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» Transcription factors (TFs):
» Proteins that bind to specific DNA sequence
* Regulate expression of nearby genes

TF

DNA

ANTCHATCEATAAATCGATCGATCGGGCCTTAAGCATCGGTACGTA CCCGTACGTACGTAGCTAGCTAGCTAGCTACG

Binding
Site
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COMMON CELL TYPES

Stem cells Intestir;al cells Red blood cells

Muscle cells Liver cells Nerve cells

Determines the shape and Adapt to changes in the
function of each cell environment

Image credit: shutterstock.com, wikipedia.org
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How do TFs read sequence?

Goal: Learn mathematical model that predicts binding.
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« The dissociation constant (k) quantifies the strength of biomolecular interaction

Kon: .1

DNA Sequence

Kof: f’.

DNA Sequence
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* To predict equilibrium binding, we need to predict how k, depends on sequence.
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[DNP\%TF}\
1—c¢ (—koff—[TF] *kon)*t

Probability of bound at equilibrium:

[DNA:TF] _ [TF]

P(bound) = =
(bound) = 1 et I kD
Ti *(f ddi Tines)
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Differential equations describing single sequence binding Competitorsg

kinetics:
d
- [DNA:TF](t) = [DNA](t) * [TF] * kop — [DNA:TF](t) * koss

After solving this, we

got:
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 The current binding model predicts kj, kp = Kors
* The kj does not tell you:

« How long are TF molecules bound?

* How quickly is the binding equilibrium reached?
« To answer such questions, we need:

Kon: .1

DNA Sequence

-l

» Current binding models predict binding strength, blind to
kinetics
* Goal: Learn how binding kinetics depend on sequence

kOff:

DNA Sequence
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- Add competitor with high-affinity
binding site

- Free TFs absorbed

- Rebinding to randomized DNA
suppressed

Adding Competitor
DNA sequence

After
reaching the
equilibrium
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[pmm‘-}\
e (_koff_ [TF] *kon)*t

e(_koff)*t
*c Timelx)
Time of adding
competitors
Differential equations describing binding
klnetlcsci Equals 0 because [TF] =
I [DNA:TF](t) =YD *Kon — [DNA:TF](t) * kosp

Solution
: [DNA:TF](t) = (e *orr*t) x [DNA: TF](0)
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binding
site

TFs unbind

ng el X
transcription competitor (rebinding Se&ﬂel:cges _th? foed
factors DNA at binding
sequences different DNA data
i times at
Randomized Equilibrium different
DNA Sequences times
fn t,
TF: DIl (Distal-less) TF from fruit fly
Competition time: 0,1, 5, 30 min
Sequenced: Input DNA and bound sequences at each timepoint.

My project: Analyzed the data to see if experiment worked.



Enrichment in 0 minute

First step: Parse Data

index ‘ freq0B freq1B freq5B freq30B freqRO

Randomized 0 ATCTAATTAA 1618241e-04 3.253455e-04 2551404e-04 0.0 5.430562e-06
DNAsequence 1 TAATTGCTGT 1315473e-05 2409324e-05 4.849469e-05 0.0 3.443771e-07
‘ CGATATTACT 2.088053e-06 3.466654e-07 3.145292e-07 0.0 2.092753e-06

3 TCCCCATCAC 6.264158e-07 1.733327e-07 4.289035e-07 0.0 3.284828e-06

4 GCTATGACTA 0.000000e+00 0.000000e+00 5.775900e-06 0.0 1.271546e-06

1017172 CGACGCCAGG 0.000000e+00 0.000000e+00 0.000000e+00 0.0 7.947164e-08

1017173 CAAGAGAAGG 0.000000e+00 1.733327e-07 0.000000e+00 0.0 5.298110e-08

1017174 CGCAAGACGT 0.000000e+00 1.733327e-07 0.000000e+00 0.0 1.589433e-07

1017175 GGCTGCCTGG 0.000000e+00 0.000000e+00 0.000000e+00 0.0 5.298110e-08

1017176 GAGACTGGCG 0.000000e+00 0.000000e+00 0.000000e+00 0.0 1.854338e-07

1017177 rows x 6 columns
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Pairwise Correlation Heatmap with Binding Libraries
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« Sanity check: Do the frequengflens of bound IrQlemquences chrgquge as the C(r)nrlr?petition time

increases?
« Take-away:
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High Binding Affinity sequence TAATTG Low Binding Affinity sequence TGATTG

Normalized Values of Bind Libraries of Sequence TAATTG Normalized Values of Bind Libraries of Sequence TGATTG
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« Combining SELEX-seq with competition can probe binding kinetics
with high throughput.

 Proof-of-concept experiment works as expected:
« Bound sequence libraries changed after competition
» Low-affinity sequences unbind faster

* Future Step: Build machine-learning method for inferring kinetic
binding models
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Binding Equilibrium:
As time progresses, the number of transcription factors binding with the DNA sequence
will reach an equilibrium, with an equal rate of binding and unbinding.

AATC ATAAATCGATCGATCGGGCCTTAAGCATCGGTACGTACGGTTACC  ACGTACGTA

For a single sequence at
SAUILERRN) « [TF]  kyp = [DNA:TF] * ko7

In a long run, the bind on and bind off rates are the same on
average.
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Binding Affinity:

The strength of the binding interaction between a single biomolecule (protein, DNA) to its
ligand /binding partner.

« The dissociation constant (k;) measures the equilibrium, which it quantifies the
strength of biomolecular interaction
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Ko(TTTAATTGGT ) = 3.9 nM

The binding kinetics can be used to predict the binding affinity of the transcription factor for different
DNA sequences, as well as the kinetics of binding in the presence of competing DNA sequences.




Results

Correlation Heatmap with Free Libraries
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Results

Normalized Dataframe Without TAATTG

- What sequences unbind faster?
- Recall: high off-rate -> high kd?
Comparing high and lower affinitgy sequnces:

freqlB
Frequency
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* Describes the dynamics binding interaction between two molecules, expressed as k,,
(rate of association) and ks (rate of disassociation).

« Studying the transcription factor binding kinetics can help us better understand the
dynamics of gene regulation.

AATCGAGATAA  GATCGATCGGGCCTTAAGCATCGGTACGTACGGT  CCGTACGTACGTA

Time(t) /.

Some TFs bind longer than the others, but they eventually bind off.




Fruit Fly Distal-less(DIl) TFs e,

CENTER FOR CELLULAR AND
BIOMOLECULAR MACHINES

FIyTF is a database of computationally predicted and/or experimentally verified site-specific
transcription factors (TFs) in the fruit fly Drosophila melanogaster. It covers the DNA-binding
characteristics of the proteins and a more fine-grained annotation of both DNA binding and regulatory
properties.
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