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NADH binding to Rabbit LDH can be measured using fluorescence anisotropy

Abstract

B.

understand and measure binding equilibrium constants for protein interactions due to the specialized nature of the instruments
NADH

required or the time constraints of the undergraduate laboratory. Here, we describe a 3-4 hour guided-inquiry laboratory

Unbound NADH: Rapid rotation
randomized (isotropic) fluorescent emission

module designed to measure the binding affinities (KD) of the enzyme lactate dehydrogenase for two of its substrates, NADH

Pre/Post-Lab Gains
LDH

Published Literature Values:
KD~1μM for NADH/LDH (1,2)

Question: "How familiar are you with..."

Enzyme Bound: Slower rotation
directionally biased (anisotropic)
fluorescent emission

[LDH], uM

and NAD+. These measurements are carried out using fluorescence techniques and a microplate reader to minimize

NADH

A.
Normalized Anisotropy, r

Students in upper-division biochemistry laboratories are often not exposed to biochemical techniques that allow them to

Learning Outcomes

Figure 4. a. Unbound NADH tumbles rapidly in solution due to its small size. Resulting fluorescent emissions are randomly oriented in solution (isotropic).
b. Binding of LDH to NADH causes a decrease in ease of rotation,leading to an enhancement in directional/polarized fluorescent emission (anisotropic).

reagent use and maximize the number of replicates. This laboratory is inexpensive, forgiving for students, and exhibits strong

Requirements: Fluorometer with polarizers (e.g. SpectraMax M5 plate reader)

gains from students in their understanding of protein binding and experimental design for in vitro binding experiments.

Θ

=

Lactate Dehydrogenase is a critical enzyme that binds NAD derivatives
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Question: "On a scale of 1-100, how would you
rate this lab's level of..."
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NADH Binding: Representative Student Data

Figure 2. The reversible reaction catalyzed by LDH results in the
net production of pyruvate/NADH or lactate/NAD+
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Figure 3. NAD derivatives NADH (left) and NAD (right). NADH exhibits
fluorescence at 455nm after 340nm excitation, while NAD+ is nonfluorescent.

Data Quality

Learning Objectives & Schedule of Lab

NAD+ is not fluorescent, but its binding can cause the quenching of intrinsic LDH fluorescence
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B.
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Unbound LDH: Free emission of active site
aromatic side chains such as Tryptophan

0
LDH

NAD+ bound LDH: Occupied active site results
in quenching of fluorescence
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Lab Outline:
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Fluorescence Quenching
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Week 2:
o Using a dilution series of NAD+ , determine the fluorescence quenching of
LDH Tryptophan.
o Process data for quenching and determine the binding constant KD between
NAD+ and Rabbit LDH.
o Perform replicates and clean up data.
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Subtract max fluorescence,
divide by minimum value

Week 1:
o Find fluorescence excitation and emission wavelengths for NADH and LDH.
o Determine minimum detectable concentration of LDH and NADH by fluorescence.
o Using a dilution series of LDH and constant amount of the low concentration
NADH, measure fluorescence anisotropy response.
o Analyze data/Determine binding constant KD of NADH for Rabbit LDH.

Rigor/Diﬃculty

NAD+

o
Students will be able to:
o Explain how both anisotropy and fluorescence quenching can be used to
measure protein binding affinity and why both methods are useful
o Use a fluorometer and its relevant software
o Create anisotropy curves and fluorescence quenching curves to measure the
binding constants for individual enzymatic substrates
o Explain the differences between KM and KD and how these parameters can be
applied to understanding enzyme function.

Fun

Figure 4. a. Run with 9 replicates, a KD for NADH binding to LDH of 2.25μM is obtained with well-fit data.
b. Triplicate replication by another group can generate very precise data with measured KD values of 0.92 μM.
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Raw Fluorescence

Figure 1. Lactate Dehydrogenase
(PDBID: 1I10) is a tetrameric enzyme
that binds NAD+/NADH (green). It also
binds to the substates pyruvate and
L-lactate during anaerobic metabolism.

Generation of protein binding curves from
raw data
Preparing my own reagents from stocks and
dry reagents
Common lab techniques (pipetting,
dilutions, etc.)
Techniques to measure protein binding to
ligands
Biophysical techniques such as ﬂuorescence
spectroscopy
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General ideas about protein binding

Conclusions
o Both methods of measuring binding affinity are accurate and quickly done so as to be achievable in a
teaching laboratory setting
o Due to the small concentrations and amounts of reagents required, as well as their common use,
this module is financially practical if a laboratory has access to either a polarized or standard fluorometer.
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