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The discrimination between NMR spectra of alanine enantiomers Table 1. Quadrupolar Interactions for Deuterated L- and p-Alanine
. .. i ina
by chiral, collagen-containing tendons has recently been repbrted. N Stretched Gelatin

Gelatin is partially hydrolyzed collagen where the tropocollagen ?H quadrupolar splitting (Hz)
strands are separated to form random coils. Gelatin gels can be extension CD CDs
formed by adding polar solvent leading to a three-dimensional sample factor HDO L ) L D
polymer network that is held together by hydrogen bonds, lacking 14% Gelatin
the covalent cross-links of native collagen. Stretching introduces L-alanined, 0.8 62 39 9

. . . . - . pL-alanined 0.9 72 40 57
anisotropy in gelatin, and alanine enantiomers added to it can thus p _ajanined, 0.9 6
be distinguished by NMR spectroscopye recently described a L-alanineel, 0.9 81 43 63 10
simple apparatus for the rapid and reversible adjustment of the Pt-alanined 21 138 s 10 18

f ; i i 30% Gelatin

degree of allg.nm.ent of NMR samplgs using gfelatln ina S|I|cor1e- oL-alanined 0.9 101 296
rubber tubé. Liquid gelatin is drawn into the silicone tube that is pL-alanineds; 0.9 50 22

then sealed at its lower end, inserted into a bottomless 5 or 10 mm 50% Gelatin

NMR tube, and upon setting of the gel a plastic thumb-screw holds bL-alanined ‘i’-g ggg ézg ﬂg

the silicone tube at various extents of stret(_:hlng._ Preparation of 15 752 202 629

each sample takes only minute$o resolve chiral mixtures there pL-alanineds 0.5 295 38 12

are two adjustable properties of gelatin gels: concentration (w/v) 13 ggg g? g(z)

and stretching (“extension factor® increase in length relative to L-alaninee, 0.25 161 83 21 0

the original length). Concentration has a far larger effect in bL-alanined 0.4 220 111 190 29 10
i d I d dipolar splittings (Table 1): tuning to °-a'anineds 0.5 297 151 250 39 12

generating quadrupolar and dip plitting ( ): ling 0.6 353 193 48 14

a given extent of splitting when stretched is done by choosing the 0.75 418 244 56 16

concentration range (360% w/v); fine-tuning to a given splitting- e ae G Ao’ 2

value is achieved by varying the extension factor. We show here
that alanine enantiomers can be distinguishedHhy?H, andC a Dipolar splittings were too small to be resolved with NMR.
NMR.® This is a general property of gelatin gels, and is a notable

. i i o )
advance on previous related work using liquid crystals. Table 2. 'H NMR Data of L- and p-Alanine in Stretched Gelatin

As was observed for collagéin 2H NMR, the two enantiomers 1”;;*10?;’%'&'“3%‘;":’;’;'0”
R ; e i extension 2H splitting of

of ala}nlne show different(p) qanrupoIar splitting ratios for the sample tactor D,0 (H2) CHCHy CHoch? o
methine (0.6) and methyl residues~@) and can easily be 30% Golatin = =

. . . . (o
distinguished (Table 1, and Figures 1 and Zhese ratios are only L-alanine 15 460 121 ~12 19.7
slightly affected by gelatin concentration. Quadrupolar splittings  p-alanine 15 434 7.4 7.5 5.3
in 50% gelatin are 46 times smaller than in collagénhut the ‘ 50% Gelatin
lineshapes are much narrower and there are no residual isotropic --a/anine 10'5 5%35 147(')2 jg ;g'g
alanine signals. Thus gelatin provides a more homogeneous chiral ' 15 702 19.7 20.0 32.6
environment for guest molecules. p-alanine 10-5 4%516 8431 84é0 507

Dipolar splittings showing clear differences betweenand 15 677 11.9 11.8 8.2

p-alanine were observed iH and 3C NMR spectra (Tables 2
and 3, and Figure 3). We recorded the quadrupolar splitting of the 2 J coupling (in DO) was subtracted; observed nucleus is underlined.
D,0 solvent for each sample as a measure of its alignment. At

50% gelatin the maximurtH—'H dipolar splitting was 33 Hz, 9 The spectra of two enantiomers can also be resolv&CiNMR
times less than in tendons;alanine had larger apparent dipolar  owing to the differenti(/o) 13C—H dipolar splitting ratios for the
splittings thanp-alanine. TheL/p ratio of the apparent dipolar  methine ¢0.5) and methyl residues-g) (Table 3).

splittings for the methine protons was 1.8, whereas that for the e did not observe any saturation effect on splitting values or
methyl groups was 4.0. The ratio of the two distinct apparent proton specific binding of any guests, although high salt concentrations
dipolar splittings (CH/CH-CHg) was 1.7 for-alanine, and 0.7 for  (>1 M) decreased the quadrupolar splittings. PHeandH NMR
p-alanine. As can be seen in Figure 3, thé¢ NMR spectral spectra for DMSO or DMF were largely unaffected by their
resolution of samples embedded in a matrix of 50% gelatin is concentration (5% vs 50% V/v).

remarkably high. For instance, the widths at half-height of the inner  Differences in the quadrupolar and dipolar splittings for enan-
signals of the alanine methine quartet, as compared to alanine intiomers most likely arise from differences in the stereochemistry
D,0, increased only 4-fold to 5.1 Hp{) and 6.4 Hz (-alanine), of the alignmerit(not necessarily binding) of the guests. The results
respectively. presented here are by no means peculiar to alanine or any other
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a) L Table 3. 3C NMR of L- and p-Alanine in Stretched 50% Gelatin
L DD, HDO
H,;N—CH—CO,H / 13C—H dipolar contribution
HDO extension  2H splitting to total splitting (Hz)
J\ CD; sample factor of D,0 (Hz)  “C-Ha BC-Hs B3C(Hz)—'Ha
L L L-alanine 0.5 281 22 -7 ~—5
b) 1 535 44 —-12 —-10
H,N—CD—CO,H 1.5 760 62 —-17 —-14
D | HDO p-alanine 0.5 334 48 -1 ~—5
HDO CD; L/ 1 599 o1 -2 -9
1 L D{D 1.5 806 121 -3 —-12
piL=2:1 1.5 699 103 58 —-2,—15 —10,-14
HDO i i i HDO . oo _ . .
c) l’ | i! “2J coupling (in D:0) was subtracted; observed nucleus is underlined. A
i i i minus sign means opposite signs for J and D.
i i H

L

EOMH D,0 quadrupolar
splitting (Hz)
CH—CH
9 LL c) 1 N
H,N—CD—CO,H NH, 677
b
HDO ) 744

T T T T T T T T T T

T T
10 9 8 7 6 5 4 3 2 1 0 PPm

702
Figure 1. 61.4 MHz2H NMR spectra of deuteratent andL-alanine in
stretched gelatin in gD, at 15°C: (a—c) 50% gelatin, extension factor T T s T ——
1.0; (d) 15% gelatin, extension factor 2.1; a)yalanineds; (b) L-alanine ) ) o
d4, DL-alanined, andpL-alanineds; (c) pL-alanined; (d) L-alaninee,, pL- J/\
alanined. Note the very similar chemical shifts for the different isotopomers M silicone —
but clear resolution of enantiomers. 55 45 35 25 15 05 05 ppm
HDO Figure 3. 400.13 MHz'H NMR spectra ofi-alanine (full spectrum and
114 inset a),n-alanine (inset c¢), and e-enriched mixture ob- andL-alanine
104 D-Ala (inset b). All samples were in 50% gelatin with an extension factor of 1.5.
9 Variation in the BO splitting was due to slight differences in the extent of
£ 8 - stretching.
g 71 L-Ala
= :' the presence of intact human red blood éeffais allowing us to
2 42 use gelatin as a “shift reagent”, resolving peaks from intra- and
g 3] extracellular chemical species.
g 2 i = . —~— L-Ala Potential limitations of the method include (1) line broadening
B e — = . S D-Ala - ; - . .
. - L-Ala in high gelatin concentrations, (2) excessive peak overlap owing
o \ L-Ala to the induced splittings that may not be able to be removed by the
: : : . . . . . HDO available extension or compression factor, and (3) specific (un)-
0 02 04 06 08 10 12 14 18 folding interactions between a host molecule, such as a peptide,
Extension Factor and gelatin
Figure 2. Extension factor dependence?f NMR chemical shifts of each In summary, stretched gelatin gels yield significant and tunable

resonance of quadrupolar doublets observed for LHa¢anine-enriched d | d divol ltti that b dt idl
sample shown in Figure 1b (except there was only one resolved resonanceqfJa rupp ar ar_] Ipolar Sp_' Ings tha _can e USQ 0 rapicly
for p-alanine methine; green line). A clear linear relationship exists between differentiate chiral and prochiral centers in bio-organic molecules.

guadrupolar splitting and the extension factor, although not all resonances .
were resolved at all stretching stages. A similar linear relationship existed ~ Acknowledgment. The work was funded by a Discovery Grant

between splitting and gelatin concentration at constant extension factor. from the Australian Research Council to P.W.K. We thank Dr.
David Philp for valuable discussions.
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