Laboratory for CHEM 781

Experiment 5: Conformational analysisusing NOESY and P.E. COSY
20points duedate: Dec 7 2004
Besides information abou the awnnredivity of the aoms through bond (experiment 4), NMR can
provide information abou the relative spatial orientation o the aoms with resped to eat aher,
i. e. configuration and conformation. While afull threedimensional determination d the three
dimensional structure can be obtained, this is beyondthe scope of thislab. In this experiment,
distanceinformation derived from aNOESY spedrum and couping constants derived from a
P.E. COSY spedrum will be used to oltain stereo chemicd assgnments on methylene protons
and determine dements of sendary structure. Also, aROESY spedrum will be used to

identify exchange pe&ks.



Sample: Gramicidin-S

The assgnment of the protons was obtained in the previous lab:

BC NMR:

'H NMR:
PRO_1:HA 4311
PRO_1:HB2 1471
PRO_1:HB1 1.960
PRO_1:HG* 1510
PRO_1:HD2 3.591
PRO:HD1 2,500
VAL_2ZHA 4412
VAL_2HB 2.080
VAL_2HG1* 0.768
VAL_2HG2* 0.811
ORN+_3HA 4.767
ORN+_3HD1 2.818
ORN+_3HB1 1744
ORN+_3HB2 1.615
ORN+_3HG* 1.645
ORN+_3HD1 2.818
LEU_4HA 4577
LEU_4:HB* 1.331
LEU_4HG 1.400
LEU_4HD1* 0.790
LEU_4HD2* 0.804
PHE_SHA 4.361
PHE_5HB1 2.967
PHE_5:HB2 2.880

PRO_1:.CA 60.286
PRO_1:CB 29.388
PRO_1:.CG 23580
PRO_L.CD 46.428

VAL_2.CA 57.142
VAL_2.CB 31.520
VAL_2:CG2 19398
VAL_2:CG1 18445

ORN+_3:CA 51378
ORN+_3:CB 30021
ORN+_3.CG 23531
ORN+_3:CD 38.80

LEU_4:CA 50.003
LEU_4:CB 41400
LEU_4:CG 24.423
LEU_4:.CD* 23158

PHE_5:CA 54.309
PHE_5.CB 36.075




Spedra on workstation (all 500MH2z):

Name
expts5
expts
expts
expts

Tasks:

1)

2)

3)

4)

5)

6)

7)

exono Experiment

1 1D proton spedrum

2 2D P.E. COSY spedrum

3 2D NOESY spedrum (- =300ms)
4 2D ROESY spedrum (- =500ms)

Both the P.E. COSY, NOESY and ROESY spedra ae taken in the phase sensitive mode
and thus may need manual phasing. Processand phase the two dmensional spedrasuch
that the aosspedks appea as anti phase multipletsin the P.E. COSY, as pasitive pe&ks
in the NOESY and as negative pe&ks in the ROESY (A description hav to doan
interadive 2D phase wrredionisfoundin the alvanced processng quide).

Usethe 1D and P.E. COSY spedrato measurethe3J,,,, couging constants. Where do
the measured values differ and why (and which ores are more reliable).

From theH H crosspe&sinthe P.E. COSY spedrum try to determine J, ,, couding
constants for the Phenylalanine residue. What istherelativesign of 23, ,, , and3J,
and hav can it be obtained from the spedrum ?

From the NOESY spedrum, identify HNH , HYH and HNHN crosspedks between
different aminoadds. Which ores are between neighbaring amino adds and which are
most likely aaossthe peptide ring ?

From the NOE patterns and couging constants, which dof the structural motifslisted in
the gpendix is consistent with the data ?

Using cougding and NOE information determinethe N-C -C -C dihedral angle (3%) for
the Phenylalanineresidue. and Pro- protons from NOE and couging data (note that
Gramicidin contains D-Phe and the assgnment HB1 and HB2 abowe is arbitrary).
Comparing the NOESY and ROESY spedra, which crosspedk(s) isare dealy arising
from exchange and nd NOE ? Isthe tumbling rate of gramicidin an DM SO larger or

small er than the lamor frequency of the protons ?
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APPENDIX:

Determination of conformation from NMR data

Couding constants can give information abou dihedral angles acarding to the Karplus
equation, with the amugding exhibiting a maximum value for dihedral angles of 0° and 180°,
and aminimum at 90°. The value for 180°is normally always larger than for 0°.

Using couding constants together with NOE data dl ow for the determination o conformation

and the assgnment of diastereotopic methylene protons as siown below:

gl gl gl
02
2B H2A 2B
H2A
J1,2A <5Hz > 10 Hz <5Hz
J1,2B <5Hz <5Hz >9 Hz
NOE(1,2A) strong weak medium
NOE(1,2B) strong strong strong

Combination d couding constant and NOE for threediff erent conformations.

DQF-COSY versusP.E. COSY

For more complex moleaules, the extradion d couping constants from one dimensional spedra
beames very tedious or imposgble. Theregular COSY experiment, onthe other hand, has the
diagonal peks 90° ou of phase with resped to the aosspe&s.

In the DQF-COSY the dispersive diagondl is suppressed by applying a doulde quantum filter,
retaining only crosspegks and in-phase comporents of the diagonal. All singlet signalswill be
suppresd. The msspedkswill be split i nto multipletsin bah dmensions, with the adive
couping gving riseto antiphase (+ -) splitti ngs and passve @upings resulting causing in phese
splitti ngs (+ +or + -).



As own in the figure below, even for just threespins one can olserve upto 16 peaks, and four
spinswould result in 64signals. If some @uping constants become similar in magnitude,
overlap of positive and regative signals can result in partial cancdlation o multi plet
comporents.

The P.E. COSY (Primitive Enhanced COSY) all ows to simplify the multi plet pattern by
repladng the seand 90° pilse in aregular COSY by asmall pulse agle, typicadly a36° puse.
Thisretainsonly signalsin the aosspedks between lines with the passve spin in the same spin
state. Inthe example below lines of spin 2A coupged to 2B inthe state crrelate only with
linesof 1 coudedto 2B inthe state, and 2A coupedto 2B inthe state crrelates only with 1
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Schematic DQF-COSY and P.E. COSY crosspedks for athreespin system
with Pz | > 3\]1,213 > 3\]1,% and?J s < 0.

coudedto 2B in . Thisallows often to measure even small cougding constants withou

overlap.



Determination d side chain N-C-C-C dihedra angle 3, and stereo-spedfic
assgnment of H protons from NOE and couding information.

HNi'HNi+1
HNi'HNi+1
HNi'Hai+3
HN-C%H" = -117° HYN-C*H% = -199°
(f =-57) (f = -139°)

Structural motifs and their identification from distances and dhedral angles
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