprenavir; Terfenadine; Hyoscyamine; Furosemide; Flu 
cloxacillin; MesoridaZine; Nimodipine; Encamide; Atomox 
etine; Phentolamine; Scopolamine; Nicergoline; Framycetin; 
EZetimibe; Sul?npyraZone; Bupropion; Bromocriptine; 
Saquinavir; ProchlorperaZine; Estramustine; Vitamin B2 (Ri 
bo?avin); Medroxyprogesterone; Papaverine; BenZonatate; 
CetiriZine; MetronidaZole; Finasteride; FluphenaZine; Pseu 
doephedrine; Nisoldipine; Lisuride; Cinalukast; Aripipra 
Zole; Clodronate; Testolactone; Formoterol; DiaZepam; Cef 
dinir; Tranylcypromine; Penicillin G; Mimosine; 
Dexfen?uramine; Teniposide; Procaine; Phenoxyben 
Zamine; Altretamine; PioglitaZone; Fulvestrant; Dex 
tromethorphan; Acarbose; Methylphenidate; TerconaZole; 
Thiopental; Acamprosate; Valrubicin; Pergolide; Busulfan; 
Metoclopramide; Bendro?umethiaZide; TeraZosin; Metipra 
nolol; Foscarnet; Buprenorphine; Sufentanil; lmipramine; 
Caffeine; Dexamethasone; Quetiapine; TemaZepam; Ergota 
mine; Pindolol; Norethindrone; MidaZolam; Lamivudine; 
ChlordiaZepoxide; Escitalopram; SulfamethiZole; MirtaZap 
ine; Cetrorelix; Topotecan; HydroXyZine; Tripelennamine; 
Tacrine; Ethinyl Estradiol; Floxuridine; Pipobroman; Novo 
biocin; ProcarbaZine; Decamethonium; Valacyclovir; Leuco 
Vorin; Vardena?l; Progesterone; lsocarboxaZid; Cerulenin; 
Sulfoxone; Nevirapine; NiZatidine; Eplerenone;V“1nblastine; 
Desoxycorticosterone Pivalate; Bromodiphenhydramine; 
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Ergoloid Mesylate; Gallamine Triethiodide; MethdilaZine; 
BetaZole; Chlorotrianisene; Chlorprothixene; Diphenylpyra 
line; ChlorothiaZide; Hexachlorophene; BucliZine; Adina 
Zolam; Biperiden; Alfentanil; Bepridil; BenZthiaZide; Ethop 
ropaZine; Mefenamic acid; Cycrimine; EthoxZolamide; 
Levallorphan; Methyprylon; Minaprine; Alprenolol; Clid 
inium; Ethanol; Methylergonovine; MethaZolamide; Anileri 
dine; Melatonin; Methoxy?urane; Levomethadyl Acetate; 
Maprotiline; BenZtropine; Aminosalicylic Acid; lsoetharine; 
Methantheline; Butabarbital; Flurbiprofen; L-Norgestrel; 
Fludrocortisone; Metharbital; BenZphetamine; Ethynodiol 
Diacetate; Dicumarol; Desogestrel; lso?uorophate; Levor 
phanol; Carbinoxamine; Etonogestrel; Disulfuram; Dyphyl 
line; Dexbrompheniramine; Ambenonium; Acebutolol; 
Acetohexamide; Acetohydroxamic Acid; Acitretin; Ada 
palene; Adefovir Dipivoxil; AlbendaZole; Alclometasone; 
Alprostadil; Alseroxylon; Amantadine; Amcinonide; Amdi 
nocillin; Amiloride; Aminocaproic Acid; Aminohippurate; 
Aminolevulinic Acid; Amlexanox; Amodiaquine; Amphot 
ericin B; Anagrelide; Anisindione; Anisotropine Methylbro 
mide; Arbutamine; Ardeparin; AtaZanaVir; Atovaquone; Atra 
curium; Atropine; Aurano?n; AZacitidine; AZatadine; 
AZathioprine; AZelaic Acid; AZelastine; AZlocillin; AZtre 
onam; Bacitracin; Oxybuprocaine; Bentiromide; Bento 
quatam; BenZquinamide; BenZyl BenZoate; BenZylpenicil 
loyl Polylysine; Betanidine; Bimatoprost; Bitolterol 
Mesylate; BorteZomib; Bosentan; Bretylium; Bromfenac; 
Brompheniramine; Butena?ne; ButoconaZole; Butorphanol 
Tartrate; Cabergoline; Calcium Acetate; Calcium Chloride; 
Calcium Gluceptate; Candicidin; Capreomycin; Carbachol; 
Carbenicillin; Carboprost Tromethamine; CarphenaZine; 
Carprofen; Cefditoren Pivoxil; Cefmenoxime; CefmetaZole; 
Ceforanide; Cefotaxime; Cefotiam; Cefpiramide; CeftaZi 
dime; Cephaloglycin; Cephalothin; Cephapirin; Ceruletide; 
Chloramphenicol; Chlormerodrin; ChlormeZanone; 
Chloroxine; Chlorphenesin; Cloclopirox; Cinacalcet; Cino 
Xacin; Cisatracurium Besylate; Clemastine; Clobetasol; Clo 
cortolone; Clofarabine; Clo?brate; Clomifene; CloraZepate; 
Cloxacillin; Colesevelam; Colestipol; Colistimethate; Colis 
tin; Cryptenamine; Cyclacillin; Cyclopentolate; Cycloserine; 
CyclothiaZide; Cysteamine Bitartrate; Dantrolene; Dapipra 
Zole; Darifenacin; Deferoxamine; Demecarium bromide; 
Deserpidine; Des?urane; Deslanoside; Desoximetasone; 
Dextrothyroxine; DeZocine; DiatriZoate; DiaZoXide; 
Dibucaine; Dicloxacillin; Dienestrol; DiethylcarbamaZine; 
Diethylpropion; Diethylstilbestrol; Di?orasone; Di?unisal; 
Dimenhydrinate; Dimethyl Sulfoxide; Dinoprost 
Tromethamine; Dinoprostone; Diphemanil Methylsulfate; 
Diphenidol; Dipivefrin; Dirithromycin; Docetaxel; 
Docosanol; Doxacurium Chloride; Doxapram; Doxylamine; 
Dromostanolone; Droperidol; Dyclonine; Dydrogesterone; 
Echothiophate Iodide; EconaZole; Edrophonium; Eletriptan; 
Emedastine; Enoxacin; Entecavir; Epoprostenol; Eprosartan; 
Erlotinib; Ertapenem; Erythromycin; Esmolol; EstaZolam; 
Ethambutol; Ethchlorvynol; Ethinamate; Ethiodol; Ethiona 
mide; Ethotoin; Etidronate; Etomidate; Etretinate; 
Fenoldopam; Fenoprofen; Flavoxate; FlumaZenil; Flumetha 
sone Pivalate; Flunisolide; Fluocinolone Acetonide; Fluoci 
nonide; Fluorescein; Fluorometholone; Fluoxymesterone; 
Flurandrenolide; FluraZepam; Flutamide; FomepiZole; 
Fomivirsen; Fosfomycin; FuraZolidone; Gadobenate dime 
glumine; Gadodiamide; Gadopentetate dimeglumine; Gadot 
eridol; Gadoversetamide; Galsulfase; Ganirelix; Gati?oxa 
cin; Ge?tinib; Gentian Violet; Glatiramer Acetate; 


























































































































































