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5.5: Proteins

Protein structures can be complicated. Their NMR spectra can be very complicated. For that reason, multi-dimensional NMR
techniques are often used to determine protein structures. On this page, we will look at just a few of the techniques, including
COSY, TOCSY and HNCA.

Note that HNCA is not an example of 2D NMR. It is an example of 3D NMR. It shows a correlation between an amide proton, the
amide nitrogen to which it is attached, and the carbons that are attached to the amide nitrogen. HNCA data are viewed in slices, in
which we just look at one nitrogen at a time. One axis shows the shift of the proton attached to that nitrogen, and the other axis
shows the shifts of the carbons attached to the nitrogen.

Consider a simple tripeptide.
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HNCA exploits a magnetization transfer, similar to the process used in a COSY or HMBC experiment. In this case, the experiment
involves three different kinds of nuclei. An amide proton is irradiated (H); it transfers information to the attached nitrogen (N) and
then to the alpha carbon (CA).
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The results of the HNCA experiment display the relationship between these three nuclei. We have seen how a two-dimensional

experiment can be displayed, but displaying a three-dimensional experiment would require a z axis. That might be difficult.

Instead, HNCA results are displayed as "slices". A slice shows only the '3C and 'H data related to a particular °N resonance.
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So we see there is an amide nitrogen that shows up at 123 ppm in the >N spectrum. It is attached to a carbon that shows up at 57
ppm in the 13C spectrum and a proton that shows up at 4.44 ppm in the 'H spectrum. A second slice shows similar results for the
second amide H-N-Ca group in the tripeptide.

HNCA experiments are complicated. The way the experiment is run allows different kinds of information to be obtained, much like
an HMBC and HMQC show different information from fundamentally similar methods.

Running the HNCA in another way, we can actually see the alpha carbon on the other side of the carbonyl, in addition to the alpha
carbon adjacent to the amide position we are looking at.
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The red peaks below are the ones we had from the previous experiment. They show that relationship between the amide proton, the
amide nitrogen and the alpha carbon. The blue peak shows the alpha carbon on the other side of the carbonyl. Notice that the blue
peak in the slice on the right is the same as the red peak in the slice on the left. Of course, in a tripeptide, one of the amino acids is
right next to the other one.
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It still may not be clear which slice comes from which amide nitrogen. However, there is another variation on this experiment that
can help. This one shows not only the alpha carbons on both sides of the amide nitrogen, but the beta carbons as well.
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In the slices below, in addition to the red peaks and the blue peaks we had before, we now have a couple of green peaks. Those
green peaks show the beta carbons on either side.
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On the left slice, there is a green peak at 30 and one at 62. The peak at 62 must be the beta carbon of serine, since it is next to an
oxygen. The peak at 30 is probably the beta carbon in methionine. In the right slice, the peak at 20 must be the methyl carbon in
alanine. The beta carbon of methionine shows up again, because methionine is in the middle of this tripeptide -- it is next to both
amide positions. Now we can see that the left slice came from the left amide position in the tripeptide, as drawn above, whereas the
slice on the right came from the right amide position.

Exercise 5.5.1

Identify the following amino acid.

COSY

Answer

Alanine

Exercise 5.5.2

Identify the following amino acid.
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Answer

Leucine

Exercise 5.5.3

Identify the following amino acid.
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Answer

Phenylalanine

Exercise 5.5.4

Identify this dipeptide.
a. Use the TOCSY to identify the two amino acids involved.
b. Use HNCA to determine the connectivity.

Useful References

e TOCSY/COSY of amino acids: http://www.bp.uni-bayreuth.de/NMR/nmr_aminotocsy.html
e TOCSY of all AA: http://www.bp.uni-bayreuth.de/NMR/nmr_alltocsy.html
o Standard Shifts for AA: http://www.bmrb.wisc.edu/ref_info/statsel.htm
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Identify this tripeptide.

a. Use the TOCSY to identify the two amino acids involved.
b. Use HNCA to determine the connectivity.
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Sources
1H NMR, TOCSY, HNCA and COSY spectra simulated.

This page titled 5.5: Proteins is shared under a CC BY-NC 3.0 license and was authored, remixed, and/or curated by Chris Schaller via source
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