Fluorous Immobilization
for
Microarray Formation

@ E UOROUS  ThermoFisher

Technologies Incorporated SCIENTIFIC




Microarray Applications .. .A General Overview

Genomic Arrays

. Comparative Genomic
Hybridization

. Gene Expression Profiling

Protein Arrays

. Protein - protein interactions
. DNA - protein interaction

. Small molecule screening

. Enzyme-substrate analysis

. Reverse Phase Arrays

. Cell lysates

Antibody Arrays

. Protein profiling

. Antibody characterization

. Quantitative Multiplexed ELISA
. Sandwich arrays

Non Biological

. Chemical pedestals

. Microfluidics

. Precise sub-nanoliter deposition
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Image courtesy of Dr. Gavin MacBeath,
Bauer Center for Genomics Research,
Harvard University



Surface Chemistries Available Through
Thermo Scientific or Fluorous Technologies:

Poly-L-Lysine, Aminosilane,
Aldehyde Silane, Epoxysilane

3-D Gels (for protein work) available for
beta-testing

Fluorous-coated slides for small molecules,
peptides, carbohydrate, protein arrays, etc

High sensitivity BioBright™ Slides for
improved detection of low expression
molecules (produces 10-20X increased
signal:noise) available for beta-testing



ERIE microarray

Microarray Dept.

3150 Sqft

With 800 Sqft
Cleanroom




Microarray Products and Accessories from Thermo Scientific

mBox with handle
for processing

Novel and Custom Surfaces Available Upon Request
Complimentary Samples provided



f®FLUOROUS Presentation Outline

l. Introduction to Fluorous Techniques and Chemistry
ll. Early Fluorous Based Immobilization

lll. Fluorous Microarray: Initial Report

IV. Properties of Fluorous Slides

V. Applications of Fluorous Microarrays

VI. Benefits



f®FLuonous What is Fluorous Technology?

* Fluorous chemistry is a novel tagging ¢ '.'
technology that separates desired oW
molecules from complex mixtures. w 0°¢ ¢

o0 AO

» Fluorous tagged molecules can be
separated from non-fluorous & PPN

molecules exploiting fluorophilicity. - .' Ao

 Molecules can be rendered fluorous
by the attachment of perfluorocarbon
domalns. Non-fluorous Fluorous
o o0

0
» Fluorous techniques are marked by Yects o

high selectivity, low reactivity, and
exceptional breadth

>

fluorous-modified surface7<o g




PO iR Examples of Fluorous Molecules

Compounds with permanent fluorinated domains (e.g. reagents):

PPh, —VERSUS- Php— H— -
6 13
@Reagent

Substrate > Product + @_By-product

Compounds with temporary fluorous tags (e.g. substrates):
H H
o.__N._COH o._N._COH
>< \Ig \(Ph -~ VERSUS-- F.o 8/\>< \[c])/ \(Ph

reagent
—Substrate —— ~—Product + By-product



pOruoROLS Fluorous Separation Methods
» Liquid-Liquid Extraction 12 e
. “Heavy” fluorous technique ‘”ga”‘;f ]

« Generally requires large F content, ~60%

= Fluorous Solid Phase Extraction (F-SPE)
- “Light” fluorous technique
« Separates fluorous from non-fluorous

= No fluorous solvents used

= Fluorous Chromatography (F-HPLC)

- Separates fluorous from fluorous MJM
. More fluorous = Greater retention —-=
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% CH,CN in H,0
with 0.1% TFA

% MeOH in H,0

Fluorous Tags vs

RP-HPLC

2 4 6 8 10

Time (min)

F-HPLC

2 4 6 8 10

Time (min)

. Hydrophobic Tags

C,H,, tag

C.,H,C,F,, tag

no tag

Tagged amino acids are Ser,
Glu, Phe, and Trp.

The untagged controls were
galactosyl pentaacetate, (Boc-
Cys-OH),, and PPhs.

Fluorous compounds are hydrophobic and lipophobic.



» FLUOROUS Fluorous Specificity and Selectivity

Tryptic digest of soluble portion of PV stim
Jurkat TP + 2 spiked fluorous peptides

Flow-through

gLS*SGVSEIR

Recovered

750 1000 1250 1500 1750 2000 2250 2500 2750 3000

Highly selective fluorous purification of complex peptide mixture

Brittain, S.M.; Ficcaro, S.B.; Brock, A.; Peters, E.C. Nature Biotech. 2005, 23, 463.
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Fluorous-Based Synthesis and Purification
« Small Molecule Libraries (Zhang, W. Tetrahedron, 2003, 59, 4475)

H C.F
C8F17 N\N J/ 8 17
Cl . j \ I S RA™
NZ C4F ,CH,CH,SH CF, > 0  gix NYN
P | - N7 | s | FSPE N
ClI” °N )\\ FSPE /N7 N N
cl” N N CF3§_\/
major CF;

» Synthetic Oligonucleotides (Pearson, W.H. et al, J. Org. Chem. 2005, 70,

7114))
FDMTO BasePC
o} FDMTO_ 5' Base
0]
OH 5' RO\FI’/O 0. O 1) Fluoro-Pak™
' P Col
.l NR' © o orumn desired
oligo > >
9 3 tvical Cl) 2) on-column oligonucleotide
using typica . .
6 solid-phase synthesis oligo detritylation w/TFA
chemistry; |
cleave/deprotect OH 3

+ non-tagged impurities
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Fluorous-Based Synthesis and Purification

» Peptide Synthesis (Overkleeft, van Boom, et al. Tetrahedron Letters 2003,
44, 9013-9016)

—
_> .
Add strategy-compatible Cleave from resin,
fluorous N - tag deprotect, then
FSPE

Capped
deletion
sequence

— —
MeOH Detag,
then SPE
[ BOOO0O00 CHHHH
+ cleavage
Tagged product Clean product

cocktail

» Oligosaccharides (Miura, T.;lnazu, T. et al, J. Org. Chem. 2004, 69, 5348)

AcO _OAc
AcO
AcOQ CCl, AcO _OAc
T#-O :
OBfp acid HO~ o8 NH ACO\-0- ogfp
BfpO _— BfpO . c
foO Ero BfpO
P TMS-OTf BfpO
OMe OMe

OMe



Fluorous Separation and Immobilization
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Leverages fluorine’s unique
physical properties
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Fluorous-functionalized CHromatographic media

Novel mechanism
bioorthogonal to other
separation/ immobilization
technologies
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Allows diverse chemistry and
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PO ELUOROUS Fluorous Protein Immobilization

Amine
modification

v

<it,oj(yc,f17
o)
o)
# of fluorous n .
Enzyme OUDS Activity Solid fluorocarbon
Thrombin 4-5 70-80% Y
Cathepsin C 6-12 75-95%
Polynucleotide Immobilized protein suitable
phosphory|ase 13-17 76-82% for affinity Chromatography
a-Chymotrypsin 3-5 71-93%
Glucose oxidase 6-11 66-82%

Kobos, R.K.; Eveleigh, J. W.; Arentzen, R. Trends in Biotech. 1989, 7, 101.
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Fluorous Based Synthesis and Immobilization
Fluorous supported oligosaccharide synthesis

T Profactad carbohyadrats

0: builging Hock ?
OC=MNHIEC N, .
/—\ ( First report of:
) couple . . :
2) fiter « direct microarraying onto
Synthesiz Cycle

o homemade fluorous

CEFHJ @( C&Fj derivatized glass slides

eomrise ( » Use of same tag for

g]eﬁtuamu:n pmrﬂ:nﬂg growp . .
o 2 ﬂ synthesis, separation and
R Immobilization
9 9 ? Biological ?? ?
clenvatzed glass sids Screcning dematzad glass side
Fluorescence images of
Man (1D FleMAc(2) Cral (3 Fuc (4}

arrayed carbohydrates probed
with FITC labeled lectins

» Highly Specific

* Preservation of Activity
response

Ko, K.S.; Jaipuri, F.A.; Pohl, N.L. 3. Am. Chem. Soc., 2005, 127, 13162.




Ferels Features of Commercial Fluorous Modified Slides

Joint development of FTI and Thermo Fisher Scientific

Key Features
* Low, stable background fluorescence
— Less prone to change vs. APS

* High contact angle, extremely
hydrophobic surface

— 2x vs. APS or Epoxy
« Compact, consistent spot size

— ~35% smaller vs. APS 100° average contact angle (goniometer)
Pre-scan Background Avg Spot Size
> 1600 4.5
= 1400 ~ 24 — —
S 1200 S 35 = |
= E .
£ 1000 < L
. 800 - [
© I
£ 600 5‘) 25 —=—
@ 400 - 8 21 -
S 200 | 8 15 T
R | e .
FI Cy3 FL Cy5 APS Cy3 APS Cy5 Lg 0.5 1
Surface 0 | | |
Fl1 FI2 APS1 APS2 APS3
‘EI Initial Scans B 4.5 months old Coating
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Fluorous Small Molecule Microarrays
Work of Schreiber Group, Broad Institute
Initial evaluations using Fluorescent-tagged Streptavidin:

* Fluorous slides spotted with:
— F-tagged biotin-PEG and F-tagged biotin cadaverine
— Untagged biotin-PEG and biotin cadaverine (negative control)
— DMSO-only (negative control)

0]
0 hydrophilic linker )J\ hydrophobic linker

HN™ NH HN  NH

9] [ " — H H H
H 'H

0O - N~ ~N O CgFir
MO\/\O%\/ ?\/NJ\OXACSFH S |f| \n/ 7(\/
H 0 9 H O O
Fluorous Biotin-PEG Fluorous Biotin-Cadaverine
Results:

— Excellent, consistent binding and signal to noise

— No binding with negative controls

— Biotin-PEG performed better than biotin cadaverine (expected)
— 5-10 mM concentration gave excellent results

Vegas, A.J.; Bradner, J.E.; Tang, W.; McPherson, O.M.; Greenberg, E.F.;
Koehler, A.N.; Schreiber, S.L. Manuscript in preparation.
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Fluorous Small Molecule Microarrays

FK Binding Protein (FKBP) evaluations:

*Fluorous slides spotted with:
— F-tagged Holt ligand, known binder to FKBP
— Untagged Holt ligand (negative control)
— DMSO-only (negative control)
— Assayed using labeled antibody with purified FKBP or FKBP lysate

O
MeO O O

0] H O
0 NJ{ Fluorous Holt ligand
ﬂ 4 o
ar Wt JQ
H C8F17

Results:
— Excellent, consistent binding and signal to noise
— No binding with negative controls
— 1.25 - 5 mM concentration gave excellent results
— FKBP lysate gave excellent results with minimal non-specific binding

Vegas, A.J.; Bradner, J.E.; Tang, W.; McPherson, O.M.; Greenberg, E.F.;
Koehler, A.N.; Schreiber, S.L. Manuscript in preparation.
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Application of Fluorous Microarrays

hv
Examining a real world application
* Histone deacetylases (HDAC) are

well-known to cause tumor growth
and therefore attractive targets for
chemotherapy agents

Labeled Antibody

« Small molecule libraries of SAHA
analogs have been produced and
screened for HDAC inhibition

* Broad Institute researchers are
using an integrated fluorous
approach to synthesis, immobilize,

o
and analyze HDAC inhibitor S :
£k R
- - FF‘, o F\I}_}i\ FF F = .,
libraries. e L
E F FoN{ FOY F F. F
. ;B RE ; Y/ F EOHLLF
\ - ) L 3 b E oy E N
RS —;'\;i-— F > _\‘:‘:‘Z— = e N "iIF Fr AL
Fluorinated ! i i ?’s . o '
Glass sude/

Vegas, A.J.; Bradner, J.E.; Tang, W.; McPherson, O.M.; Greenberg, E.F_;
Koehler, A.N.; Schreiber, S.L. Unpublished results.
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Detection of Histone Deacetylase Binding

Fluorous Microarrays Demonstrate:
* Low, Uniform Background
« Excellent Signal to Noise
« Superior to any other surface they
have used, including APS
» Tight Features (~150 um diameter)

« Simplified workflows

* Low non-specific binding

 Single fluorous chain can immobilize
a small molecule-protein complex and
present a specific orientation

Vegas, A.J.; Bradner, J.E.; Tang, W.; McPherson, O.M.; Greenberg, E.F.;
Koehler, A.N.; Schreiber, S.L. Unpublished results.
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Potential Applications

Many additional classes of compounds now under investigation

 Oligonucleotides
* Protein arrays

* Peptides

* Antibodies



D FLUOROUS ' '
e e Fluorous Microarray Benefits
No blocking step fluorous-modified surface
o0 ~ Huorous ® /> Incubation
iImmobilization
._. > >
ow gy
Excellent spot morphology
(40% reduction in spot diameter)
High
* * signal-to-noise
Less washing steps p )k
. cer = Y
High sensitivit
A~ @ g y ° % @

»
»

I

Low non-specific binding * Low and uniform
allows use of cell lysates background fluorescence



ferueos Flyorous Microarrays of Non F-Tagged Content

Taking Advantage of Fluorous Benefits Using Existing Content

‘ ® fluorous-modified surface
X X B > ? ® ’) Incubation

Covalent
Attachment

v

- 05

*\Would allow microarray producers to use existing content to
produce fluorous microarrays

*Requires spot-on-spot spotting
 Acoustic drop ejection vs. pin spotting



poEuonous Fluorous Microarrays- A Simpler Alternative

6000 0 0 O Plating ©0 00 0 0 ©
6000 0 0 o ‘ ©0 00 0 0 ©
0000 0 0O g ©6 066 0600
0000 O O O OO0 O 0O 0 0 O
00 00 O 0O 06660 0 060
Daughter plate with
Mother plate with fluorous tagging reagent in

existing content each well

fluorous-modified surface
Fluorous
immobilization

ﬁig,*"l
;io # ,ifo\

*\Would allow microarray producers to use existing content to
produce fluorous microarrays and leverage workflow benefits

Incubation

v
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Fluorous Affinity Enrichment Approach

DIOS-MS Analysis

*ﬂf ‘J Fluorous ,j -,0
/ ~ || Derivatization y ‘j'
e > F o .
A .}_- Q. e
Small Molecules Ly
or Peptides
DIOS-MS Data
FPhe F3QRVR-ACC
MH* F7Glucose I;V!]glz
426 MH*
642
OH
H H
s o T
626
[T
m/z m/z m/z

Fluorous Proteomics with DIOS-MS

b, 5‘% T Sample Preparation
'hﬁ‘ : e i
Hg(\ f 1) Proteolysis _ "’f i % MS Analysis
3 'f 2) Spike with Fluorous ’; j ‘
{% Toaged Peptide Y DIOS SLE

A solution containing a mixture of a peptide tagged with C.F .. group and a
BSA tryptic digest was deposited on a DIOS chip bearing fluoroalkyl chains.
DIOS-MS spectrum of the mixture shows peptide peaks from BSA digest
and the fluorous tagged peptide. The spot containing the peptides was
washed with 60% methanol. DIOS-MS analysis of the spot shows the selec-
tive adsorption of the fluorous tagged peptide.

Other Surfaces: Fluorous Affinity Based MS

* Direct deposition, enrichment, and
MS analysis on a fluorous modified
porous Si chip.

* Enrichment and detection of
fluorous tagged amino acids,
peptides and carbohydrates
demonstrated.

» Potential applications in

proteomics, metabolomics and
diagnostics

200 fmol BSA digest spiked with fluorous tagged peptide

52251311 gz8 0gg 1144

--S'CiLSLF‘QTSGLCH'-<F'EStI\II42
o wash Wlﬂ'll
N~~CF, 60% MeQH in H20
u -
+ MH*
20748
MK™
2417
571675 918 1144 qa44 1641 |
500 e 2500

Go, E.P.; et al, J. Proteome Res. 2007, 6, 1492.



gl The FTI Total Advantage Product Offering

Synthesis | — | Purification | — | Immobilization | ——— Microarray
Results
tags Separation Slides, custom arrays,
media kits
DNA
Peptides )?M e Increased accuracy,
T reproducibility and
i ] Sa signal-to-noise
Oligosaccharides g

Small Molecules

Fluorous Modified Slides

No other technology offers all three steps (synthesis, purification, immobilization)
in one continuous work flow process !
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Future Directions

* Immobilization of other molecular classes
— Oligonucleotides

— Peptides
— Proteins and Antibodies g“t"‘(’.e'y
- eeking
Aptamers Partnerships
and

Collaborations!

Hybridization / Incubation Protocols

Fluorous reverse phase arrays

Fluorous Modification of Other Surfaces
— 3D-surfaces, polymers, etc.

Utilization of other Spotting Technologies
— Inkjet
— Acoustic Droplet Ejection (ADE)



/@ FLUOROUS
Teahnoinges incorporabed

Potential Applications

« (Genomics

— Gene expression profiling
— Genotyping

* Proteomics

— Profiling of biomarkers

— Analysis of protein activities

— Autoimmune and inflammatory disease detection
— Allergy screening

* Drug Discovery and Vaccine Development

— ADME/Tox applications
— Small molecule and fragment screening

* Diagnostics

— Cancer detection / profiling
— Viral diagnostics



p®FLUOROUS Fluorous Modified Slides

Now available from FTI!

 Part Number 850-9100
* 10 slides/box
* $110/box

Key Features

* Low, stable background fluorescence

* High contact angle, extremely hydrophobic

« Compact, consistent spot size

« Uniform surface: slide to slide, batch to batch
* Robust handleability
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