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Outline for today

¥ Reversible inhibitors-data analysis

¥ Anticoagulants and exosites



Strategy for analyzing reversible inhibitors

¥ Measure velocity versus [S] in presence of different
inhibitor concentrations (I=benzamidine)
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¥ Does the inhibitor change the apparent! ., #.g,, or both?

Experimental scatter can make it ambiguous.



¥ Determine apparent&! and #.¢,, from non-linear least fit
squares to V vs [S] data using the Michaelis-Menten

equation.
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¥ Tabulate !" . and #'.¢y, from the fit curves
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¥ Remember to include the benzamidine in your trypsin
stock (1ImM in the 0.05 mg/mL stock you diluted ~50
fold).

¥ Experimental scatter can still make patterns hard to
identify. Solution?



Step 3: Replot apparent #.¢o, and ! . &&

versus inhibitor concentration
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¥ Which parameter changes systematically?

¥ Error bars indicate uncertainty in the estimates of V...
and K.

¥ Error bars come from non-linear least squares fit of #
versus ()*&ata.



A perfect fit to perfect data

RA2 =1
Km =50 +/- 2.5781e-08

Vmax =5 +/- 6.1921e-10
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¥ Note the magnitude of the uncertaintiesin!. and
g4



A fit to data with Simulated Errors

V +0.05 yM/min
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A fit to data with Simulated Errors

V £0.15 yM/min
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Replot #1: Apparent V
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¥ Error bars are from least-squares fit of V vs [S]. They are
analogous to standard error of the mean

How does #.4, change when [l] changes? Is it consistent?



Replot #2: Apparent ! . versus

inhibitor concentration
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¥ How does!. change when [I] changes? Is it consistent?



Analyzing Replot #2: competitive inhibitor
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¥ Estimate!. and! from linear fit of apparent!. versus |[l]

Kn = Kn (1 +[I]/K;) .
¥ One can use error estimates for ! . &o

Km
= 7[” + Kn weight data in fit. How?



Weighted versus un-weighted least-squares fits

Data points weighted equally Data points weighted inversely by errors
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Which fit is “right”?

We don’t know, but weighted more likely gives better estimates of ! . and ! .,



Apparent V. (uM/min)

It apparent #.4, changes with [lI]
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¥ |If this appears to be real:
1)! Estimate #.¢,, and ! ,from non-
linear least-squares fit.
2)! Use error estimates for #.¢, to
weight data in fit.

¥ For both noncompetitive and
uncompetitive inhibition

Vr;\ax = max/(l + [I]/KI)

¥ |s this decrease real? Look at the
apparent ! . :

1) Constant!. as [l] increases.
= noncompetitive inhibitor

2) Decreased ! . as [l] increases.
=uncompetitive inhibitor



Warning: direction change




Coagulation cascade: an overview
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¥ Focus on the Extrinsic pathway
here:
-damaged blood vessels expose
circulating factor VII (FVII) to its
membrane-bound co-factor, tissue
factor (TF).

-TF-FVlla complex cleaves other
factors (X) to their active forms.

-Cascade completes with fibrin
clots.

¥ Anticoagulants (blood thinners) are
widely used to prevent aberrant
blood clots.

Figure from: Lee, M.S and Kong, J. Heparin, Physiology, Pharmacology, and Clinical Application.

Reviews in Cardiovascular Medicine. 16:3, 2015.
http://read.nxtbook.com/medreviews/reviewscardiovascularmedicine/volumel6no3/drugreview_heparin.html



Coagulation cascade: drug classes

Intrinsic Pathway
Damaged Surface ¥ Warfarin-blocks recycling of
rinogen Por—— Yita.mip K, a co—fa.ct(?r for many
- " — intrinsic and extrinsic factors.
L Xla l ¥ Heparin actives an enzyme,
X[ N, vil, vil antithrombin 1ll, which inhibits
j viil, 1 Tissue Factor |<— Trauma thrombin and other cascade
e members.
l ke ¥ Treatment is a delicate balance
Prothrombin (1) [~ _>| Thrombin (il,) between excessive bleeding and
[ preventing unwanted clots.
l gl ¥ Drugs are non-specific and have
crossiinked fibriniclot many side effects. Warfarin was

originally used as rat poison!

Figure from: Lee, M.S and Kong, J. Heparin, Physiology, Pharmacology, and Clinical Application.

Reviews in Cardiovascular Medicine. 16:3, 2015.
http://read.nxtbook.com/medreviews/reviewscardiovascularmedicine/volumel6no3/drugreview_heparin.html



Coagulation cascade: more specific drug targets?

Intrinsic Pathway
Damaged:surface ¥ Many coagulation factors are
i — -Su bs’Frates are downstream
proteins.
Xl X1 .
: -Cleavage activates.
IX ~ v, [“ Vil
j VIII, 1 Tissue Factor |- Trauma ¥ WOUId an aCtIVE Slte InthItOI’ WOFk
well?
x [ s ol X
l v, Unlikely, due to inhibition
Prothrombin (1) * Thrombin (I1,) bel ng non-speuﬁc

™= ™ Fibrin (1)

Hbrinogeni( ¥ What about an inhibitor outside

l Al the active site?
Cross-linked fibrin clot

Figure from: Lee, M.S and Kong, J. Heparin, Physiology, Pharmacology, and Clinical Application.

Reviews in Cardiovascular Medicine. 16:3, 2015.
http://read.nxtbook.com/medreviews/reviewscardiovascularmedicine/volumel6no3/drugreview_heparin.html



TF-FVIla complex as an anticoagulation target

¥ TF-FVlla initiates the coagulation process, thus it is an attractive drug target.

Approaches to inhibit TF-FVlla:
1) Inhibit the active site of FVIla (remember it is a serine protease).

2) Inhibit the interaction between TF and FVilla.

3) Modulate FVlla activity by binding a site distinct from the active site

A binding site distinct from the active site is often called an exosite.

Exosites are attractive drug targets. Why? Better specificity.



ldentification of a peptide exosite inhibitor for FVlla

¥ Phage display to identify peptides that bind FVIla.

Standard Phage Display Protocol
Phage library Bind substrate \Wash unbound

V/~ S~y

Phage bind to target
substrate (most phage do
not stick)
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Elute and collect bound
phage

Phage library ~2 billion
possible peptide variations

Wash off unbound phage

AVANR—

DNA sequencing to identify Amplify eluted phage in
bonding peptide E. coli

Sequence Amplify phage Elute bound phage

How do you screen for binding outside of the active site?

One option: Use an inhibited enzyme as the target|Peptide E-76 is the top candidate

Phage display graphic:https://allenlab.umbc.edu/research-interests-2/phage-display/
Dennis, M.S. et al, “Peptide exosite inhibitors of factor Vlla as anticoagulants”, Nature, 2000. 404:465-470.



Lineweaver-Burk plot for E-76 inhibiting -TFVIla
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¥ E-76 (peptide) inhibits Factor X activation, the downstream target of TF-Vlla.

¥ What type of inhibition does the plot show? noncompetitive

Dennis, M.S. et al, “Peptide exosite inhibitors of factor Vlla as anticoagulants”, Nature, 2000. 404:465-470.



E-76 increases extrinsic pathway clotting times

PT=prothombin
=extrinsic pathway

APTT= intrinsic pathway

Fold prolongation
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¥ What does this graph tell us about E-76 specificity?

¥ E-76isn’t inhibiting serine proteases in the intrinsic pathway

Dennis, M.S. et al, “Peptide exosite inhibitors of factor Vlla as anticoagulants”, Nature, 2000. 404:465-470.



Where is the Vlla exosite located?

Map the binding site by measuring activity of Vlla point mutants

Purify Vlla with one residue
mutated to A and rerun

'\' - Y — | kinetics
V B, S e - “ Colors indicate a
,jy’( e . decrease in FX inhibition:
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Blue= <1 fold decrease=
substrate bound

not much of an effect

.

7Y
Red= >150 fold decrease=
A Big effect
g

Orange/Yellow=
Intermediate effect

What is a concern with using mutant proteins? Misfolding.

Dennis, M.S. et al, “Peptide exosite inhibitors of factor Vlla as anticoagulants”, Nature, 2000. 404:465-470.



Where is the Vlla exosite located?

Ig Solve a crystal structure of Vlla and E-76 inhibitor

¥ How does E-76 inhibit?

165 Based on the kinetics and structure:

An allosteric “switch” via the Q143 loop

Q143 loop is moved (magenta= inhibitor bound)

Active site with covalent
inhibitor bound

Dennis, M.S. et al, “Peptide exosite inhibitors of factor Vlla as anticoagulants”, Nature, 2000. 404:465-470.



