19 DANMARK (10 DK/EP 2183644 T3

(12) Oversaettelse af
europaeisk patentskrift

Patent-og
Varamaerkestyrelsen

(51) Int.Cl.: G 03 B 42/02 (2006.01) G 01 N 23/22 (2006.01) G 01N 23/223 (2006.01)
(45) Oversaettelsen bekendtgjort den: 2016-08-29

(80) Dato for Den Europaeiske Patentmyndigheds
bekendigorelse om meddelelse af patentet: 2016-06-08

(86) Europzeisk ansggning nr.: 08798006.6

(86) Europzeisk indleveringsdag: 2008-08-15

(87) Den europaeiske ansggnings publiceringsdag: 2010-05-12
(86) International ansggning nr.: US2008073359

(87) Internationalt publikationsnr.: WO2009023847

(30) Prioritet: ~ 2007-08-16 US 965052 P

(84) Designerede stater: AT BE BG CH CY CZ DE DK EE ES FI FR GB GR HR HU IE IS IT LI LT LU LV MC
MT NL NO PL PT RO SE SI SK TR

(73) Patenthaver: Icagen, Inc., 4222 Emperor Boulevard, Suite 350, Durham, NC 27703, USA

(72) Opfinder: BIRNBAUM, Eva, R., 1930 Camino Mora, Los Alamos, NM 87544, USA
WARNER, Benjamin, P., 903 Tewa Loop, Los Alamos, NM 87544, USA
BALDWIN, Sharon, M., 82B Calle Sinsonte, Sante Fe, NM 87507, USA
BERGER, Jennifer, A., 103 Azure Drive, Los Alamos, NM 87544, USA
MILLER, Rebecca, L.E., 1430 42nd Street, Los Alamos, NM 87544, USA

(74) Fuldmaegtig i Danmark: NORDIC PATENT SERVICE A/S, Bredgade 30, 1260 Kebenhavn K, Danmark
(54) Benaevnelse: BRONDPLADE TIL RONTGENFLUORESCENSMALINGER

(56) Fremdragne publikationer:
WO-A1-96/13708
WO-A2-00/36405
US-A1- 2003 053 589
US-A1- 2005 090 019
US-A1- 2006 078 902
US-B1-6 171 780
US-B1- 6 426 050
MILLER T C ET AL: "Semiconductor applications of nanoliter droplet methodology with total reflection x-ray
fluorescence analysis"”, SPECTROCHIMICA ACTA. PART B: ATOMIC SPECTROSCOPY, NEW YORK, NY, US,
US, vol. 59, no. 8, 31 August 2004 (2004-08-31), pages 1117-1124, XP004586317, ISSN: 0584-8547, DOI:
10.1016/J.SAB.2003.11.010
Gilroy, Scott: "Selecting the correct X-ray Film", PANalytical , XP002664986, Retrieved from the Internet:
URL :www.axaa.org/index.php?option=com_cont ent&view=article&id=34:xrayfilmselction&ca
tid=10:resourcecentredocuments&ltemid=7 [retrieved on 2011-12-01]
CHANDLER ET AL.: 'Filtered x-ray diode diagnostics fielded on the Z accelerator for source power

Fortsattes ...



DK/EP 2183644 T3

measurements’ REVIEW OF SCIENTIFIC INSTRUMENTS, [Online] vol. 70, no. 1, pages 561 - 565, XP012036977
Retrieved from the Internet: <URL :http://www.osti.gov/bridge/serviets/pu rl/658409-
uMiRES/webviewable/658409.pdf>



DK/EP 2183644 T3
DESCRIPTION

[0001] This application is related to and claims the priority of U. S. Provisional Patent Application 60/965,052 entitled "Well
Plate," which was filed on August 16, 2007.

FIELD OF THE INVENTION

[0002] The present invention relates to the preparation of samples for spectroscopic analysis.

BACKGROUND OF THE INVENTION

[0003] X-ray fluorescence (XRF) spectrometry is a powerful 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 radiation, the atom ejects a
core electron such as a K shell electron. The resulting atom is then in 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.
The energy of the emitted photons is equal to the difference in the energies of the two orbitals. Each element has a characteristic
set of orbital energies and therefore, a characteristic X-ray fluorescence (XRF) spectrum.

[0004] An XRF spectrometer is an apparatus capable of irradiating a sample with an Xray beam, detecting the X-ray
fluorescence from the sample, and using the X-ray fluorescence to determine which elements are present in the sample and
measuring the quantity of these elements. A typical, commercially available energy dispersive X-ray fluorescence spectrometer is
the EDAX Eagle XPL energy dispersive X-ray fluorescence spectrometer, equipped with a microfocus X-ray tube, lithium drifted
silicon solid-state detector, processing electronics, and vendor supplied operating software, available from the EDAX division of
Ametek, 91 McKee Drive Mahwah, NJ 07430. An example of a wavelength dispersive X-ray fluorescence spectrometer is the ZSX
Primus, available from Rigaku Americas, 9009 New Trails Drive, The Woodlands, TX 77381. In principle, any element may be
detected and quantified with XRF.

[0005] Typical protein-drug assays are performed with nanomolar to micromolar protein concentrations and drug concentrations.
The protein concentration and the drug concentration need not be the same. The existing art for the analysis of dried samples by
x-ray fluorescence can only measure dried samples which are deposited from one microliter or less of solutions having minimum
concentrations of about 10 micromolar (see Thomasin C. Miller, Christopher M. Sparks, George J. Havrilla, Meredith R. Beebe,
Semiconductor applications of nanoliter droplet methodology with total reflection X-ray fluorescence analysis, Spectrochimica Acta
Part B 59 (2004) 1117-1124). This sample

preparation method is insufficient for the analysis of proteins and protein-drug complexes, where biologically relevant
concentrations of the solution from which the sample is deposited must be less than 10 micromolar and preferably less than 100
nanomolar.

[0006] US 2005/0090019 discloses an XRF well plate having perforations passing through the well plate from one face to
another , said perforations being covered by an x-ray translucent film. US 6426050 and US 6171780 disclose dimensions of the
perforations in various well plates.

[0007] The exsting state of the art is insufficient for analyzing dilute solutions, especially dilute solutions of proteins having
concentrations of less than about 10 micromolar.

[0008] There remains a need for simpler methods for preparing samples for measurement using x-ray fluorescence
spectrometry. The present invention is designed to address that need.

Summary of the Present Invention

[0009] One aspect of the present invention comprises an apparatus (2) for preparing one or more samples for measurement by
x-ray fluorescence spectrometry, comprising a well plate (4) having at least one hole (8) penetrating said well plate; said at least
one hole passing through the well plate from one face to the other face, a film (8) covering said hole, said film (6) being at least
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5% translucent to 2,300 eV X-rays oriented normal to said film (6) and said hole (8) having a diameter less than 500 micrometers
in at least one dimension parallel to said film (6) at the location where said hole (8) adjoins said film (6) and a cross sectional area
of less than 0.005 square centimeters where said hole (8) adjoins said film (8), characterised in that the walls of said hole (8)
have an RMS roughness of less than 20 micrometers.

[0010] Still another aspect of the present invention comprises a method according to Claim 3.

[0011] 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 instrumentalities and
combinations particularly pointed out in the appended claims.

Brief Description of the Figures

[0012]

Figure 1 shows a schematic depiction of the present invention.

Figure 2 shows a cutaway view of Plate 4 showing examples of the shapes of Hole(s) 8.

Figure 3 shows protein samples prepared using Apparatus 2 and by pipette.

Figure 4 shows x-ray fluorescence spectra of protein samples prepared using Apparatus 2 and by pipette.

Figure 5 shows a comparison of the cross-sectional thickness profile of protein samples prepared using Apparatus 2 and by
pipette.

Detailed Description

[0013] Briefly, the present invention includes an apparatus for preparing samples for measurement by xray fluorescence
spectrometry. The apparatus comprises a plate having one or more holes passing through the plate. The holes are covered by a
film on one side of the plate. The holes are less than 500 micrometers across in one dimension where the film covers the holes.
The film is translucent to x-rays. The present invention also includes an apparatus for preparing samples for measurement by x-
ray fluorescence spectrometry. The apparatus comprises a plate having one or more holes passing through the plate. The holes
are covered on one side of the plate by a detachable cover forming a water-tight seal against the plate. The cover is substantially
free of the elements osmium, yttrium, iridium, phosphorus, zirconium, platinum, gold, niobium, mercury, thallium, molybdenum,
sulfur, lead, bismuth, technetium, ruthenium, chlorine, rhodium, palladium, argon, silver, and thorium. The holes are less than
about 500 micrometers across in one dimension where the cover covers the holes. The present invention also includes a method
for preparing samples for measurement by x-ray fluorescence spectrometry. The method comprises providing a solution with less
than 10 micromolar solute and a volume of between about 2 microliters and about 2 milliliters. The solution is concentrated and
analyzed using x-ray fluorescence spectrometry.

[0014] The present invention comprises Apparatus 2, which includes Plate 4 and Film 6. Film 6 covers one face of Plate 4. Plate
4 has one or more Holes 8. Holes 8 pass through Plate 4 from the face of Plate 4 which is covered by Film 6 to the opposite face
of Plate 4. Film 6 may be bonded to Plate 4.

[0015] Apparatus 2 should not leak solvent at the junction of Film 6 and Plate 4. Preferably, the junction of Film 6 and Plate 4
maintains a water-tight seal when Apparatus 2 is subjected to either temperatures in excess of about 37.7°C, or acceleration in
excess of about 20 times the earth's gravitational constant at sea level, or atmospheric pressure less than about 760 torr.

[0016] The dimensions of Plate 4 are more preferably 127.76 mm £ 0.25 mm by 85.48 mm + 0.25 mm, when measured from a
position within 12.7 mm (0.5000 inches) of the outside corners of Plate 4. If Plate 4 is substantially rectangular or if Plate 4 has a
flange on the bottom, then Plate 4 or its flange preferably has a corner radius to the outside of 3.18 mm + 1.6 mm. If Plate 4 is
substantially rectangular with has one or more chamfers or beveled corners, then the corner radii of any non-beveled corners are
preferably 3.18 mm £ 1.6 mm to the outside. If Apparatus 2 comprises 96 Hole(s) 8, then Hole(s) 8 are preferably arranged as
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eight rows by twelve columns. In this case, the distance between at least one outside edge of Plate 4 and the center of the first
column of Hole(s) 8 is preferably 14.38 mm + 4 mm. The distance between each column of Hole(s) 8 is preferably 9 mm + 4 mm.
The distance between at least one outside edge of Plate 4 and the center of the first row of Hole(s) 8 is preferably 11.24 mm + 4
mm. The distance between each row of Hole(s) 8 is preferably 9 mm + 4 mm. At least one of Hole(s) 8 is preferably marked in a
distinguishing manner, and more preferably each row is marked in a distinguishing manner and each column is marked in a
distinguishing manner. If Apparatus 2 comprises 384 Hole(s) 8, then Hole(s) 8 are preferably arranged as sixteen rows by twenty-
four columns. In this case, the distance between at least one outside edge of Plate 4 and the center of the first column of Hole(s)
8 is preferably 12.13 mm £ 4 mm. The distance between each column of Hole(s) 8 is preferably 4.5 mm + 2 mm. The distance
between at least one outside edge of Plate 4 and the center of the first row of Hole(s) 8 is preferably 8.99 mm + 4 mm. The
distance between each row of Hole(s) 8 is preferably 4.5 mm + 2 mm. At least one of Hole(s) 8 is preferably marked in a
distinguishing manner, and more preferably each row is marked in a distinguishing manner and each column is marked in a
distinguishing manner. If Apparatus 2 comprises 1536 Hole(s) 8, then Hole(s) 8 are preferably arranged as thirty-two rows by
forty-eight columns. In this case, the distance between at least one outside edge of Plate 4 and the center of the first column of
Hole(s) 8 is preferably 11.005 mm + 4 mm. The distance between each column of Hole(s) 8 is preferably 2.25 mm + 1 mm. The
distance between at least one outside edge of Plate 4 and the center of the first row of Hole(s) 8 is preferably 7.865 mm + 4 mm.
The distance between each row of Hole(s) 8 is preferably 2.25 mm + 1 mm. At least one of Hole(s) 8 is preferably marked in a
distinguishing manner, and more preferably each row is marked in a distinguishing manner and each column is marked in a
distinguishing manner. Plate 4 is preferably between 7 mm and 35 mm in height. Top Face 12 and Bottom Face 10 are preferably
substantially parallel to each other. Plate 4 may comprise a flange on one or more sides of Plate 4. If Plate 4 comprises a flange,
then the height of the flange is preferably between 1 mm and 10 mm, and more preferably is 2.41 mm £ 0.38 mm or 6.10 mm %
0.38 mm or 7.62 mm % 0.38 mm when measured from the bottom-resting plane of Plate 4 to the top of the flange. It is preferable
that if Plate 4 is substantially rectangular, with or without chamfers on any corners, that the flanges on at least two of the sides of
Plate 4 have the same flange height when measured from the bottom-resting plane of Plate 4 to the top of the flange. The flange
preferably extends from Plate 4 by at least 0.5 mm and preferably by 1.27 mm when measured at the top of the flange. Any
chamfers preferably do not have flanges. A flange on Plate 4 may have interruptions or projections. Preferably, any edge of any
interruption or projection on a flange is a minimum of 47.8 mm from the edges of Plate 4 which are substantially perpendicular to
the flange having the interruption(s) or projection(s).

[0017] Plate 4 is preferably composed of plastic, although the use of metal to compose Plate 4 will make Plate 4 more durable.
Plate 4 preferably has dimensions of a length of 127.7 mm (plus or minus 12.7 mm) by a width of 85.4 mm (plus or minus 12.7
mm). The height of Plate 4 is preferably between 1 millimeter and 150 millimeters. Plate 4 most preferably conforms to ANSI/SBS
1-2004 and ANSI/SBS 2-2004. Plate 4 has a Top Face 12 and a Bottom Face 10.

[0018] Plate 4 has one or more Holes 8, which pass through Bottom Face 10 of Plate 4 and Top Face 12 of Plate 4. If there are
ninety-six (96) Holes 8, or three hundred and eighty-four (384) Holes 8, or one thousand five hundred and thirty-six (1,536) Holes
8, then the positioning of the Holes 8 preferably conforms to ANSI/SBS 4-2004. Holes 8 pass through Plate 4. On the Top Face
12, Hole 8 has a diameter of between 500 micrometers and thirty (30) millimeters. On the Bottom Face 10, Hole(s) 8 have a
diameter of between 10 micrometers and two millimeters, and preferably a diameter of between 50 micrometers and 500
micrometers, and most preferably a diameter of between 50 micrometers and 350 micrometers. Each Hole 8 preferably has a
volume sufficient to hold at least 10 microliters between the planes defined by Top Face 12 and Bottom Face 10. Each Hole 8
may optionally be coated with silicone or another coating that minimizes protein binding to the walls of Hole 8. Hole(s) 8 may be
conical or truncated conical with the wide end of the cone at the Top Face 12 of Plate 4 and the narrow end of the cone at the
Bottom Face 10 of Plate 4. Hole(s) 8 may be cylindrical at the top and conical or truncated conical at the bottom. Hole(s) 8 may be
cylindrical at the top and conical or truncated conical in the middle, and cylindrical at the bottom. Hole(s) 8 may be cylindrical at
the top and conical or truncated conical in the middle, and conical at the bottom with wide end of the bottom cone opening onto
Bottom Face 10 of Plate 4; in this configuration, Hole(s) 8 are dumbbell shaped. Any shape which allows liquid to flow through
Hole(s) 8 is acceptable. The perimeter at the widest part of Hole(s) 8 is preferably greater than the perimeter of Hole(s) 8 where
Hole(s) 8 is covered by Film 6.

[0019] Hole(s) 8 should be chemically inert under the conditions of use. Preferably, Hole(s) 8 do not release contaminants that
interfere with the XRF measurements of Sample 18. More preferably, Holes(8) do not release more than 5 parts per billion sulfur
or 5 parts per billion chlorine or five parts per billion phosphorus in any chemical form when exposed to a solution comprising
water, proteins, dimethylsulfoxide or dimethylformamide at 50 °C for 3 hours.

[0020] Hole(s) 8 are also preferably smooth so that Sample 18 does not become entrained in rough surfaces. Any surface
features in Hole(s) 8 preferably are less than 200 microns in the dimension normal to the inside face of Hole(s) 8. The inside face
of Hole(s) 8 has a root mean squared (RMS) roughness of less than about 20 micrometers. A Hole (8) having an internal
depression of 200 micrometers functioned acceptably in the present invention. Hole (8) having a roughness of approximately 5
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micrometers functioned acceptably in the present invention. To minimize the amount of Sample 18 that becomes adhered to the
side of Hole(s) 8, Hole(s) 8 should have an included angle of less than about 45 degrees, and more preferably less than about 42
degrees, and most preferably less than about 40 degrees. The entire Hole(s) 8 can have these included angles, or just the
portion of Hole(s) 8 where the cross sectional area is being reduced can be shaped to have this included angle.

[0021] The line defining the interface between the solution, the solid surface of Hole(s) 8, and the atmosphere is called the
contact line. Hole(s) 8 are preferably shaped so that the length of the contact line diminishes for at least a portion of the time in
which the volume of the solution is reduced. It is desirable that a portion of Sample 18 adhere to Film 6 if Film 6 is detached;
therefore, it is desirable that Hole(s) 8 be wider where it adjoins Film 6 than where Hole(s) 8 is at its narrowest.

[0022] The Hole(s) 8 should have a small cross sectional area at the bottom, i.e. the location where the Hole(s) 8 adjoins Film 6.
The cross section of Hole(s) 8 at this location are less than about 500 micrometers across in one dimension, and are more
preferably less than 1000 micrometers across in the other dimension, so that the entire cross sectional area of Hole(s) 8 at the
location where Hole(s) 8 adjoin Film 6 is less than about 0.005 square centimeters.

[0023] Film 6 is located across the Bottom Face 10 of Plate 4. Film 6 may be held against Bottom Face 10 of Plate 4 by an
optional Adhesive 14. Alternatively, Film 6 may be held against Bottom Face 10 of Plate 4 by an optional Bottom Plate 16, in
which case Film 6 is placed between Bottom Plate 14 and Bottom Face 10 of Plate 4. A Gasket 20 may be placed between Film 6
and Bottom Plate 16. Film 6 may be bonded to Bottom Face 10 of Plate 4 by heat or by a solvent. Film 6 may be permanently
attached to Plate 4 or it may be removable. Film 6 is preferably substantially free of the at least one of the elements sulfur,
phosphorus, or chlorine. Examples of suitable materials include Porvair #229302, Porvair #229112, Porvair # 229058, Porvair #
229304, and Porvair #229301, all of which are available from Porvair plc, Brampton House, 50 Bergen Way, King's Lynn, Norfolk
PE30 2JG, U.K.), aluminum foils (examples: Microseal 'F' Foil from Bio-Rad Laboratories, 1000 Alfred Nobel Drive, Hercules, CA
94547). Other tapes that may be used for Film 6 include: Super-Thin Polyester Surface-Protection Tape, Chemical-Resistant
Surlyn Surface-Protection Tape, Abrasion-Resistant Polyurethane Surface-Protection Tape, Heat-Resistant Kapton Tape with

Silicone Adhesive or with Acrylic Adhesive, UV-Resistant Polyethylene Surface-Protection Tape, Clean-Release Polyethylene

Surface-Protection Tape, Low-Static Polyimide Tape, all available from McMaster-Carr, 6100 Fulton Industrial Blvd., Atlanta, GA

30336-2852. Other materials which may be used for Film 6 include 0.02 micrometer thick, 99.99% pure gold foil, available from
Lebow Company, 5960 Mandarin Ave., Goleta, CA 93117 U.S.A.; 0.07 micrometer thick, 99.95% pure aluminum foil, available
from Lebow Company, 5960 Mandarin Ave., Goleta, CA 93117 U.S.A;; 0.1 micrometer through 20 micrometer thick PARYLENE

N®, available from Lebow Company, 5960 Mandarin Ave., Goleta, CA 93117 U.S.A.; and 0.5 micrometer thick to 25.0 micrometer
thick, 99.99% pure titanium foil, available from Lebow Company, 5960 Mandarin Ave., Goleta, CA 93117 U.S.A.; and 4 micrometer
thick to 8 micrometer thick polypropylene, available from Lebow Company, 5960 Mandarin Ave., Goleta, CA 93117 U.S.A. Other
substrates 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 materials which may be used for Film 6 are Ultralene®, mylar,
polycarbonate, prolene, and kapton, available from SPEX CertiPrep Ltd, 2 Dalston Gardens, Stanmore, Middlesex HA7 1BQ,
ENGLAND. Other materials that may be conveniently used are Hostaphan®, polyester, and Ethom® available from Chemplex
Industries, Inc., 2820 SW 42nd Avenue, Palm City, FL 34990-5573 USA. Another material that may be conveniently used is Zone
Free Film Part ZAF-PE-50, available from Excel Scientific, 18350 George Blvd, Victorville, CA, 92394. This list is not exhaustive,
and other materials may be used for Film 6. Film 6 may be made of fluorocarbons. Film 6 is also preferably substantially free of
elements which have X-Ray Fluorescence emission peaks having energies of between 1.9 KeV and 3 KeV, because these peaks
tend to interfere with the signals of most interest for the application of Apparatus 2 to biochemical and biological applications.
Elements which have X-Ray Fluorescence emission peaks having energies of between 1.9 KeV and 3 KeV are: osmium, yttrium,
iridium, phosphorus, zrconium, platinum, gold, niobium, mercury, thallium, molybdenum, sulfur, lead, bismuth, technetium,
ruthenium, chlorine, rhodium, palladium, argon, silver, and thorium. If Apparatus 2 is used with an xray fluorescence
spectrometer which uses an x-ray detector which comprises silicon, then Film 6 is also preferably free of elements which have X-
Ray Fluorescence escape peaks (i.e. x-ray fluorescence emission peaks minus 1.74 KeV) having energies of between 1.9 KeV
and 3 KeV, because these escape peaks tend to interfere with the signals of most interest for the application of Apparatus 2 to
biochemical and biological applications. Elements which have X-Ray Fluorescence escape peaks having energies of between 1.9
KeV and 3 KeV are: calcium, tellurium, iodine, scandium, xenon, cesium, barium, titanium, and lanthanum. "Substantially free" is
defined herein as being less than about 4% by weight. Film 6 may have additional chemical elements, which may be used for
measuring the thickness of Sample 18. If wavelength dispersive x-ray fluorescence is used, then the elemental purity of Film 6 is
not as important; in this case, the film should be substantially free of the element or elements which are being used to quantify the
sample. Film 6 may be treated to increase protein adhesion; a non-inclusive list of treatments includes treating Film 6 with oxygen
or nitrogen plasma or with poly-lysine.

[0024] If Film 6 is bonded to Plate 4, then the Film 6 should deform with Sample 18. Film 6 deforms from the plane defined by the
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perimeter of Hole(s) 8 where Hole(s) 8 adjoins Film 6, by a minimum distance of 100 nanometers.

[0025] If Film 6 is detachable from Plate 4, then the Plate 4 deforms as a result of loading during normal use. Plate 4 is deformed
from the plane Film 6 by a minimum distance of 10 micrometers.

[0026] If Film 6 is not detachable from Bottom Face 10 of Plate 4, then Film 6 is preferably translucent to x-rays having energies
of 2.3 KeV. In this case, translucent is defined as allowing at least 5% of the x-rays which are normal to Film 6 and which have an
energy of 2.3 KeV to pass through Film 6, when Film 6 is placed in a plane which is perpendicular to a line defined by Sample 18
and an x-ray detector. The material compositions and thicknesses which may be used for Film 6 (if Film 6 is not detachable from
Bottom Face 10 of Plate 4) may be measured or calculated using xray attenuation parameters for various materials. A non-
exhaustive list of materials which are suitable for Film 6 (if Film 6 is not detachable from Bottom Face 10 of Plate 4) includes
polypropylene which is less than about 195 micrometers thick, and polycarbonate which is less than about 105 micrometers thick.

[0027] Apparatus 2 is used with an x-ray fluorescence spectrometer. Apparatus 2 is preferably used by placing a solution of
Sample 18 in one or more Hole(s) 8. At least a portion of the solvent containing Sample 18 is then evaporated. Preferably at least
80% of the solvent of Sample 18 is evaporated; more preferably, substantially all of the solvent of Sample 18 is evaporated. The
solvent is preferably evaporated using elevated temperatures that are above about 22 °C or reduced atmospheric pressure that
is below about 760 torr. Apparatus 2 is preferably placed in a vacuum centrifuge, such as a Savant Speed Vac Plus SC 250DDA
or a Thermo Savant SPD 1010 SpeedVac®. Solvent is preferably removed from Sample 18 while Apparatus 2 is centrifuged, and
the Sample 18 is concentrated by being collected at the portion of Hole 8 which passes through Bottom Face 10 of Plate 4 and
onto Film 6. The advantage of the Apparatus 2 is that the sample is concentrated into a small area. If Film 6 is detachable and
Film 6 is thick enough that it is not translucent (translucent is defined as allowing at least 5% of the xrays which are normal to
Film 6 and which have an energy of 2,300 eV to pass through Film 6, when Film 6 is placed in a plane which is perpendicular to a
line defined by Sample 18 and an x-ray detector), then Film 6 is then detached from Plate 4 and measured in an Xray
Fluorescence Spectrometer (for example, an EDAX Eagle lll pprobe, available from EDAX, 91 McKee Drive Mahwah, NJ 07430; or
a MicroXR VXR Microbeam XRF System, available from Thermo Fisher Scientific, Inc., 81 Wyman Street, Waltham, MA 02454). In
this case, Film 6 is oriented in the X-ray fluorescence spectrometer so that Sample 18 is between Film 6 and the x-ray detector of
the x-ray fluorescence spectrometer. Film 6 is preferably held in a Frame 20 to hold Film 6 flat. If Film 6 is translucent to x-rays as
defined above, then Sample 18 may be measured without detaching Film 6 from Plate 4. If Film 6 is translucent to x-rays, then
Sample 18 may be measured using an xray fluorescence spectrometer with Film 6 oriented between Sample 18 and the x-ray
detector, whether or not Film 6 is detached from Plate 4. The advantage of not detaching Film 6 from Plate 4 is that Plate 4
functions as a frame, and therefore no additional Frame 20 is necessary. The advantage of detaching Film 6 is that Sample 18
may be measured with no attenuation from Film 6. Apparatus 2 is preferably used with an x-ray fluorescence spectrometer whose
beam size is matched to the size of Sample 18 after the solvent has been evaporated; in this case a matched beam size is defined
as the area of the x-ray excitation beam which contains at least 80% of the x-ray flux which is incident on Sample 18 is within a
factor of 100 of the area of Sample 18. The x-ray excitation source may be focused, such as a by means of a polycapillary
focusing optics offered by X-Ray Optical Systems, Inc., 15 Tech Valley Drive, East Greenbush, N.Y. 12061. An x-ray fluorescence

spectrometer equipped with a collimator or another type of focusing optic on the x-ray excitation source is also acceptable.

[0028] The advantage of using Apparatus 2 for preparing samples for x-ray fluorescence spectrometry measurements is that the
measurement limits are better when using Apparatus 2 versus simply pipetting or printing a sample on a film as described in Miller
TC et al. "Semiconductor applications of nanoliter droplet methodology with total reflection x-ray fluorescence analysis."
Spectrochimica Acta B. 2004, 59:1117-1124; or Miller TC and GJ Havrilla. "Nanodroplets: a new method for dried spot preparation
and analysis" X-Ray Spect 2004, 33:101-106, for example. The second advantage of using Apparatus 2 is that many biological
samples are prepared as dilute solutions, for example as dilute solutions of proteins. Apparatus 2 allows relatively large volumes
of a solution of sample to be prepared, and the sample to be concentrated into a dried spot of sample with optimum properties.
Volumes of solution are preferably between 2 microliters to 2 milliliters, and more preferably are between 10 microliters and 250
microliters. In contrast, existing sample preparation methods require highly concentrated sample solutions in order to deposit a
sufficient amount of sample for measurement. Also in contrast, existing sample preparation methods require a large amount of
sample to prime their printer head or fill their reservoirs, which wastes valuable sample. For example, assume one desires to
measure approximately 30 picograms of sulfur in a sample. Using standard deposition methods, which might use 10 nanoliters of
solution, the concentration of sulfur in the initial solution would have to be 100 micromolar. Using Apparatus 2, 100 microliters of
solvent may be used, resulting in an initial sample concentration of 10 nanomolar. For biology, biochemistry, and drug
development, it is important to be able to work with solutions which have nanomolar concentration, versus solutions with tens or
hundreds of micromolar concentrations. If Apparatus 2 is used with a protein or a nucleic acid, the mass of the sulfur or
phosphorus or a combination of sulfur and phosphorus in the protein or nucleic acid is preferably between 50 femtograms and 1
microgram, and most preferably the mass of the phosphorus or sulfur or combinations thereof in Sample 18 is between 100
picograms and 100 nanograms.



DK/EP 2183644 T3

[0029] Sample 18 is deposited in a shape which is defined by the shape of Hole 8 as it penetrates the Bottom Face 10 of Plate 4.
The most efficient shape for Sample 18 is one which is similar to the size of the x-ray excitation beam of the x-ray fluorescence
spectrometer. Usually, both Sample 18 and the xray excitation beam are roughly circular in outline. Similarity, in this context,
means that the area of Sample 18 is within a factor of 100 times greater or smaller than the area of the x-ray excitation beam as it
illuminates Sample 18 (for example, the diameter of Sample 18 is within a factor of 10 of the x-ray excitation beam as it illuminates
Sample 18). Preferably, Sample 18 is within a factor of 25 times bigger or smaller than the area of the x-ray excitation beam as it
illuminates Sample 18 (for example, the diameter of Sample 18 is within a factor of 5 of the x-ray excitation beam as it illuminates
Sample 18). If the area of x-ray excitation beam as it illuminates Sample 18 is significantly greater than the area of Sample 18,
then xray photons are wasted. If the area of x-ray excitation beam as it illuminates Sample 18 significantly smaller than the area
of Sample 18, then the measurement time will be unnecessarily long or else a portion of Sample 18 will be wasted by its not being
measured.

[0030] Sample 18 typically comprises an aqueous sample of a protein or nucleic acid, which has been optionally modified by
addition of an inhibitor, cofactor, metal, protein, sugar, or other chemical. Sample 18 may be conveniently measured using an X-
ray fluorescence instrument. This x-ray fluorescence instrument preferably comprises at least one of the following: a
monocapillary focusing optic, polycapillary focusing optic, a collimator, a micro focus X-ray tube, a synchrotron 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
fluorescence spectrometer focusing arrangement, a PIN diode detector, a semiconductor X-ray detector, a germanium or doped
germanium X-ray detector, a silicon or doped silicon X-ray detector, a wavelength dispersive X-ray fluorescence spectrometer, an
energy dispersive X-ray fluorescence spectrometer, total reflectance X-ray fluorescence spectrometer, and the like.

[0031] If Film 6 contains additional chemical elements which are measurable with the x-ray fluorescence spectrometer being used
with Apparatus 2, then these elements may be used to measure the thickness of Sample 18. For example, if Film 6 contains
silicon, then the attenuation of the silicon x-ray signal by Sample 18 will allow the thickness of Sample 18 to be estimated. Figure 5
shows the relative thicknesses of a protein sample deposited using Apparatus 2 and a protein sample deposited using a pipette.
The protein sample deposited using Apparatus 2 is significantly more compact and lacks the ring shape as compared with
samples deposited by pipette which display alternating rings of deposited sample and rings that are depleted in sample. Figure 3
shows a photograph of a sample deposited by pipette. Figure 3 also shows a photograph of a sample deposited using Apparatus
2. The sample deposited using a pipette is significantly larger and has more rings than the sample deposited using Apparatus 2.
The more compact sample deposited using Apparatus 2 provides a more intense signal in the x-ray fluorescence spectrum, as
shown in Figure 4. Thickness corrections are performed by measuring the signal from Film 6 (e.g. a silicon signal) in a region
where there is no Sample 18, and measuring the same elemental signal from a region of Film 6 which is covered by Sample 18.
The difference in the x-ray signal from the film may be related to the thickness of Sample 18 by calculating the thickness of
Sample 18 required to attenuate the x-ray signal by the measured amount.

[0032] Apparatus 2 may be used with proteins. Many proteins require a buffer to maintain the pH within a particular range (e.g. a
pH buffer), or to maintain the redox state of a chemical (e.g. a redox buffer), or to maintain an ionic strength (e.g. an isotonic
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
Sample 18. The buffer should more preferably be free of at least one chemical element having an atomic number of greater than
eight, where that chemical element is present in the Sample 18. The buffer should preferably be free of at least one of the
following chemicals or functional groups: dimethylsulfoxide, thiols, sulfate anion, sulfonate anions, chloride anion, bromide anion,
fluoride anion, iodide anion, perchlorate anion, phosphate anion, and phosphonate anions. The buffer preferably comprises one
or more of the following chemical or functional groups: amine, imine, nitrate anion, nitrite anion, ammonium cation, acetate anion,
carboxylate anion, carbonate anion, and iminium cation; these chemicals offer the correct buffering properties with minimal x-ray
fluorescence interference. Most preferably, the buffer comprises an ammonium nitrate salt such as tris(ethanol)amine nitrate, also
known as tris nitrate.

[0033] The proteins to be used with the present invention are preferably purified to remove chemicals, including pH buffers and
redox buffers and isotonic buffers, that are not chemically bound or which are loosely bound to the protein. This purification also
removes salts that contribute to poor sample quality. Loosely bound is defined as meaning having a binding affinity that is weaker
than about ten millimolar. This desalting step may be conducted conveniently using gel filtration chromatography or size exclusion
chromatography, such a Quick Spin Protein Column using Sephadex G-25, available from Roche Applied Science, PO Box 50414,
Indianapolis, IN, 46250. This process is amenable to multiplexing using a well plate format, such as a 96-well, 384-well, or 1536-
well plate format. Separations systems such as Zeba 96-well plates available from Pierce Biotechnology Inc., PO Box 117,
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Rockford, lllinois, 61105, are particularly convenient. The advantage of removing the buffers and other loosely bound chemicals
is that their removal minimizes interfering elements which might attenuate the desired X-ray fluorescence signal or add spurious x
ray fluorescence signals, or which create non-fluorescent x-ray signals through diffraction and other similar processes.

[0034] Both single-plexed or multiplexed gel filtration chromatography process may be expedited using a centrifuge, such as a
the IEC CL40 available from Thermo Fisher Scientific, product # 11210923, 450 Fortune Blvd, Milford, MA, 01757; or a vacuum
manifold, such as a Vacuum apparatus such as the MultiScreen Vacuum manifold with Direct Stack from Millipore, 290 Concord
Road, Billerica, MA 01821, attached to a standard vacuum pump (for example, Millipore, Catalog # WP61 115 60) also available
from Millipore. Separations are preferably carried out in less than 300 seconds of centrifugation, and are more preferably carried
out in less than 30 seconds of centrifugation. An alternative method of separation is ultrafiltration, such as might be performed
using a Centricon YM-3 centrifuged for 3 hours at 7000g.

[0035] Desalting by size exclusion columns may be conveniently used with Apparatus 2, by using a desalting well plate having
the same number of wells and locations of wells as the number and location(s) of Hole(s) 8 in Apparatus 2. The desalting plate is
placed on top of Apparatus 2, and a solution of Sample 2 is placed in one or more of the wells of the desalting plate. The stacked
desalting plate and Apparatus 2 are centrifuged until solution containing Sample 18 passes through the desalting plate and into
Hole(s) 8 of Apparatus 2. Apparatus 2 is then placed in a vacuum centrifuge as described above. Alternatively, the solution of
Sample 18 may be desalted and transferred to Apparatus 2, for example by pipette.

[0036] If Sample 18 comprises a protein, it should preferably be present at a concentration of less than 10 micromolar and more
preferably less than 100 nanomolar. In addition to proteins, other biological molecules which may be used include nucleic acids,
polysaccharides, peptides, and other biologically derived molecules; like proteins, these are preferably present in solution at
concentrations less than 10 micromolar and more preferably less than 100 nanomolar.

[0037] The foregoing description of the invention has been presented for purposes of illustration and description and is not
intended to be exhaustive or to limit the invention to the precise form disclosed, and obviously many modifications and variations
are possible in light of the above teaching.

[0038] The embodiment(s) were chosen and described in order to best explain the principles of the invention and its practical
application to thereby enable others skilled in the art to best utilize the invention in various embodiments and with various
modifications as are suited to the particular use contemplated. It is intended that the scope of the invention be defined by the
claims appended hereto.
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PATENTKRAV

Apparat (2) til forberedelse af en eller flere prever til méling ved hjelp af
rontgenfluorescensspektrometri, der omfatter en brendplade (4), der har i det mindste ét hul (§),
der gar igennem brendpladen fra den ene yderside til den anden yderside, en film (6), der
overdekker hullet, hvilken film (6) er i det mindste 5 % gennemskinnelig for 2.300 eV
rontgenstraler, der er orienteret normalt 1 forhold til filmen (6), kendetegnet ved, at hullet (8) har
en diameter pd mindre end 500 mikrometer i i det mindste én dimension parallelt med filmen (6)
pa det sted, hvor hullet (8) granser op til filmen (6) og et tvaersnitsareal pa mindre end 0,005
kvadratcentimeter der, hvor hullet (8) graeenser op til filmen (6), og hvor hullets (8) veegge har en

RMS-ruhed pa mindre end 20 mikrometer.

Apparat (2) ifelge krav 1, ved hvilket filmen (6) kan deformeres fra planet, der defineres af den

del af hullet (8), der granser op til filmen (6), hvilken deformation udger mindst 100 nanometer.

Fremgangsmdde til forberedelse af en preve til maling ved hjzlp af
rontgenfluorescensspektrometri, der omfatter tilvejebringelse af en oplesning med en
koncentration af oplest stof pa mindre end ca. 10 mikromoler og et volumen pé mellem ca. 2
mikroliter og ca. 2 milliliter, idet oplesningen komcentreres til en prove med mindre en en
femtedel af det oprindelige volumen af oplesningen, og proven analyseres ved hjelp af
rontgenfluorescensspektrometri, kendetegnet ved, at proven er koncentreret i et hul (8) i et

apparat ifglge krav 1.
Fremgangsmade ifolge krav 3, ved hvilken det opleste stof har en total masse pd mellem 50
femtogram og 1 mikrogram af et element, der er udvalgt fra listen af phosphor, svovl og

kombinationer heraf.

Fremgangsmade ifolge krav 3, ved hvilken brenden har en spidsvinkel pd mindre end 45 grader.
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