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A CALIBRATION SLIDE FOR FLUORESCENCE DETECTION
INSTRUMENTS AND PROCESS OF PREPARATION

Technical Field

The present invention relates to calibration slides for fluorescence detection
instruments and process of making them. More particularly, the present invention relates
to rare-earth ion doped inorganic arrays for calibration of fluorescence microarray
scanners and process of making them.

Background Art

The arising of microarray technique since the end of last century has speeded the
progress of Human Genome Project as well as many other research projects requiring
high-through 15ut analysis. Fluorescence microarray scanner has then become the most
recently and successfully developed fluorescence detection instrument for the purpose of
microarray chip analysis. But there appear two problems which affect its application in

quantitative microarray analysis. For the individual scanners, the laser source inevitably

- fluctuates or even declines during operation and the confocal plane may also shift due to

malfunctioned optical system, scanning accuracy also differs after long-term usage,
which may cause error readings. For the instruments from different manufacturers, they
differ in design and manufactory of light source, light path as well as the detection system,
which results in incomparable readings. As all the other fluorescence detection
instruments for quantitative analysis require routine calibration, fluorescence microarray
scanner also needs to be calibrated to assure best pérfonnance. Thus, a calibration
method for routine maintenance and data comparison between different instruments is
inevitable. Fluorescent standard solutions have been used for calibration of fluorescence
spectrometers and plate readers. However, they are not suitable for fluorescence
microarray scanners which employ glass slide as detection targets. The object used as the
calibration tool has to be easy to use, compatible to commonly used fluorescence
channels in fluorescence microarray scanners, and most important, stable under long-term
laser excitation.

At present, commonly used materials and means for calibration of fluorescence
microarray scanners are as follows:

1. Organic fluorescent dyes as calibration material:
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Gene Pharm Co. provides the Dilution Series Slide (DS3001) by directly printed Cy3,
Cy5 dyes on the glass substrates to evaluate the stability of the laser scanner. The 20
serial dilutions cover several orders of concentration magnitude. Full Moon Biosystems
produces similar calibration slide — FMB Microarray Scanner Calibration Slides. The
slides are packaged in a vacuum-sealed bag and suggested to keep away from light at low
temperature under dry condition.

Organic Fluorescence dyes possess poor photostability and will photo-bleach after
exposure to light. The fluorescent intensity of the dyes (calibration dot) and thus shelf life
of this kind of calibration slide are inevitable decreased after used in a relatively short
time.

2. Organic fluorescence dyes doped polymers as calibration material:

Starna® fluorescence standards supplied by Optical Glass Limited are the reference
materials to monitor fluorescence detection instrument performance and for
standardization. Organic fluorescent dyes are dissolved in methylmethacrylate and the
solution polymerized to produce a polymethylmethacrylate (PMMA) matrix, which
provides a relatively stable environment for the enclosed organic fluorescent compounds.
Polybead™ fluorescent polymer beads of Polysciences are used to calibrate the
fluorescence spectrometer, flow pyrometer, plate reader etc.. The organic fluorescent
dyes are absorbed in the holes of polystyrene beads. Both the above two manufacturers
don’t mention calibration products for fluorescence microarray scanners. But in patent
US2003/0105195, the inventor described the method of patterning the organic fluorescent
dyes doped polymer matrix (PMMA, polyepoxide resin, polyamide) on the surface of a
rigid slide to form a calibration slide for microarray scanners.

However, among these materials, the problem with photobleaching of fluorescent
dyes still could not be resolved.

3. Broadband fluorescence emission polymer as calibration material:

In the patents of US2003/0057379, US2003/0015668 and US6472671, a calibration
tool for fluorescence microscopy is presented, which consists of a support of
non-fluorescent quartz, a solid surface layer with a broadband fluorescence emitter,
polyimide, and a thin opaque metal mask of non-fluorescent material. In a similar way,
Clondiag Chip Technologies GmbH provides a novel array imaging standardization slide,

which consists of an array of fluorescent spots with defined shape and intensity. In WO
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02/077620, Clondiag patented manufacturing process guarantees stable fluorescence

properties after >20 measurements. The fluorescent material is SU 8-10, a photo-sensitive
broadband emitter polymer. Nevertheless, the polymer can also be photobleached under
excitation, resulting in changes in the detected fluorescence intensity.

4. Organic dye doped inorganic solid complex as calibration material:

- US patent US2003/0015668 discloses a method to deposit an extremely thin layer
of Cy3, CyS5 or other fluorescent dye doped glass by evaporation or sol-gel process on a
non-fluorescent support and strengthened by baking at a relatively low temperature. But
as the fluorescing material is again organic dye, simply encaged in inorganic matrix
doesn’t improve its photostability.
s, Inorganic ion doped inorganic solid complex as calibration material:

Matech Co. provides fluorescent reference standards for 96 well plate readers. Each
standard is made of a metal ion fluorophore doped in an inorganic glass host. The
ﬂuorescent ions used are Ce**, U%* and Eu’*. Comparison photobleaching data between
the rare-earth doped glass, rhodamine B and fluorescein in PMMA have been taken.
During weeks of exposure to high intensity excitation light, both organic dyes show
significant photobleaching, whereas the rare-earth doped glass shows little. However, the

manufactory method restricts its application in calibration with fine structures for

microarray scanners.

Disclosure of the Invention

The aim of this invention is to disclose calibration slides with high photostability
and long shelf life for fluorescence detection instruments and process of making them.

The present invention relates to calibration slides for calibration of fluorescence
microarray scanners, Which are fabricated by patterning calibration spot arrays of
modified inorganic phosphors on the glass slide with the help of surfactants. The
calibration slides in the present invention use rare-earth ions doped complex materials
that is insensitive to photobleaching, possessing long lifetime and stability.

Preferably, the phosphor comprises a phosphor host and one or two other rare-earth
ions with special luminescence properties. Any suitable phosphor host, e.g., yttrium,
lanthanum or gadolinium, can be used in the present phosphor. Any suitable rare-earth

ions, e.g., ytterbium, erbium, holmium, terbium or thulium, can be used in the present
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phosphor. In a specific embodiment, rare-earth ions doped phosphor has a formula of
CaS:Eu, NaYF4:Yb:M, NaYF4:M, NaYbF4:M and so on, where M=Tm, Er, Ho. The
above complexes may be synthesized by precipitation or hydrothermal method and
followed by annealed at high temperature.

The processing method of producing calibration slides may include more of the
following: |
1) Dispersing the rare-earth ions doped phosphor in water;

2) Patterning the array of the above suspension on the glass slide.

In one aspect, the inorganic phosphors are modified to improve their dispersing
ability in water. Usually, inorganic materials could be coated with a transparent layer, e.g.,
a polystyrene layer, a SiO, layer. The transparent SiO; layer may be formed by hydrolysis
of silane with the catalysis of acid or alkali. Any suitable silanization reagent can be used
in  the present  processes, e.g., tetraethyl orthosilicate (TEOS),
3-aminopropyliriethoxysilane, 3-epoxypropyltriethoxysilane, 3-thiopropyltriethoxysilane.
After the surface modification, inorganic phosphors show greatly enhanced hydrophilicity
and dispersibility compared to uncoated materials. |

In another aspect, surfactants or dispersants are employed to help the coated
inorganic phosphors disperse evenly in aqueous suspensions. Preferably, surfactants may
be polymeric dispersant. Any suitable one or mixture of the surfactants, e.g., Tween-20,
Triton-100, sddium lauryl sulfate (SLS), polyethylene glycol (PEG) 2000, PEG 4000,
PEG 6000, PEG 8000, PEG 10000, PEG 20000, polyvinyl alcohol (PVA), polyethylene
imine (PEI), sodium polyacrylate (PAA) can be used in the suspension of the inorganic
phosphors. The quantity of said surfactants may be 0.1%~10%, more preferably 0.1-5%.

In another aspect, any suitable spotting agent, e.g., dimethyl sulfoxide (DMSO) or
glycerol is added in said suspension of inorganic phosphors. The calibration slide may be
prepared by the following methods: calibration spot arrays of said inorganic phosphors
are patterned on glass slide by microarray contact printer or by spin coating and screen
printing techniques. The diameter of calibration spots is in the range of 100~500 um,
more preferably 120~300 um.

The slides used in this invention with the dimension of 75.6 mm x 25 mmx 1 mm is

a standard microscope glass slide, which may be unmodified or modified. Said glass slide
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is modified by chemical method, i.e. amino-modified slide, aldehyde-modified slide,
epoxy-modified slide, thiol-modified slide or polymer film modified slide, i.e. PVA film,
agarose film, or the mixing of PVA and agarose film.

A very thin layer can be deposited on the slide surface to protect the calibration
spots of said inorganic phosphors. The embodiments of this aspect may be a transparent
thin film of polydimethylsiloxane (PDMS) or PVA with low fluorescence background.
The thickness of the film is less than 50 pm.

Brief Description of the Drawings

Figure 1 depicts the construction structures of two calibration slides. Figure 1A
illustrates protecting polymer layer deposited on the calibration array on the glass slide.
Figure 1B illustrates the calibration array prepared on the glass slide modified with
polymer film. Object 1 is a glass substrate slide; 2 is calibration array of inorganic
phosphors; 3 is surface protecting layer; 4 is a polymer film.

Figure 2 illustrates the fluorescence scanning image of calibration slide fabricated
by Tm doped SiO; complex.

Figure 3 illustrates the fluorescence scanning image of calibration slide prepared by
the processing method described in Example 5.

Figure 4 shows the photostability comparison data between NaYF,:Yb:Tm complex
and Cy3 dye.

Figure 5 illustrates the fluorescence scanning image of calibration slide for
geometric marking prepared by the processing method described in Example 7.

Figure 6 illustrates the fluorescence scanning image of calibration slide with spots
of different intensity levels prepared by the processing method described in Example 8.

Figure 7 illustrates the fluorescence scanning image of calibration slide with PVA
protection film on the surface prepared by the processing method described in Example 9.

Figure 8 illustrates the fluorescence scanning image of calibration slide in Cy3 and
Cy5 channels prepared by the processing method described in Example 10.

Figure 9 illustrates the fluorescence scanning image of calibration slide prepared by

the processing method described in Example 11.
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Examples

Example 1: Preparation of calibration slides using rare-earth-SiO, complex as

fluorescing material

1. Preparation of rare-earth-SiO, complex

An aliquot of 2.2ml of TEOS and 0.58 ml of anhydrous alcohol was mixed together
and magnetically stirred in a 25 ml Erlenmeryer flask. Into the mixture, deionized water
and 0.36 ml of 0.15 M hydrochloric acid aqueous solution was added dropwise to
promote hydrolysis of TEOS. After reaction for 2 hours, a quantity of 10 ml of thulium
chloride (TmCls) solution was added. The gel was aged for 12 hours at room temperature.
Tm-SiO, complex was obtained after drying.

Four milligrams of the above said Tm-SiO, rare-earth inorganic complex were
added to 100 pL of 4% PVA aqueous solution. The mixture was sonicated till the
particles were well dispersed and used as printing sample. GeneMachine Contact Arrayer
was used to print the printing sample onto the surface of a clean microscope slide to
produce the calibration slides.

The slide was scanned at Cy3 channel using a ScanArray 4000 biochip scanner. The

fluorescence scanning image is shown in Fig.2.

Example 2: Preparation of calibration slides using rare-earth complex

NaYF,:Yb:Tm as fluorescing material

1. Preparation of NaYF4:Yb:Tm rare-earth complex

A sodium fluoride (NaF) solution was prepared by dissolving 2.1 g of NaF in 80 ml
of deionized water. Solutions of 20 ml of 0.2 M Yttrium chloride (YCls), 6 ml of 0.2 M
ytterbium chloride (YbCls) and 3 ml of 0.2 M TmCl; were injected into the NaF solution.
The mixture was stirred vigorously for 1 h at room temperature. The obtained precipitate
was centrifuged at 4000 rpm, washed three times with deionized water, and dried at 60°C.
The white powder of rare-earth complex was obtained after annealed at 400°C for 5 h
under nitrogen protection.

2. Preparation of calibration slide

The above said rare-earth complex was added to 10% Tween-20 aqueous solution.
The calibration slides on clean glass slides were obtained following the same protocol as

mentioned in Example 1.
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Example 3: Preparation of calibration slides using rare-earth complex NaYF4:Tm as

fluorescing material

1. Preparation of NaYF4:Tm rare-earth complex

A NaF solution was prepared by dissolving 2.1 g of NaF in 80 ml of deionized
water. Solutions of 20 ml of 0.2 M YCl; and 3 ml of 0.2 M TmCl; were injected into the
NaF solution. The mixture was stirred vigorously for 1 h at room temperature. The
obtained precipitate was centrifuged at 4000 rpm, washed three times with deionized
water, and dried at 60°C. The white powder of rare-earth complex was obtained after
annealed at 400°C for 5 h under nitrogen protection.

2. Preparation of aldehyde-modified slide

Five microscope slides were immersed in chromic acid solution (8 g KoCr,07+ 5
ml H,0 + 95 ml concentrated sulfuric acid) and cleaned thoroughly with Milli Q water.
The slides were then immersed in 40 ml of 1% 3-aminopropy! triethoxysilane (APTES)
ethanol solution for silanization. The reaction was continued for 1 h with rotation at 100
rpm to get amino-modified slides. The thus obtained amino-slides were then reacted with
8% glutaraldehyde aqueous solution for 1 h with rotation to get aldehyde-modified slides.

3. Preparation of calibration slides

The above said rare-earth rare-earth complex was added to 0.1% Triton-100
aqueous solution. The calibration slides on aldehyde-modified slides were obtained
following the same protocol as specified in Example 1.

Example 4: Preparation of calibration slides using rare-earth complex

NaYF,:Yb:Tm as fluorescing material

1. Preparation of NaYF4:Yb:Tm rare-earth complex using hydrothermal method

A NaF solution was prepared by dissolving 2.1 g of NaF in 80 ml of deionized
water. Solutions of 20 ml of 0.2 M YCls, 6 ml of 0.2 M YbClzand 3 ml of 0.2 M TmCl;
were injected into the NaF solution. The mixture was stirred vigorously for 1 h at room
temperature and then transferred to the hydrothermal reactor to continue to react for 2 h at
160°C. The obtained precipitate was centrifuged at 4000 rpm, washed three times with
deionized water, and dried at 60°C. The white powder of rare-earth inorganic particles
was obtained after annealed at 400°C for 5 h under nitrogen protection.

2. Preparation of thiol-modified slides

Five microscope slides were immersed in chromic acid solution and cleaned
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thoroughly with Milli Q water. The slides were then immersed in 40 ml of 1%
3-mercaptopropyl trimethoxysilane (MTPS) ethanol solution for silanization. The
reaction was continued for 1 h with rotation at 100 rpm to get thiol-modified slides.

3. Preparation of calibration slide

The above said rare-earth complex was added to aqueous solution containing 5%
PEG 2000 and 5% PEIL The calibration slides on thiol-modified slides were obtained
following the same protocol as specified in Example 1.

Example 5: Preparation of calibration slides using rare-earth complex

NaYF,:Yb:Tm as fluorescing material

1. Preparation of NaYF: Yb:Tm rare-earth complex

A NaF solution was prepared by dissolving 2.1 g of NaF in 80 ml of deionized
water. Solutions of 20 ml of 0.2 M YCl;, 6 ml of 0.2 M YbCl; and 3 ml of 0.2 M TmCl;
were added into 20 ml of 0.2 M ethylenediamine tetraacetic acid sodium salt (EDTA-Nay)
aqueous solution and mixed thoroughly. The mixture was then quickly injected into the
NaF solution and stirred vigorously for 1 h at room temperature. The obtained precipitate
was centrifuged at 4000 rpm, washed three times with deionized water, and dried at 60°C.
The white powder of rare-earth complex was obtained after annealed at 400°C for 5 h
undér nitrogen protection.

2. SiO; coating of the rare-earth complex

An aliquot of 10 ml of isopropanol containing 40 mg of rare-earth complex was
sonicated thoroughly, until a homogenous colloid-like suspension was obtained. Small
amount of large-sized particles settled down at the bottom, and were discarded.

Approximately 40 ml of isopropanol was added to a 100 ml Erlenmeryer flask. It
was magnetically stirred and annealed to 40°C in an oil bath. The colloid-like
homogenous rare-earth complex suspension was then added into the flask, with
subsequent addition of 12 ml of deionized water and 20 ml of 25% ammonium hydroxide.
The flask was then sealed. After the mixture was stirred for 10 min, 1ml of TEOS was
added into the flask and the reaction was kept on for 1 h. The mixture was transferred to
centrifuge tubes and centrifuged at 4000 rpm. The supernatant was discarded and the
pellet washed four times with deionized water. The resulting white powder was dried in
oven at 60°C.

3. Preparation of amine-modified slide.
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Five microscope slides were immersed in chromic acid solution and cleaned
thoroughly with Milli Q water. The slides were then immersed in 40 ml of 1% APTES
ethanol solution for silanization. The reaction was continued for 1 h with rotation at 100
rpm to get amine-modified slides. |

3. Preparation of calibration slide

The above said rare-earth complex was added to aqueous solution containing 4%
PEG 2000 and 30% DMSO. The calibration slides on amine-modified slides were
obtained using Cartesian Microarray Spotter. The slides were scanned at Cy3 channel
using a ScanArray 4000 biochip scanner. The fluorescence scanning image is shown in
Fig.3.

The photostability of the calibration spots made by the above rare-earth complex
was compared with that of the fluorescent spots made by Cy3 dye purchased from
Amersham Pharmacia. Both spots were exposed to 110 mW 532 nm laser. The
fluorescent intensity of both spots was collected every five minutes. The result of the
comparison is depicted in Fig.4, which shows the rare-earth complex possesses superior
photostability than Cy3 dye.

4. Preparation of PDMS protection film on calibration slide

Two components: Base and curing agent of Sylgard 184 provided by Dow Corning
Co. Lid were mixed at 10:1 (volume/volume) ratio and stirred thoroughly. The mixture
was diluted by n-hexane. The protection film was prepared to fix the calibration spots on
said slide surface by spin coating. The protection film was transparent, the thickness of

which is about 40 um.

Example 6: Preparation of calibration slides using rare-carth complex NaYF,:Tm as

fluorescing material

1. Preparation of NaYF,4:Tm complex material using hydrothermal method

A NaF solution was prepared by dissolving 2.1 g of NaF in 80 ml of deionized
water. Solutions of 20 ml of 0.2 M YCls and 3 ml of 0.2 M TuiCl; were injected into the
NaF solution. The mixture was stirred vigorously for 30 min at room temperature. The
suspension was transferred to the hydrothermal reactor and stained for 2h at 160°C. The
obtained precipitates were centrifuged at 4000rpm, washed three times with de-ionized
water, and dried at 60°C. The white powder of rare-earth fluorescent complexes was

obtained after annealed at 400°C for 5 h under nitrogen protection.
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2. Surface aminization of NaYF4: Tm complex
The above prepared NaYF4:Tm complex was coated with SiO, following the

same preparation method as shown in Example 5. Four hundred milligrams of the SiO,
coated NaYF4:Tm complex was added into the flask and sonicated for 1 h. A quantity of
0.07 mmol (1.2ml) of APTES was then added into the reaction system and the suspension
was stirred for an additional 3 h. The mixture was transferred to centrifuge tubes and
centrifuged at 12,000 rpm. The supernatant was discarded and pellet washed twice with
deionized water. The resulting white powder was dried in oven at 60°C.

3. Preparation of epoxy-modified slide

Five microscope slides were immersed in chromic acid solution and cleaned
thoroughly with Milli Q water. The slides were then immersed in 40 ml of 1%
3-glycidoxypropyl trimethoxysilane (GPTS) ethanol solution for silanization. The
reaction was continued for 1 h with rotation at 100 rpm to get epoxy-modified slides.

4. Preparation of calibration slides

The above said rare-earth fluorescent complex was added to aqueous solution
containing 2% SLS and 3% PAA. The calibration slides on epoxy-modified slides were
obtained following the same protocol as specified in Example 1.

Example 7: Preparation of calibration slides for marking of scanning area

The rare-earth complex prepared in Example 5 was dispersed with sonication in
aqueous solution containing 4% PEG 8000 and 30% DMSO and used as printing sample
to print on amine-modified glass slides using GeneMachine Arrayer. The fluorescence
scanning image was obtained using a ScanArray 4000 biochip scanner at Cy3 channel
and is shown in Fig. 5. This slide can be used for marking scanﬁing area of microarray
chips.

Example 8: Preparation of calibration slides with different fluorescence intensity

levels

The rare-earth complex prepared in Example 5 was dispersed with sonication in
aqueous solution containing 30% DMSO and 5% glycerol to get a stock suspension. The
final solid content of the suspension was kept at 12%. The stock suspension was then
diluted stepwise to suspensions with solid contents of 9%, 6.75%, 5.06%, 3.8%, 2.85%,
2.14%, 1.6%, 1.2%, 0.9% and 0.68%, respectively. All suspensions were sonicated and

then used as printing samples. Three identical arrays were printed using Catesian

10
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Microarray Spotter with a ¢110 pum steel pin on an aldehyde-modified slide. The
fluorescence scanning image at Cy3 channel is shown in Fig. 6. The first row are printed
spots with solid content of 12%, and the second till twelfth row correspond to printed
spots with solid content of 0.68% + 0.9%-. 1.2% 1.6% 2.14% . 2.85% . 3.8% 5.06%.
6.75%- 9%~ 12%, respectively.

Example 9: Preparation of calibration slides with polyvinylalcohol protection layer

In order to prevent calibration spots from dfopping off the glass slide surface, PVA
protection layer was constructed. The calibration slide was dipped into 0.2% PVA
aqueous solution for several seconds, taken out, and let dry. The fluorescence scanning
image at Cy3 channel was obtained using a ScanArray 4000 biochip scanner and was
shown in Fig. 6. The PVA protection layer guarantees the intact of the calibration spots
during everyday usage and doesn’t change their fluorescence emission intensity, nor the
homogeneity, as shown by the comparison of scanning images in Fig. 6 and Fig. 7.

Example 10: Preparation of calibration slides using CaS:Eu as fluorescing material

1. Synthesis of CaS:Eu complex

Fu,03; was dissolved in concentrated nitric acid with magnetic stirring and heating.
Excess nitric acid was evaporated. The obtained Eu(NO3); solution was diluted with
ethanol and mixed with CaCl, ethanol solution before use.

Two hundred milliliters of Na,S ethanol solution was added into a three-neck flask
and vigorously stirred under nitrogen protection. Fifty milliliters of Eu(NOj3)3/CaCl,
mixture solution was quickly injected into the Na,S solution. The mixture was stirred
vigorously for 1 h at room temperature. The obtained precipitate was centrifuged at 4000
rpm, washed five times with deionized water, and dried at 60°C overnight. The pink
powder of rare-earth inorganic particles was obtained after annealed at 700°C for 3 h
under nitrogen protection.

2. Preparation of CaS:Eu calibration slide

CaS:Eu sample was suspended in 1% PEG 8000 aqueous solution, and printed onto
a clean microscope slide using GeneMachine Arrayer. The fluorescence scanning images
taken at both Cy3 and Cy5 channels were obtained using a ScanArray 4000 biochip

scanner and are shown in Fig. 8.

Example 11: Preparation of calibration slides using PVA film modified slides as

11
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substrates
1. Preparation of a PVA film modified slide
A spin coater was used to spin 2% PVA (M,~80,000) aqueous solution onto a
clean glass slide surface. The slide was air dried at room temperature.
2. Preparation of the calibration slide
Si0, coated rare-earth complex obtained in Example 5 was suspended in aqueous
solution containing 10% glycerol and 1% PEG 8000. Calibration slide was obtained
following method shown in Example 7 on a PVA film modified slide. The fluorescence
scanning image at Cy3 channel is shown in Fig. 11.
Example 12: Preparation of calibration slides using agarose film modified slides as
substrates.
1. Preparation of an agarose film modified slide
A spin coater was use to spin 1% agarose aqueous solution onto a clean glass slide
surface. The slide was air dried at room terﬁperatme.
2. Preparation of a calibration slide
SiO, coated rare-earth particles obtained in Example 5 were suspended in aqueous
solution containing 10% glycerol and 1% PEG 20000. Calibration slide was obtained
following method shown in Example 7 on an agarose film modified slide.

Example 13: Preparation of calibration slides using PVA-agarose complex film

modified slides as substrates

1. Preparation of a PV A-agarose complex film modified slide

A spin coater was used to spin aqueous solution containing 2% PVA and 1%
agarose onto a clean glass slide surface. The slide was air dried at room temperature.

2. Surface coating of rare-earth complex with polystyrene

One hundred milligram of inorganic rare earth complex obtained in Example 6 was
added into three-neck flask containing 20 ml of toluene, followed by addition of 0.1 g of
SDS and sonicated for 0.5 h. Fifty milligram of benzoyl peroxide, 0.5 ml of styrene and
0.3 ml of divinylbenzene were then added. The reaction system was pulsed with nitrogen,
mixed with a steel stirrer for 15 minutes and annealed with an oil bath. The mixture was
kept at 80°C and stirred slowly overnight. The three-neck flask was first cooled down to
room temperature and supernatant discarded. The precipitate was collected in a centrifuge

tube and centrifuged at 1000 rpm, washed with ethanol, then deionized water, and dried

12
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at 60°C.

3. Preparation of the calibration slide

Polystyrene coated rare-earth complex was suspended in aqueous solution
containing 10% glycerol and 1% PEG 6000, and printed on the surface of a PVA-agarose
complex film modified slide, following the method specified in Example 7. The slide was
annealed at 50°C for 7 days and the calibration slide was obtained.

Example 14: Preparation of calibration slide using rare-earth complex NaYbF4:Tm

as fluorescing material

1. Preparation of NaYbF,:Tm rare-earth complex

A NaF solution was prepared by dissolving 2.1 g of NaF in 80 ml of deionized
water. Solutions of 6 ml of 0.2 M YbCls and 3 ml of 0.2 M TmCl; were injected into the
NaF solution. The mixture was stirred vigorously for 1 h at room temperature. The
obtained precipitate was centrifuged at 4000 rpm, washed three times with deionized
water, and dried at 60°C. The white powder of NaYbF4:Tm complex was obtained aftér
annealed at 400°C for 5 h under nitrogen protection.

2. Preparation of a calibration slide

The above said rare-earth complex was coated with SiO, following the method
specified in Example 5 and was suspended in aqueous solution containing 1% PVA and
4% PEG 2000. A spin coater was used to spin the suspension on a clean glass slide
surface. The slide was air-dried with a thickness of surface coating of about 20 pm.
Screen printable polymeric composition (e.g. Dupont 5036 paste) was used to screen
print the spin-coated surface. After polymerization at 80°C for 20 minutes, calibration
arrays with identical ¢ 500 um spots were obtained.

Example 15: Preparation of calibration slide using rare-earth complex

NaYF,:Yb:Er as fluorescing material

1. Preparation of NaYF4:Yb:Er rare-earth complex

A NaF solution was prepared by dissolving 2.1 g of NaF in 80 ml of deionized
water. Solutions of 20 ml of 0.2 M YCls, 6 ml of 0.2 M YbCl; and 3 ml of 0.2 M ErCls
were injected into the NaF solution. The mixture was stirred vigorously for 1 h at room
temperature. The obtained precipitate was centrifuged, washed three times with deionized

water, and dried at 60°C. The white powder of NaYF4:Yb:Er complex was obtained after
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annealed at 400°C for 5 h under nitrogen protection.

2. Preparation of a calibration slide

The above complex material was coated with SiO, following the method specified
in Example 5. The coated sample was suspended in aqueous solution containing 4% PEG
2000 and 30% DMSO and printed on amine-modified surface using a Cartesian
Microarray Spotter to get the calibration slide.

Example 16: Preparation of calibration slide using NaYF4:Yb:Ho rare-earth

complex as fluorescing material

1. Preparation of NaYR;:Yb:Ho rare-earth complex

A NaF solution was prepared by dissolving 2.1 g of NaF in 80 ml of deionized
water. Solutions of 20 ml of 0.2 M YCls, 6 ml of 0.2 M YbClzand 3 ml of 0.2 M HoCl;
were injected into the NaF solution. The mixture was stirred vigorously for 1 h at room
temperature. The obtained precipitate was centrifuged, washed three times with deionized
water, and dried at 60°C. The white powder of NaYF4:Yb: Ho complex was obtained
after annealed at 400°C for 5 h under nitrogen protection.

2. Preparation of calibration slide

The above said rare-earth complex material was coated by SiO, and suspended in
aqueous solution containing 4% PEG 2000 and 30% DMSO. The calibration slide was
obtained by printing the suspended sample on amino-modified slide using a Cartesian

Microarray Spotter.

The above examples are included for illustrative purposes only and are not
intended to limit the scope of the invention. Many variations to those described above
are possible. Since modifications and variations to the examples described above will
be apparent to those of skill in this art, it is intended that this invention be limited only by

the scope of the appended claims.
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CLAIMS

1. A calibration slide for fluorescent instruments comprises a microarray of the
inorganic phosphors on a glass slide; said inorganic phosphors include rare-earth metal
multiplex materials.

2. The calibration slide of claim 1, wherein said rare-earth metal multiplex
materials can be rare-ecarth ion doped phosphors having the formula of CaS:Eu,
NaYF4:Yb:M, NaYF4:M, NaYbF4:M, said M is Tm, Er or Ho.

3. The calibration slide of claim lor 2, wherein said rare-earth ion doped phosphor
is coated with polymer or inorganic layer.

4. The calibration slide of claim 3, wherein said polymer layer includes polystyrene
and said inorganic layer includes SiO;.

5. The calibration slides of claim lor 2, wherein said glass slides include
unmodified glass slide or modified glass slide by chemical method or by polymer film
modification.

6. The calibration slides of claim 5, wherein said glass slides modified by chemical
method include amine-modified slide, aldehyde-modified slide, epoxy-modified slide,
thiol-modified slide; wherein said glass slides modified by polymer film modification
includes PVA film, agarose film and PV A-agarose complex film modification.

7. The calibration slides of claim lor 2, wherein said calibration slides consist a
protecting layer deposited on the surface.

8. The calibration slides of claim 7, wherein said protecting surface layer includes
PDMS and PVA.

9. The calibration slides of claim 1, wherein the processing method for producing a
calibration slide compﬁse the following procedure:

1) Dispersing the inorganic phosphors of rare-earth metal multiplex materials in

water;

2) Patterning the array of the above suspension on the glass slide.

10. The processing method of claim 9, wherein said inorganic phosphors of
rare-earth doped complex are one or mixture of CaS:Eu, NaYF4:Yb:M, NaYFsM,
NaYbF4:M, said M is Tm, Er or Ho.

11. The processing method of claim 9 or 10, wherein said inorganic phosphors are

modified with surface layer of polymer or inorganic materials.
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12. The processing method of claim 9 or 10, wherein said suspension has a
surfactant or polymer dispersant with the quantity of 0.1-10%.

13. The processing method of claim 12, wherein said quantity of the surfactant or
polymer dispersant is 0.1-5%. '

14. The processing method of claim 13, wherein said surfactant is one or mixture of
Tween-20, Triton-100, SDS; wherein said polymer dispersant is one or mixture of PEG
2000, PEG 4000, PEG 6000, PEG 8000, PEG 10000, PEG 20000, PVA, PEI, PAA.

15. The processing method of claim 9 or 10, wherein said suspension include
DMSO or glycerol.

16. The processing method of claim 9 or 10, wherein said glass slides include
unmodified glass slide or modified glass slide by chemical method or by polymer film
modification.

17. The processing method of claim 16, wherein said glass slides modified by
chemical method include amine-modified slide, aldehyde-modified slide, epoxy-modiﬁed
slide, thiol-modified slide; wherein said glass slides modified by polymer film
modification include PVA film, agarose film and PVA-agarose complex film
modification.

18. The processing method of claim 9 or 10, wherein said patterning array of the
inorganic phosphors on the glass slide include the method of microarray printing, spin
coating and screen printing techniques.

19. The processing method of claim 9 or 10, wherein said calibration slide is
covered with a surface layer.

20. The processing method of claim 19, wherein said surface layer include PDMS

film or PVA film.

16



WO 2006/007766 PCT/CN2004/001328

3 protection film

%-%-%-%-% 2 inorganic phosphors

1 glass substrate

Fig.1 A
), ) 7 U 7, 2 inorganic phosphors
4 polymer film
1 glass substrate
Fig.1B

L3
L
&

w" B w B
T EEEREEEREE
B B B S 5 F D B

13



WO 2006/007766

(‘") AJISUIJUT JUIISdION] ]

PCT/CN2004/001328

100-

50-

150-
%\g)]‘D\D_D—D—D'-D—D—D-D-D—D—D—D—[

— U= NaYF.;:Yb:Tm
—o—Cy3

owg,
O~ 0=0mOm~

&
*
L
-
-
W

10 20 30 40 50 60 70 80
Laser Exposure Time/min

Fig. 4

2/3



WO 2006/007766

E

PCT/CN2004/001328

Fig. 7

"TXELE,
ERBEIN
BEBRES
ERGEES
PERERR
LEE RS

Cy3 Channel Cy5 Channel

Fig. 8

Cy3 Channel Cy5 Channel

Fig. 9

3/3



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2004/001328

A. CLASSIFICATION OF SUBJECT MATTER

IPC’: GOIN21/64
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

IPC’:

Minimum documentation searched (classification system followed by classification symbols)

G01J,GOIN21

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Chinese patents(1985~)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

WPI, EPODOC, PAJ, CNPAT : alignment,calibration,fluorescent,phosphors,microarray,slide

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

document

P

A IWO,A1,02077620(CLONDIAG CHIP TECHNOLOGIES
GMBH)03.0¢t.2002(03.10.2002), the whole document

US,A1,20030049866(Bushway et al.)13.Mar.2003(13.03.2003) ,the whole

US,B1,6472671(Montagu)29.0¢t.2002(29.10.2002) , the whole document
US,A1,20030015668(Montagu)23.Jan.2003(23.01.2003) , the whole document

US,A1,20030057379(Montagu)27.Mar.2003(27.03.2003) , the whole document

1-20

1-20

1-20

1-20

1-20

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not
considered to be of particular relevance

“E” earlier application or patent but published on or after the
international filing date

“L”  document which may throw doubts on priority claim (S) or,
which is cited to establish the publication date of another
citation or other special reason (as specified)

“0” document referring to an oral disclosure, use, exhibition or
other means

“P” document published prior to the international filing date

but later than the priority date claimed

“T” later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the

invention

“X” document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to involve
an inventive step when the document is taken alone

“Y” document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such
documents, such combination being obvious to a person

skilled in the art

“& ”document member of the same patent family

Date of the actual completion of the international search

16. May 2005 (16. 05. 2005)

Date of mailing of the international search report

[Name and mailing address of the ISA/CN

(The State Intellectual Property Office, the P.R.China

6 Xitucheng Rd., Jimen Bridge, Haidian District, Beijing, China
100088

Facsimile No. 86-10-62019451

00 - TiN200509-06-200D

Authorized officer L B “

%

Telephone No. 86-10-6

Form PCT/ISA /210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT International application No.

PCT/CN2004/001328

C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US,A1,20030105195(Holcomb et al.)05.Jun.2003(05.06.2003) , the whole 1-20
document
A WO0,A1,02055997(KAROLINSKA INNOVATIONS 1-20
AB)18.Jul.2002(18.07.2002), the whole document
A US,B1,6471916(Noblett)29.0ct.2002(29.10.2002) , the whole document 1-20

Form PCT/ISA /210 (continuation of second sheet ) (April 2005)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/CN2004/001328

Patent Documents referred

in the Report Publication Date Patent Family Publication Date
WO,A1,02077620 03.10.2002 CA,A 2441437 03.10.2002
DE,A,10200865 10.10.2002
EP,A,1373870 02.01.2004
JP, 12004529339 24.09.2004
US,A,2004196455 07.10.2004
US,A1,20030049866 13.03.2003 NONE
US,B1,6472671 29.10.2002 CA,A,2399627 16.08.2001
WO,A,0159503 16.08.2001
EP,A,1254392 06.11.2002
US,A,2003015668 23.01.2003
US,A,2003057379 27.03.2003
JP,T,2003522973 29.07.2003
US,A1,20030015668 23.01.2003 NONE
US,A1,20030057379 27.03.2003 NONE
US,A1,20030105195 05.06.2003 NONE
WO0,A1,02055997 18.07.2002 US,A,2003054181 20.03.2003
US,B1,6471916 29.10.2002 CA,A,2390651 17.05.2001
WO,A,0135074 17.05.2001
EP,A,1228354 07.08.2002

Form PCT/ISA /210 (patent family annex) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

