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Today’s Objectives

Deconvoluting a SELEX library

How do you know you've succeeded (or failed)?

Conceptualizing selection stringency

Things to consider iffwhen SELEX fails



Typical SELEX
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Deconvoluting your selected library

e \Was SELEX successful??? @

— How test?

e |f your SELEX was successful:
— How identify the individual library members?
— How identify conserved sequences/motifs?
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Determining the success of your SELEX experiment

Compare library dissociation constants pre- and post- SELEX
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RNA recovered (pmol)

Determining the success of your SELEX experiment

e Measure RNA recovered after each
round of selection
(quantitative PCR)

e Advantages:
— Determine progress in real time

— Facilitates rapidly knowing the
impact of changing SELEX

conditions




Library deconvolution

— Isolate individual aptamers for:
-> Sequencing (identification)
-> Characterization (binding, etc)
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Library deconvolution

e You observe binding of your bulk selected library to the target

— ~10%% unique members in starting library @

— How many are present at the end?

e |dentifying individual aptamers in your library
— How would you do this?

e One option: Exactly how you'd clone a new gene! |~



Cloning the aptamer library

Restriction site
within /acZ gene

Plasmid
yeoior @ Cleave vector with
restriction enzyme
Restriction sites
amp® Foreign DNA [0S0

N
Gene of
interest
@ Cleave foreign

DNA with same
restriction enzyme

DNA fragment
containing gene
of interest

@ Mix vector and DNA fragment under
conditions that favor base pairing

@ Treat with DNA ligase to join DNA
pieces covalently

Recombinant vector
carrying gene of
interest

Addison Wesley Longman, Inc.

Restriction Restriction
site 1 site 2
— I
T7 Fixed Fixed
promoter Region 1 Region 2

« Single hit conditions:

— One insert on average
incorporated into one plasmid

— Each plasmid now encodes a
single aptamer

* Problem
— You have a mixture of plasmids

— How do you isolate clonal
plasmids?



Cloning the aptamer library

@ @ @  Bacterial transformation

Bacteria « On average: <1 plasmid per
bacterial cell

Plate on selective
solid media — Plating on selective media:

 Single colony derived from a
single bacterial cell

« Each colony contains many
bacterial cells, each carrying
the identical plasmid

LB Agar + antibiotic plate



Aptamer library now encoded in plasmid library

Glycerol stocks
(storage @ -80°C)

N\

Mini-prep to isolate plasmid

» Aptamer sequencing

* In vitro transcription to obtain
aptamer

 Achieved:

— Mixture of aptamers in selected library resolved into a plasmid library of
individual aptamers

— Preserved ability to manipula;ce library
— Library archive # ciones 10 20 30 40
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CUCCUCUAG UGAAGGmmAGG UCGAUACGGAREEINNIEINGAUGGCC

5.1 7

5.2 2 CAAMNFINENCGACCHIEEINIGGCUGUGGAUGUGAUUAGGCCAGUUGC
5-4 4 GCHEIEIVIAGGGUAAGUAUGAUGUC UACHEEIINEIIGUGGGCUUGGUGCG
5.11 1 AACUAGCAGGHEINTIVIGAGUGGGUGCGACC ARSI UAUGGCCUG -
5-12 5 CAAGGHNTNNEINAAUGCUGAAUVAAEITEEIVIAAGUGUUGG UGAGUGUAG
5-14 1 CAGGAAAEHINIETICAAACGAUGGGGAGCGUAAGACUGCGAGUGUCGGA
5-16 1 UGGUAGGACGGCACHEEEIVIAGGIEESNIEIIUAAGCGAGUACCUGCCGU
5.18 1 UVAGGEIEEVIC UG UGUETEIYNIEITAGUGAACCAGACACGGAGUGGAGUA
5-21 2 AGCGHEEEINIEITUAUGGCACGA UG UGIEEIEINIUAGCGCUGAUCGGGCAA
5.29 1 CUUGCUGCAGAGGGUCHITEITIITNIGUGUGACACUGCGUCGACGGGUUAAG
542 1 GAUGUUUCGAAUGUUGCGGGUGAGACARINEINIEICAAACUACCGUGUCA




The future of deconvolution

e High-throughput sequencing
— Same instruments sequence genomes
— Useful for early rounds

BRE 23



...but what went wrong with my SELEX?
some common scenarios

100
1. No detectable binding to target |
80 | Enriched Library
— i K,=2nM
= : Random Library
~ 60 K, =500 nM
e Why might this occur? el
— Problem with your binding assay 20|
e How might you assess this? o L
' 1w 1w0? 10* 107 10¢ 107
(P]1 aM

— Too few rounds of selection completed
e How would you determine this?

— Your selection process went awry
e Poor choice of selection stringency conditions
e Sequences selected based on amplification efficiency, NOT target binding

— PCR, RT, in vitro transcription



...but what went wrong with my SELEX?
Some common scenarios

2. Aptamers bind target, but ONLY when immobilized in the
format used during SELEX

§ﬁ

bead o L
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e Why might this arise?

— Aptamers partially or completely recognize and bind to the solid
support!

e How would you change your selection format to avoid this?



Typical SELEX
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Negative selection step
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Maximizing SELEX efficiency

e Design specifications
— Obtain target aptamers on first try

— Fewest possible number of rounds
— High affinity



SELEX
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Maximizing SELEX efficiency: stringency

e Design specifications
— Obtain target aptamers on first try
— Fewest possible number of rounds

— High affinity
bead
/t > Remove unbound RNA
arge
N
N N
N

e Keep binders, remove non-binders

bead

target

Elute bound RNA



Stringency: everyday example

GO O gle

Google Search I'm Feeling Lucky

e Not too broad, not too focused...just right



puppy “ Brian Belmont 0 + Share E -

® SafeSearch o

About 286,000,000 results (0.27 seconds) -

Related searches: cute puppy beagle puppy puppies for sale dogs and puppies puppies wallpaper
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About 32,500,000 results (0.44 seconds) 2 © safeSearch v o
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Maximizing SELEX efficiency: stringency

e Design specifications
— Obtain target aptamers on first try
— Fewest possible number of rounds

— High affinity
bead
/t > Remove unbound RNA
arge
N
N N
N

e Keep binders, remove non-binders
P bead

target

e How adjust stringency???

Elute bound RNA



SELEX stringency: washing

e Washing
— Higher stringency --> more/longer washes
— Lower stringency --> fewer/shorter washes

— Specifies thermodynamics

e Dissociation constant

° koff
),
- dl bead bead bead
—
— /targexﬂ
Release time: 5 sec 1 min 30 min



1.

SELEX stringency: [RNA]:[target] ratio

* [RNA]:[target] ratio
— Higher stringency --> higher ratio

— Lower stringency --> lower ratio

— Specifies thermodynamics

* Dissociation constant
e Favor recovering higher affinity RNA

bead bead
bead
B Y

bead

@
s

targe

Iy



SELEX stringency: buffer

e Buffer components/additives

_pH

— tRNA (nucleic acid)

— BSA (protein)

— Salt concentrations
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Ahmad, K. M. et al. Probing the Limits of Aptamer Affinity
with a Microfluidic SELEX Platform. PLoS ONE 6, e27051 (2011).
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Carothers, J. M., Goler, J. A., Kapoor, Y., Lara, L. & Keasling, J.
D. Selecting RNA aptamers for synthetic biology: investigating
magnesium dependence and predicting binding affinity. Nucl.
Acids Res. 38, 2736-2747 (2010).



My parameter optimization space is HUGE...help!?

* Vary:
— Wash number
— [Library]:[target] ratio

— Buffer conditions
° pH
e [salt]
e tRNA
e BSA (protein)

e Where do | start my SELEX?

e Which variable(s) do | change if it fails?



Automating SELEX

Library synthesis (DNA
synthesizer)

Enzymatic reactions
— PCR (thermal cycler)
— RT (thermal cycler)

— Invitro transcription (thermal
cycler) R

Vacuum

Thermalcycler manifold
\

Binding reactions _ —
\;L e * Automated workstation
— g6-well plates (shakers) Ii’:f:.‘;‘f - M;‘_;, =l ==

L ire—
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contralior
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Inter-process sample tran> .
— Liquid handling robots
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Cox & Ellington, Bioorganic & Medicinal Chemistry, 9(10),
2525-2531, 2001



Leaders and future of SELEX
* Diagnostics
Somalogic

— >1000 aptamers to blood proteins

e Contract discovery

.» AptaMatrix N

)

bhae PCIIr

ocies 1he Aptamer Discovery Company




Summary

e Determine library characteristics
e Define individual sequences

e Adjust SELEX stringency



