
PROTON MAGNETIC RESONANCE SPECTRA OF SOME 

PEPTIDES OF L-LEUCINE AND GLYCINE 

Aktract PAIR spcclra of all the dr-. 111.. wtra- and pcnlapcplldc\ of glycmc contammg a smglc L-kucyl 

rwdw habe ban rccordcd m I),0 at 60 MC s Two of the corresponding hcxapcptrda and three peptrdcs 

contammg IUO I -lcucyl rcsldue uerc al\o studred AI least four r)pcs of glycjl mcrhyknc protons can be 

drstmgurshcd by thcrr chcmlcal shlfls hug only three gym of x-mcthmc leucyl protons The protons of a 

glycyl restdue ncxl IO the N-rcrmmal restdue have a chrrrcrcrwlc chcmrcal shift and are somerrma In- 

qulvalenr. The rcwlrs are drscusud rn term> of proton chcmlcal-\hlft change m an amino acrd or pcptrde 

on acyldrwn or amrdatmn and also on sarlatmn of pH 

IN IRODI’(‘TION 

IF; Rt.(‘Eh-1 ORD studies.“’ some unexpected features were found in the curves of a 
number ofdi-. tri-. tetra- and pentapeptides of L-leucinc and glycine which contained a 

single t.-leucyl residue. The unusual aspects of the results may be summarized as 

follows. For the tetra- and pentapeptides. minima in the ORD curves were observed 
when the r-leucyl residue occupied the first internal position (i.e. adjacent to the 

N-terminal residue).‘.’ or the C-terminal position. *.’ The four N-terminal leucyl 

compounds in neutral solution as zwitterions gave a set of closely related and feature- 

less curves.’ However at low pH, with a - COOH group on the C-terminal residue, 
the rotations decreased from their respective zwitterionic values by amounts which 

were linearly related to the peptide chain-length.’ 
These optical effects may result from conformational factors operating on the 

chromophores adjacent to the asymmetric C atoms in the peptides concerned, and 
it seymed that the PMR spectra of the compounds might also reveal the elTecr 

of such factors. In fact we can find no obvious correlation between the ORD and the 
PMR results. However, the PMR spectra themselves are of interest and they arc 

presented here. 

Since the ORD data were obtained with aqueous solutions, D,O was used as 
solvent for the PMR studies. In D,O the peptides retain their dipolar ionic form and 

only protons attached to carbon are revealed in the spectra; those linked to amino 
and amido nitrogen are exchanging rapidly with D,O and contribute to the HDO 
peak. The results are collected in Tables 1 and 2. The assignments in Table 1 for the 
glycyl methylene protons have been made by noting the systematic absences produced 
by incorporating L-leucyl or t.-alanyl residues and by extension of Sheinblatt’s 
assignments for glycylglycine and glycylglycylglycine.4 His assignments were made 
on the basis of the changes in chemical shift as the pH was varied through the amino 
and carboxyl pK regions. 
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Chemical shift 
Pcptldc - - _._. -_- ____.._ 

Cti,. CH 

multipkt. 
-. 

Gly-L-ala 
Gly-L-val 

Gly-L-ku 

L-Alagly 

I.-Valgly 

L-Lcugly 

Glygly-I.-lcu 

Gly-t.-alagly 

Gly-L-kugly 

L-Akglyg)y 

L-f-cuglygly 
Glyglye]y-L-ku 

Glygly-L-lcugly 

Gly-L-kuglygly 

L-l-cuglydygly 

Glyglydydy-L-ku 
Glyglygly-L-kugly 

Glygly-I.-kuglygly 

Gly-I.-lcuglyglygly 

L-~uglYelYglY3Y 
Gly-I -Icuglyglyglygly 

98.93 

105. IO1 

98.93-5 

I0I.W 

KH BCH 
multipleI* 

- - -- .- .- 

2SI5(J = 7) 

243.5 (I - 5.5) 123 

2505(1 = 70) 

246.5 (J - Xl) 

228.5 (I = 6Q) I30 

240(1 - 70) 

253 (I = 70) 

265(J - 70 

264(1 = 70) 

249.5 (J - 70) 

8 

252(J = 7) 

264(J .- 7.5) 

2615(J = 7.5) 

e 

ZSl.S(J = 7) 

264.5(1 = 73) 

262 (/ = 7 5) 

264(1 -7) 

0 

263(J - 7) 

106.102 

97.93 

101.96 5 

101.96.5 

106.5. 102 

97 5.935 

101.96-5 

101.97Q 

101.97 

107. 102.5 

1015. w.5 

Side-chain 

--c‘HJ 
-. - 

Ro(J - 7) 

545. 52.5 (J - 7) 

54(1 = 4) 

92-2 (/ = 75) 

620(1 - 65) 

SS(J - SO) 

55.5. 52 

Iu(I = 7Q 

56. 52-5 

93O(J = 70) 

570(1 - 50) 

545. 51 

58. 55-5. 52.5 

58.5. 56.5. 53 

57(1 - 65) 

545. 51 

58. 55. 52.5 

SR. 56. 53-5 

56.5. 53Q 

S7(J 0 5.5) 

57. 52 

l Compkx multiplct; values arc approximate ccntre positIons 

0 Trqrlct masked by mtcmal CHr resonances 

If the chemical shift of a proton attached to C, in a peptide amino acid residue is 
determined mainly by the electroncgativities of the three other attached groups and the 
magnetic anisotropies of these groups, then one might expect three distinct types of 
C, protons, namely those of N-terminal (I). internal (II), and C-terminal residues (III). 

-CON0 Dr\/R \I 
CA .L 

The spectrum of gly, is in accord with this expectation. However, the spectra of 
gly, and gly, show that at 60 MC/S up to five individual mtthylenc resonances can 
be distinguished and that the internal category must be subdivided. In fact with all 
the tctra- and higher peptides the glycyl methylene protons of the first internal position 
are easily distinguished from those of tbe other internal gIycyl residues Sometimes 
the second and third internal glycyl protons are wcllcnough separated to be resolved 
(gly,-~-let& 2 c/s; gly,. I c/s; L-leugly,, I c/s) and sometimes not (gly-L-leugly,). 
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In Table 2 the chemical shifts for the a-methine proton and side-chain protons of 
the residues other than glycine are listed. As with the glycyl residues, the N-terminal, 
C-terminal and internal residues each have characteristic a-methine proton chemical- 
shift values. But in contrast to the subdivision of the glycyl internal residues, there is 
no obvious distinction between the first internal and other internal leucyl residues, 
despite the fact that an ORD minimum is associated with t.-leucine in the first- 
internal position in the tetra- and pentapeptides. Neither is the ORD distinction 
between gly,-t.-leu and gly,-t_-leu reflected by any gross difference in the chemical 
shifts of the a-methine proton of the C-terminal residue in these two compounds. 

The distinctions within the internal glycyl category probably stem from the N- 
terminal amino acid residues, either directly through long-range shicldings or in- 
directly from preferred conformations involving the two flanking peptidc groups and 
the N-terminal residue. For the gly, zwitterion, the internal glycyl protons are 
separated by 4 c/s, but this difference drops to 2.5 c/s in the anion where the terminal 
amino group is uncharged (Table 3). Again, if the N-terminal residue is replaced by 
an acetyl group to make acetyl-gly, then the corresponding internal glycyl residues 
are not distinguishable. 

The assignments given in Tables 1 and 2 are self-consistent and it seems that at least 
four distinct glycyl environments do persist as the position in the chain of the leucyl 
residue is changed. 

Chemical shifts on peptide formation 

From a given amino acid, two types of dipeptides can be made, one by acylation of 

the NH, group and the other by conversion of COO- into a peptide linkage. 
Both of these conversions result in downfield shifts of the protons on C, and thcsc 
shifts (called N-acylation and C-amidation) are summarized in Table 4. 

For N-acylation of an amino acid zwitterion. the shifts of the two glycyl protons 
(-0.2 ppm) are sharply distinguished from the shifts of the methine proton in an 
a-substituted residue (-04 ppm). The difference between the two shifts is similar to, 
but smaller than, the differential observed upon acylation (esterification) of primary 
and secondary alcohols, where the shifts are about 05 and IO ppm respectively. 
The explanation advanced for the esters was that in the secondary ester the C, 
proton is in or near the plane of the -- OCO-C-- group and subject to considcrahle 
magnetic-anisotropy deshielding.’ These N-acylation shifts suggest a small prcfcrcnce 
for a similar conformation (IV) involving the C-terminal residue and adjacent amide 

group in these C,-substituted pcptides. 
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h’-acylarion (D,k’HR*CO- - CONDCljR~CO 1 

Glycyl AcClYl 

Acylarmg rcslduc 

Acylared 

Alanyl Valyl Lcucyl Glycyl- Dtglycyl- mowly 

glycyl glycyl 

023 

016 

0 4 I 
047 

o-46 

0 31 

040 

0 18 

0 I6 

0.3u* 

0.23 021 

D IS 
. 

glycme 

glycyl-glycmc 

alanine 

valine 

leucinc 

alanyl-glycinc 

lcucyl-glycinc 

C-amldatlon (D,l’kHR*<‘OO- - D,kCHR.COND 1 

Amldakd 
residue - 

Glycinc 

Amidarmg moiety 
-.- ._ ._ _ _ 

Alaninc Valmc Leucmc Glycyl-glycme 
- _-. _ .- _..... .- 

Glycyl 028 027 @xl 025 032 

Alanyl 032 032. 037 

Valyl 022 

Lcucyl o2n 02n 

l Values from Ref g. 

The N-acylation shifts of the dipcptides, when acylated by either an amino acid 
or glycylglycinc. show much the same differential as the amino acids themselves. 

Thus a confirmation similar IO (IV). in which the z-mcthinc proton ofa first or second 
internal C,-substituted residue is nearly coplanar with the peptide group. may also 
be preferred in the higher peptides. 

There is no consistent distinction between the C-amidation shifts of glycine and the 
other amino acids. 

Eflecr ofcharye an proton chemical shijts ojpeprides 

In D20 the amino acids and their peptides exist in the zwittcrionic form. Acidifi- 

cation converts COO to -COOD and this change results in a downfield shift 

of the protons attached to C,. Removal of the positive charge on ND; by addition 

ofalkali causes an upfield shift ofthe C, protons. These ionization shiftsarc summarized 

in Table 5. for amino acids, di- and tripeptides. 
Apart from glycine itself, the neutralization of ND; generally has a larger clfect 

on chemical shifts than the neutralization of X00-. This differential effect is also 

felt by (i) side-chain protons further away from the charged site, e.g. f3. y. 6 protons in 
a lcucyl residue and (ii) protons of residues adjacent to the one whose charge is 
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ppm upfield for 
. 

-ND, 4 -ND, 
-- .._. _ 

Glycme 039 
Atanine 039 
Valinc 0 3R 
Lcuane @37 

Glygly 028 

hugly 026 

hugly * 027 
Valgly 028 
Glyval O-27 

Gly, 027 

Gly. 023 

_ ._ 
039 
046 
c?53 
DIR 
048 
064 
065 
065 
OS2 
052 
OS2 

Ably 026. 0 62’ 
Glyala 027. 053. 
Gly,ala 023. 052’ 

Alagly, O-27. 062. 

ppm downfield for 

AXKI + COOD 

l Valua from Ref. g 

being changed, e.g. the two internal CH, resonances in gly, move slightly more on 

anion formation than on cation formation. 

The difference between the carboxylate-neutralization shift and the C-amidation 
shift is small (about @I ppm) and reflects the similarity in magnetic shielding effects 

of the COOH and XONH groups. It also accounts for the greater number of 
distinct glycyl-residue positions recognized in this work in D1O at 60 MC/S compared 

with that of Bovey and Tiers6 Since their spectra were obtained at 40 MC/S in tri- 

fluoracetic acid, the distinction between the internal residues (XH,CO*NH. ) 
and C-terminal residues, present as CHICO-OH. is very small. Gly, was run here 
in trifluoroacetic acid and showed perhaps three methylene resonances at 258, 255 

and 253.5 c/s in contrast to its five a-proton resonances in D,O. 

Proton inequiualences 

Mandel has reported that the glycyl CH, protons adjacent to the L-leucyl residue 

in t_-leugly and t_-leugly, are inequivalent in D,O,’ and recently van Gorkom has 
observed a similar inequivalence of the methylene protons in t_-alanylglycine.’ 

We have also observed these inquivalences for the zwitterions and, in addition, 

find that the glycyl protons of t.-valylglycine are inequivalent (Table 1). The line- 

widths in the L-leugly, zwitterion indicate that the splitting of the methylene protons 

of the first-internal glycyl residue is less than 1 c/s. 
The AB quartets from the glycyl CH, protons were identified in the spectra of the 

zwitterions of t_-valgly and t_-leugly and the AB chemical-shift differences were 
calculated as 017 and 019 ppm respectively, both with J,, = 17.5 c/s. The weaker 

outermost lines of the quartet for t-leugly, were not clear, but those of the central 
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pair were separated by about 2 c/s which, with J = 17.5 c/s, indicates an AB chemical- 
shift difference of about O-1 ppm. For t_-leugly, the difference is less than 043 ppm. 

Thus in the N-terminal t_-leucyl peptides the chemical-shift difference between the 
methylene protons of the adjacent glycyl residue is dependent on the chain-length 
of the peptide. In trying to determine the origin of this inquivalencc WC have found 
that in the anions and cations of valgly. leugly and leugly, the inquivalence has 
disappcarcd (see Table 3). but for the valgly zwitterion the inquivalence remains up 
to 90’. 

The chemical-shift difference between the protons of the two isopropyl Me groups 
in the t.-valine dipeptides gives an indication of the magnetic asymmetry in another 
part of these molecules. Chemical-shift differences for these Me protons, and for some 
related valine compounds in various ionic forms, are given in Table 6. t_-Valylglycine 

Chcmlcal-shift dUTcrencc In c s 

Compound 
a1 60 MC 5 

Anton Zulrrcrlon <‘allon 
.-__ - 

I -Valmc 4 0 30 IR 

Acetyl-L-valine 20 

L-Valgly IS 0 0 

Gly-1:val I5 20 <05 

L-Vnlme methyl ester hydrochloride 0 

is unique among these in that the Me groups are quivalent in the zwitterionic form. 
The side-chain Me protons of the leucyl peptides also show some indication of 

inquivafence. For two quivalent Me groups coupled with one CH proton, a Me 
doublet is expected and this is most nearly realized in the peptidcs with N-terminal 
L-leucine. In C-terminal leucyl peptides and in peptides containing internal leucyl 
residues the methyl resonances are more complex. (Table 2). 

Line-width changes during ionization of ammonium group 

It has been noted before that during dissociation of the NH; group of amino acids 
the line-width of the protons on the adjacent a-C atom increases.’ The spectra of gly, 
and gly, in the pH range 5 to 11 show a considerable broadening of the N-terminal 
CH, resonance. This becomes a maximum around the pK value (Fig. 1). It seems that 
the line-shapes can be accounted for by exchange between the two sites, - -CH,ND; 
and 41H,NDz, with their respective populations changing in accordance with the 
pH and pK values. 

In the peptldcs studled here. the chemical shifts of the plycyl and lcucyl protons are largely undersrandahle 

m lerms ol the Immcdtatc proronc envlronmcnl. Ilowevcr the spectra also show a number of features 

which reflect rhc long-range cnvironmenf of the protons and somclhing of the conformational balanuc in 

solurmn Wherea rhc ORD results pick OUI IWO spcclal leucyl poslllons m the rctra- and hugher peprIdes 

the PMR resulls show rhc lirsr internal po\irmn as spcclal when occupwd by a glycyl rcslduc In the lelra. 

and higher peptIdes The two tcchnques appear IO k complemenlary. rather rhan supplemenrary 
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0.2 8.5 

8.0 a.5 

Fto. 1 60 Mcs PMR spectra of gly, tuppcr) and gly, (lower) showmg the vartatton of 

line-wtdth of the N-termmal glycyl protons as the pH ts changed through the ammontum 

pK value Magnetic field mcrcascs to the rtght tscc Tables I and 5 for chcmtcal-shaft values). 

The spectra were recorded in Da0 and the pH values. dctermtncd with a glass electrode. have 

not been corrected for thts 

EXPERIMENTAL 

Syntheses for the new compounds dtscusscd m the text have already hccn reported. together wtth thctr 

phystcal constants and rotattonal charactcrtstta.‘O The PMR spectra were recorded on a Vartan A-60 

spectrometer in DrO soln with sodtum 3-trimcthylstlylpropanc-I-sulphonatc as mtcmal rcfcrcncc 
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