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Proton Magnetic Resonance Spectra of Amino-acids and Peptides
relevant to Wool Structure. Part lll.! Relative Residence Times of
Dipeptides of Asparagine, Aspartic acid, Phenylalanine, and Tyrosine

By K. D. Bartle, D. W. Jones,” and R. L'Amie, School of Chemistry, University of Bradford, Bradford BD7 1DP

Iterative analyses have been carried out of the methine-methylene ABC spin systems in 60 MHz proton magnetic
resonance (1H n.m.r.) spectra, over the temperature range 283—353 K, of alkaline deuteriated aqueous solutions
of aspartic acid and asparagine and of dipeptides of aspartic acid, asparagine, tyrosine, and phenylalanine with
glycine and alanine. With increase of temperature, the fractional rotamer populations, deduced from the observed
averaged vicinal coupling constants, exhibit three kinds of behaviour: invariance in aspartic acid, asparagine,
glycyltyrosine and alanyltyrosine: a tendency towards equalization in glycylphenylalanine and alanylphenyl-
alanine and, to some extent, in glycylaspartic acid and alanylaspartic acid; and a greater preference for one rotamer

in tyrosine. In phenylalanine, increasing concentration of base causes linear downfield shifts of the methine and

methylene resonances. while changes in coupling constants correspond to steady changes in relative rotamer

populations.

By comparison with high resolution 'H n.m.r. spectra of
proteins, the TH n.m.r. spectra of selutions of amino-
acids 2 and dipeptides are susceptible to relatively de-
tailed analysis. The «-methine and g-methylene protons
often form an ABC spin system in which the two methyl-
ene protons A and B are sufficiently distinct for spectral
analysis, even at 60 MHz, to yield distinct couplings
Jao and Jpo. For some sulphur-containing amino-
acids in alkaline solution,! the Pachler ®¢ approach,
whereby measured vicinal coupling constants may be
associated with fractional populations (a, b, and ¢) of the
three classical staggered rotamers (I), (II), and (III),

A R!
C COzH c COzH COzH
R B B A
NHR2 NHR? NHRz
{n m (LI}

has revealed both invariance and temperature-depend-
ence of these populations. While the gauche and éans
coupling constants, J, and J;, necessary for extracting
relative rotamer residence times, may differ somewhat
for different isomers,%3 changes in measured coupling
constants Jap, Jac, and Jpg with pH and temperature
are likely to reflect genuine changes in relative rotamer
lifetimes.5

EXPERIMENTAL

Materials.—Samples of L-aspartic acid, glycyl-L-aspartic
acid, r-alanyl-L-aspartic acid, vr-asparagine, glycyl-L-
asparagine, L-phenylalanine, glycyl-L-phenylalanine, L-
alanyl-L-phenylalanine, wr-leucyl-L-phenylalanine, phenyl-
alanylglycine, L-phenylalanyl-L-leucine, L-tyrosine, glycyl-L-
tyrosine, L-alanyl-L-tyrosine, and L-tyrosylglycine were pur-
chased from Sigma London Chemical Co., Ltd. Solvents

1 Part II, K. D. Bartle, D. W. Jones, and R. L’Amie, preced-

mg paper.
? K. D. Bartle, J. C. Fletcher, D. W. Jones, and R. L’Amie,

Biochim. Biophys. Acta, 1969, 160 106.
2035?1 G. R. Pachler, Spectroc}nm Acta, 1963, 19, 2085; 1964,

¢ R. J. Abraham, L. Cavalli, and K. G. R. Pachler, Mol.
Phys., 1966, 11, 471.

5 R. J. Abraham and G. Gatti, J. Chem. Soc. (B), 1970, 961.

8 G. C. K. Roberts and O. Jardetzky, Adv. Protein Chem.,
1970, 24, 448.

were deuterium oxide (99-7%, isotopic purity) from Prochem
Ltd., sodium deuterioxide (409, solution in 99% deuterium
oxide) from Fluka AG, and 999, deuteriated trifluoroacetic
acid from CIBA (ARL) Ltd. The internal reference
was sodium 3-trimethylsilylpropane-1-sulphonate (Merck).
Acidities, pD, were estimated ? by adding 0-4 to the pH
measurement made on an EIL GHM 23/B meter with a
glass electrode and potassium bromide salt bridge.

Spectra—H N.m.r. spectra were recorded for 0-5M-
solutions of samples in D,0, with additions of NaOD,
borax, or CF,*CO,D as indicated, on a Varian A-60 spectro-
meter. The temperature of samples in the V-6057 variable-
temperature probe ranged from 283 to 353 K and was
estimated from the line separation in an ethylene glycol
sample.

Calculations.—From ABX starting values for chemical
shifts, v, and coupling constants, ABC spectra were refined
by the iterative program LAME (Mr. C. W. Haigh) modified
for operation on the Bradford University I.C.T. 1909 com-
puter to yield, for example, the envelope shown in the
lower half of Figure 1.

For the ABX cases, alternative solutions are possible.®?
‘While computer refinement of conjugate solutions 1® of
ABC/AMX systems converges to the solution nearer to the
starting parameter, only one solution here is compatible
with expected J values. For 0-5M-phenylalanine in 49,
NaOD, for example (Table 4), the ABX solutions (i)
(Jap —134), Jax 81, Jpx 47; and (i) (Jap —13-4),
Jax 124, Jpx 0-5 Hz may be compared with the ABC set:
Jas —135, Jag 7-6, Jpo 54 Hz. Further, only one con-
jugate solution should agree with either solution at another
frequency;*® Cavanaugh !! found close agreement between
the following analyses of phenylalanine; at 60 MHz: Jap
—1345, Jao 7°75, and Jpo 5-34 Hz; and at 100 MHz:
]AB—1348 ]AC777 a,nd]BC 5:53 Hz.

RESULTS AND DISCUSSION

Asparagine and Aspartic Acid Dipeptides with Glycine
and Alanine.—Analysis of the aliphatic ABC spectra of

7 P. K. Glasoe and F. A. Long, J. Phys. Chem., 1960, 64,
188.

8 K. D. Bartle and D. W. Jones, J. Mol. Spectroscopy, 1969,
82, 353.

® P. L. Corio, ‘ An Introduction to the Analysis of Spin-Spin
Sphttmg in High-resolution Nuclear Magnetic Resonance Spectro-
scopy ’ Benjamin, New York, 1962, p. 71.

R. J. Abraham and S. Castellano, J. Ckem. Soc. (B), 1970,

49.

11 J R. Cavanaugh, J. Amer. Chem. Soc., 1967, 89, 1558.
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pD

10-4
10-4
10-4
10-4
13-4
13-4
13-4
13-4

[NaOD] /™
1-0
1-5
2:0

pbh

T/K

283
303
333
363
283
303
333
3563

303
303
303

661
TABLE 1
1H N.m.r. spectral parameters and rotamer populations of aspartic acid, asparagine, and glycylasparagine in
alkaline solution @
Fractional rotamer
Chemical shifts ? (Hz) J/Hz populations
N vB vo ve — va Tan Jac Jso a b ¢
(1) Aspartic acid
1459 155-2 229-5 9-3 —16-8 8-7 3-7 0-55 0-10 0-36
145-6 154-9 229-2 9-3 —16-8 8-7 37 0:55 0-10 0-356
145-0 154-3 228-6 9-3 —16-8 8-7 37 0-65 0-10 0-356
145-6 154-9 229-2 93 —16-8 87 37 0-566 0-10 0-356
138-8 157-9 214-1 19-1 —154 9-5 39 0-63 0-12 0-25
138-8 157-9 214-1 19-1 —15-4 9-5 39 0-63 0-12 0-25
137-8 156-9 213-0 19-1 —15-4 9-5 39 0-63 0-12 0-26
138-0 157-1 213-0 19-1 —15-4 95 39 0-63 0-12 0-26
(2) Asparagine
145-2 159-0 213-7 13-8 —14-7 88 4-8 0-56 0-20 0-24
145-9 159-3 214-2 13-4 —14-6 8-7 4-7 0-55 0-19 0-25
147-1 160-3 215-3 13-2 —14-7 8-8 4-9 0-56 0-21 0-23
(3) Glycylasparagine
160-8 167-3 272-5 65 —152 9-0 4-5 0-58 017 0-25

13-4

@ Solutions 0-6M in D,O, with 0-5—2:0M-NaOD.

reference).

303

TABLE 2

¢ Downfield from sodium 3-trimethylsilylpropane-1-sulphonate (internal

Variation with temperature and pD of solvent ¢ of *H n.m.r. spectral parameters of aspartic acid residues in dipeptides

Peptide
(4) Gly-Asp®
(4) Gly-Asp
(4) Gly-Asp
(4) Gly-Asp
(4) Gly-Asp
(4) Gly-Asp
(4) Gly-Asp

) Ala-Asp
) Ala—Asp
) Ala—Asp
)

5
5
5
5) Ala—-Asp

s

s Solvent D,0 with 0-25—2-0M NaOD for all except first row.

(internal reference). ¢ 19, Borax in D,O.

pD of
solvent
4-4
4-9
7-2

7-2
13-2
13-2
135

13-0
13-0
13-3
13-3

Rotamer Other shifts and
Chemical shifts (Hz) J/Hz populations couplings (Hz)

I ut ) — - I ot S - -
TIK VA VB ve v —va JaB Jao JBo a b [4 GlyCH,
303 1535 165-7 268:6 12-2 —158 99 39 0:66 0-12 0-22 232
303 156-7 167-3 270-8 10-6 —159 94 41 062 014 024 232
303 150-9 163-8 270-0 12-9 —157 96 39 061 0-13 026 228
363 150-5 1615 2674 11-0 —154 91 41 0-59 0-13 028 226
303 1520 160-7 2690 87 —156 92 41 060 013 0-27 200
353 15156 1591 267-0 76 —150 86 4.2 0-54 015 0-31 200
303 152-1 1600 2645 81 —153 90 42 0-57 016 028 200

AlaCH, CH Jomcm

303 151-2 158-9 263-5 77 —154 91 4-3 059 015 0-26 76 210 6-7
353 151-3 1579 262-3 66 —150 84 4-2 052 014 0-34 75 208 67
303 152:4 1589 262-0 65 —154 91 41 0569 0-13 0-28 72 207 67
353 152:1 15756 261-1 54 —15:0 82 4-4 0561 0-16 0-33 74 206 6:7

TABLE 3

¢ Downfield from sodium 3-trimethylsilylpropane-1-sulphonate

Comparison of room temperature ? spectral parameters of alkaline solutions ® of phenylalanine and phenylalanyl
residues in dipeptides

Peptide pD
Phe 13-2

Gly-Phe 13-1

Ala~Phe 13:2

Leu-Phe 13-1

Phe-Gly 130

Phe-Ala 13-0

Phe-Leu 13-0

Chemical shifts (Hz)

VA

VB vc

170-9 182-5 211-4

176-8 192-3 269-0

17564 191-3 263-0

177-3 1947 268-0

174:0 181-0 2250

172-0 180-7 220-0

VAB
177-0

220

Rotamer
J/Hz populations
—_— — A — - A N
vg —va Jas Jac  Jee a b c
11-6 —13-5 7-6 54 045 025 029
165 —13:7 8-5 50 054 022 024
15-9 —137 8:6 50 055 022 023
17-4 —13-8 9-2 4.8 060 020 0-20
7-0 —13-4 81 51
87 —13-4 8-0 4-8
6:3
s 303 K. ? 0-5M-Peptide in 1-0M-NaOD.

Aromatic

shift
(Hz)
441

440

440

438

438

Other shifts and
couplings (Hz)
GlyCH,
192
AlaCH, CH  Jemom
67 198 6-8
Leu(CH,), CH-CH, CH
48 75 195
GlyCH,
229
AlaCH, CH Jom,om
80 248 7-0
LeuCH; CH-CH, CH
52 91 251
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alkaline solutions of aspartic acid (Asp) (1) CH, (CO,H)--
CH:(NH,)-CO,H shows no change of coupling constants,
and hence of normalized rotamer populations, with
temperature (Table 1); presumably solvation, enhanced
by the presence of the second negative group, hinders
rotation. The larger ¢ and smaller ¢ at pD 13-4 than at
104 may be a consequence of stabilization of electro-
static repulsion between the two CO,~ groups; at
pD < 104, those amino-groups still present as NHg*
will stabilize rotamer (III) by attraction to the CO,~
groups. This explanation is consistent with the smaller
a, almost independent of pD (Table 1), when CO-NH,
replaces CO,H, as in asparagine (AspNH,) (2) CH,-
(CONH,):CH-(NH,)-CO,H.

In aspartyl (Asp) residues of the dipeptides glycyl-
aspartic acid (Gly-Asp) (4) and alanylaspartic acid
(Ala-Asp) (5) (Table 2), Ja¢ decreases with pD, just as for
aspartic acid!? In contrast to phenylalanyl (Phe)
residues in the XPhe peptides, Asp residues in XAsp
peptides exhibit a small convergence of the vicinal
coupling constants by comparison with the parent
amino-acids at pD 13-4 (Table 2). Replacement of the
amino-group by the peptide bond and the glycyl residue
would make rotamer (I) sterically less attractive. For
asparagine, where R! is CO-NH,, and for Gly-Asp
(Table 1), there is a small divergence in the vicinal
coupling constants from asparagine to the Asp residue
in Gly-AspNH,. Such a difference in behaviour be-
tween AspNH, and Asp may be due to the high popula-
tion of rotamer a in Asp (0:63; 0-56 in AspNH,).

In acidic solution (pD <1-5), both Asp and Gly-Asp
give deceptively simple (five-line) ABX spectra at 60
MHz (although at 220 MHz the spectral® have a
well defined eleven-line ABX form); (Jax + Jx)/2 is
5-3in Asp and 5-8 Hz in glycyl and alanyl peptides.

Phenylalanine and Tyrosine Dipeptides with Glycine and
Alanine.—From room-temperature spectra (Figure 1) of

FiGure 1 Experimental (upper) and computed (lower) 60 MHz
1H n.m.r. spectra of 0-5M-phenylalanine in 0-5M-NaOD solu-
tion. Shifts are downfield from sodium 3-trimethylsilyl-
propane-l-sulphonate (internal reference)

0-5M-phenylalanine in NaOD concentrations of from

1-0 to 4-0M, chemical shifts and coupling constants have

been extracted (e.g. see top line of Table 3 for the case of

1-0M-NaOD, <.e. pD = 13-2) and fractional rotamer
populations (Table 4) deduced. With pK =9-22,14 the
amino-acid should be fully ionized to the anionic form

13 F, Taddei and L. Pratt, J. Chem. Soc., 1964, 1553.
13 B, J. Dale and D. W. Jones, unpublished measurements.
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TABLE 4
Variation with [NaOD] of coupling constants and rotamer
populations of phenylalanine in aqueous solution ¢ at
room temperature ®

J/Hz Rotamer populations
———
[NaOD}/m  Jaz  Jac Jrc a b c
1-0¢ —135 176 54 045, 025,  0-29,
1-5 —-136 775 52 0-47, 0-24, 0-29,
2-0 —13-5 80 52 0-49, 0-23; 0-27,
2:5 —13-56 8156 52 0-50; 0-23; 0-26,
3-0 —13-6 8256 495 051, 0-21, 0-27,
4-0 —13-5 88 4-7 0-56, 0-19, 0-25,
s 0-6M in D,O. % 303 K. ¢ pD = 13-2 in 1-0M-NaOD.
2+~ {a)
18~ fe)
W~
=L
7“ 0~
[
2
1
L 6
Jilz

Ficure 2 Chemical shift differences, vg — vs, vs. coupling
constants, Jpc (a) and Jso (b), for phenylalanine at a series
of concentrations of NaOD
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Ficure 3 Chemical shifts (va + v8)/2 and »o in phenyl-
alanine vs. concentration of NaOD

-
=
=]

even at pD 13-2, so that changes in J 0 and Jpg (Table
4 and Figure 2) and in chemical shifts (Figures 2 and 3)
1 R, J. F. Nivard and G. I. Tesser, ‘ Comprehensive Bio-

chemistry,” eds. M. Florkin and E. H. Stotz, Elsevier, Amsterdam,
1965.
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can hardly be attributed to incomplete ionization;
further ionization of the carboxy-group should affect the
nearer «-methine proton more than the B-methylene
protons, whereas their chemical shifts change to the same
extent (Figure 3). The J,, of 6-30 Hz extracted from
the lines of (vg — va) vs. Jao, Jeo (Figure 2) is close to
the 625 found by Pachler 3 in amino-acids.

In Phe, increase in concentration of NaOD (Table 4)
results in a downfield drift (Figure 3) of (va -+ vg)/2, to-
gether with an increase in population of rotamer (I);
in this, both protons A and B can experience some de-
shielding from the carboxylate group, whereas in
rotamers (II) and (III) only A or B can experience the
full effect of CO,~. Such a mechanism cannot explain
the downfield shift of vy (Figure 3). The chemical shift
of the aromatic protons remains constant at 442 Hz,
indicating the predominance of the ring-current con-
tribution to their chemical shifts. The implied fall in
relative potential energy * of rotamer (I) may arise from
solvent-solute interactions, which are likely to be com-
plex since Phe possesses both hydrophobic and hydro-
philic groups. A second possibility is the formation of
ion pairs between the phenylalanate and sodium ions;
concomitant increased bulk of the carboxylate group
could then stabilize structure (I).

The temperature behaviour of the spectra of Phe 16
emphasises the importance of concentration: for 0-3m,
the vicinal coupling constants diverge between 283 and
383 K; for 2-0M, they remain nearly constant; and for
3-0M, they converge. Cavanaugh 1018 attributed the
consequent changes in rotamer population of Phe to
changes in the solvent—solute interactions as the dielec-
tric constant of water falls. For 0-5M-Phe, increase of
concentration of NaOD changed the rotamer population
in the same direction as increase in temperature of
0-3M-Phe. TFurther, addition of electrolytes to an
aqueous solution reduced the dielectric constant,!” pre-
sumably because the charged ions 18 prevent rotation of
the water molecules; this could alter structuring of the
solvent and hence its interaction with the solute. De-
crease in dielectric constant will also enhance the
effectiveness of local electric fields, which will influence
solvent-solute interactions; increase in field strength
would make ion-pair formation more probable.

In Table 3, spectral parameters of phenylalanine are
compared with those of Phe residues in the peptides
XPhe and PheX(X = glycyl, alanyl, and leucyl resi-
dues) in alkaline solution. Similarity of the Phe rotamer
populations of Gly-Phe and Ala-Phe peptides means
that, by comparison with Phe, rotamer (I) becomes more
populated at the expense of rotamers (II) and (III).
Steric considerations would support reduction in ¢, with
bulky groups in close proximity, and would favour a

* Throughout, we assume that rotamer (I) has lower energy
than (II). In a publication following completion of our work,
Newmark and Miller 1 are inclined to regard (II) [labelled (I)
in their Figure 1] as more stable than (I) {their (II)].

15 R. A, Newmark and M. A, Miller, J. Phys. Ckem., 1971, 75,

505.
16 J. R. Cavanaugh, J. Amer. Chem. Soc., 1968, 90, 4533.
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smaller 2 and a larger 5. Such behaviour is even more
evident in leucylphenylalanine (Leu-Phe). Direct com-
parison between the parameters of phenylalanine and
phenylalanyl residues in the PheX peptides is not pos-
sible because the carboxy-group has been lost during the
formation of the peptide bond. For reasons which are
not clear, the spectrum of the phenylalanyl in Phe-Leu
has a five-line rather than a full ABC, appearance.

Spectral parameters of the peptides Gly-Phe, Phe-
Gly, and Phe-Leu, recorded in acidic solution (pD <1-4),
are summarised in Table 5. As before, the vicinal
coupling constants are more divergent in the phenyl-
alanyl residue in Gly-Phe than in Phe itself. Whereas
there is little difference between the respective values of
(v — va) in alkaline solution, (vg — va) nearly doubles
from amino-acids to peptide residue in acidic media.

Coupling constants of glycylphenylalanine and alanyl-
phenylalanine (Table 6) in alkaline solution converge
with increasing temperature over the range 283—353 K ;
the rotamer population ¢ increases at the expense of 4.
For Gly-Phe in alkaline solution, neither change in
peptide nor change in NaOD concentration appears to
have any marked effect on the phenylalanyl coupling
constants (Table 6). Two changes in the chemical shift
are noticeable. First, as NaOD concentration increases
from 1 to 3Mm, there is a similar small downfield shift of
the Phe resonances to that in phenylalanine under the
same conditions. Second, reduction of the concentra-
tion of NaOD to 0-25M shifts the glycyl methylene reson-
ances 5 Hz downfield; this is in the direction of the
methylene resonances in the dipolar ion.’® Since the
glycyl peak has collapsed to a broad hump, it is con-
cluded that exchange is taking place between the
dipolar and anionic forms of the peptide, an explanation
consistent with the pD of the solution (10-9).

In tyrosine (Tyr), coupling constants (which are in
satisfactory agreement with other recent measurements,
where they overlap #) diverge over the temperature
range 278—333 K (Table 7), with rotamer (I) gaining at
the expense of (III). Neither reduction of concentra-
tion of Tyr to 0-1M nor increase of concentration of
NaOD to 2-0m has any significant effect on the spectral
parameters. In all the Tyr spectra at 303 K, lines were
of such a breadth (W3 1-0 Hz) that small changes (0-1 Hz)
in J would remain undetected. This greater breadth of
Tyr than Phe lines is puzzling in view of the similarity
of the amino-acid structures. It is likely to be a conse-
quence of slow interconversion and hence incomplete
averaging of individual ABC spin systems from the
several rotational isomers, perhaps as a result of self-
association or solvent-solute interaction. Unlike Phe
residues (Table 5), Tyr residues in Gly and Ala peptides
give aliphatic spectral parameters which vary very little

17 J. B. Hasted, D. M. Ritson, and C. H. Callie, J. Chem.
Phys., 1948, 16, 1.

18 G. H. Haggis, J. B. Hasted, and T. J. Buchanan, J. Chem.
Phys., 1952, 20, 335.

1 A. Nakamura and O. Jardetzky, Proc. Nat. Acad. Sci.,
U.S.A., 1967, 58, 2212.

20 J, R. Cavanaugh, J. Amer. Chem. Soc., 1970, 92, 1488,
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TABLE b
Room-temperature ¢ spectral parameters of phenylalanine, aspartic acid, and their simple peptides in acid solution ?
. . Chemical shifts (Hz) J/Hz
Amino-acid — A N y — Other chemical shifts (Hz)
or peptide va B vo vB — ¥ Jas Jao Jeo - = N
Phe 195-3 202-1 263-1 6-8 —14-9 77 54
Gly-Phe 184-7 196-9 291-2 12-2 —14-8 9-0 5-9 GlyCH, 233
Phe-Gly 195-0 262-0 7-6 GlyCH, 241
Phe-Leu 198-0 265-0 7-0 LeuCH, 53 CH-:CH, 97 CH 266
Asp 189-5 2639 5-3
Gly-Asp 180-1 289-6 58 GlyCH, 234
Ala—Asp 182-8 292-0 5.7 AlaCH; 94 CH 249-56 Jomyecrm 7-0
¢ 303 K. % 0-6M in D,O containing 10% w/w CF4CO,D. ¢ Downfield from sodium 3-trimethylsilylpropane-1-sulphonate

(internal reference).

TABLE 6

Effect of temperature and concentration on 'H n.m.r. parameters of phenylalanine residues in alkaline solution

Rotamer Other chemical shifts
Chemical shifts ¢ (Hz) J/Hz populations and couplings (Hz)
[Peptide] [NaOD}/m T/K v w8 w vs—va Jas Jac Jsc a b ¢ Ph GlyCH,
0-6M-Gly—Phe 1-0 283 176-6 192-5 2685 159 —137 88 50 056 022 0-22 440 192
(pD 13-1) 303 176-8 192-3 2690 155 —13-756 85 50 054 022 024 440 193
323 177-4 1924 2690 150 —13-8 84 50 0-53 0-22 0-25 440 193
343 1792 1935 2700 14-2 —138 81 50 0-50 0-22 0-28 439 193
353 179-8 193-8 2700 14-0 —1375 81 4-9 0-50 0-21 0-29 439 194
AlaCH, CH  Jemcn
0-5M-Ala—Phe 1-0 303 175-4 191-3 263-0 159 —13-76 86 5:0 055 0-22 0-23 67 198 6-8
353 176-3 191-6 2650 15-3 —13-7 805 51 049 023 0-28 67 200 6-8
Ph  GlyCH,
0-25M-Gly—-Phe 1-0 303 176-8 191-7 268-3 14-9 —13-75 86 4-8 0564 020 026 440 193
(pD 13-3)
0-1M-Gly—Phe 1-0 303 177-0 192-0 2687 15-0 —137 85 5:0 053 0-22 0-25 440 193
(pD 13-3)
0:5M-Gly—Phe 0-25 303 1750 1906 2689 156 —14-0 87 49 056 021 0-23 440 198
(pD 10-8)
0:5M-Gly—Phe 30 303 1832 1983 2745 151 —14:1 8:6 52 055 024 0-21 440 195
(pD 13-6)

¢ Downfield from sodium 3-trimethylsilylpropane-1-sulphonate (internal reference).

TABLE 7

1H N.m.r. spectral parameters and rotamer populations of tyrosine and tyrosyl residues in dipeptides in alkaline solution

. Rotamer
[Peptide/ Chemical shifts ¢ (Hz) J/Hz populations Other shifts
amino- ~ - e N - > and couplings (Hz)
acid) [NaOD]/m pD T/K vB vec vo—va Jap Jao Jec a b — A .
0-5M-Tyr 2-0 >13 303 1618 1729 2049 111 —134 7 52 0-44 0-23 0-34
0-5M-Tyr 1-0 127 278 163-2 169-5 205-2 63 —134 68 52 0-39 023 0-38
1-0 127 308 160-5 171-5 2046 11-0 —13-4 7-4 52 0-44 023 0-34
1-0 12.7 338 158-8 171-8 204-2 130 —13-6 7-8 51 047 021 0-31
0-1M-Tyr 1-0 127 303 1584 169-8 2056 114 —13-4 74 51 0-44 023 0-34
GlyCH,
0:6M-Gly-Tyr 1-0 13-0 283 16756 1793 263-0 11-8 —139 77 53 046 0-24 030 194
1-0 13-0 303 167-5 1789 262:0 1119 —139 7-7 52 046 0-23 031 194
1-0 13-0 333 1674 1792 262-8 11-8 —13-8 7-7 53 046 024 030 193
1-0 13-0 353 1672 179-1 2625 1119 —139 7-6 53 045 024 031 193
AlaCH; CH Jcm,crm
0-56M-Ala~-Tyr 1-0 131 283 1662 1779 2685 117 —139 7-6 53 045 024 0-31 68 201 6-8
1-0 13-1 303 1660 177-8 2690 11-8 —13-8 7-6 52 045 023 0-32 69 202 6-7
1.0 131 333 166-3 1780 2695 117 —139 77 52 046 0-23 0-31 68 202 6-8
-0 13-1 353 1665 1784 2699 119 —139 77 52 046 0-23 0-31 68 202 6-8

s Downfield from sodium 3-trimethylsilylpropane-1-sulphonate (internal reference).

with temperature. Further, vicinal constants of Tyr
residues in peptides differ less from those in tyrosine
(Table 7) than do Phe couplings in peptides from those
in phenylalanine (Tables 5 and 6).

Overall, the differences in H n.m.r. spectral behaviour
between parent a-amino-acids in isolation and the corre-

sponding residues in dipeptides emphasise the care needed
in predicting the behaviour of residues in larger peptides.
Even in dipeptides, conformational isomerism about the
NH-CH bond is superimposed on that about the C,~Cg
bonds of the amino-acid; the peptide bond is taken to be
planar and #rans. C,~Cg Rotamer populations are calcu-
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lated from measured coupling constants, together with
theoretical coupling constants J,; and J, which depend
mainly on the atoms directly bonded; such calculations
will not be influenced much by the nature of any N-C
rotations.

For alanyl dipeptides, Bystrov et al.2! found from 1H
n.m.r. and i.r. studies that the rotamers with the amido-
hydrogen atom eclipsed by some other group (NH and
CH cis-O, gauche-120, and gauche-240°) were pre-
ferred to those with NH gauche to other groups (frans-
180, gauche-300, and gauche-60°) [Figure 8 of ref. 21].
Models of Gly-Asp and Gly-Phe, constructed with
CyCg in its preferred conformation (I), show that, of the
six classical NH-CH rotamers, c¢ts-O and #rans-180°
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would be most hindered sterically and gauche-240 and
gauche-60° least hindered; gauche-300° would be some-
what hindered and gauche-120° might just be possible.
Thus the preferred C,—Cz conformation (I) would be
compatible with both eclipsed and gauche conformations
about NH-CH.

‘We are grateful to Mr. B. J. Dale, Dr. J. Feeney and Dr.
J. E. Sarneski for helpful conversations, to Mr. C. W. Haigh
for the programe LAME, and to the Wool Textile Research
Council-Wool Industries Research Association for financial
support (to R. L’A).
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