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Intact seeds were among the first biological materials to which c.p.-m.a.s. 

13C-n.m.r. spectroscopy was applied ls2. Recently, seeds and other living plant 

materials with grossly thickened cell walls have been examined by this technique in 

order to reveal the structure ia viva of their cell-wall polysaccharides3. The rigidity 

of the thickened cell walls and the low content of moisture in the seed tissues 

prevented their disintegration due to centrifugal forces in the m.a.s. rotor. The 

broad resonances of the highly branched galactomannans which dominated the 

spectra of carob and fenugreek seeds had chemical shifts similar to those obtained 

in solution, consistent with a non-crystalline or glassy structure”. 

Related, but linear, (l-+4)-/3-D-mannans are the major constituent of the 

endosperm of Phoenix dactyliferu (date), which, like the endosperm of carob seeds, 

is a living tissue with greatly thickened cell walls 4J, These mannans are sufficiently 

crystalline to give clear X-ray and electron diffraction patterns4s6-s. The crystallo- 

graphic data indicate that two crystal forms, mannans I and II, are present in endo- 

sperm of the date, as in the cell walls of the related ivory nut and of certain algae4. 

Mannan I is the more highly crystalline form, but, unlike cellulose I, it is granular 

rather than fibrous. It preponderates in the cell walls of the ivory nut, where it 

encases microfibrils of mannan II and cellulose. The c.p.-m.a.s. 13C-n.m.r. 

spectrum of the date mannans a’n viva is the subject of this note. 

The spectrum of intact tissue from the endosperm of date stones, shown in 

Fig. 1, is dominated by resonances from the mannans. Each of the signals is sharp, 

although broadened at the base. The line-width at half height is only -1 p.p.m. (c$ 

3-5 p.p.m_ for seed galactomannans and most other cell-wall polysaccharides3 in 
situ). By analogy with cellulose9, it is assumed that the sharp central resonance 

corresponds to the more crystalline mannan I. The C-4 resonance shows a distinct 

downfield shift and those for C-2, C-3, and C-5 show small upfield shifts, as com- 

pared with the solution spectrum (Table I). In these respects, the mannans closely 

resemble cellulose I, the native crystalline form of cellulose9. The spectrum 
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Fig. 1. C.p.-m.a.s. 13C-n.m.r. spectrum of intact tissue from the endosperm of the date. 

TABLE I 

C.P.-M.A.S. “GN.M.R. ASSIGNMENTS FOR DATE MANNAN, AND COhfPARISONWITH PREDICTED SOLUTION-STATE 

CHEMICAL SHIFTS 

Chemical shifts @p.m.) 

C-l c-2 c-3 c-4 c-5 C-6 

C.p.-m.a.s. spectrum@ 101.7 69.9 72.1 81.0 75.9 61.9 
Solution stateb 101.6 71.4 73.0 77.9 76.5 62.0 

@Assignments based on solution-state spectra. The resonances for C-2 and C-3 could possibly be trans- 
posed. Chemical shifts are downfield from the signal for Me&. bFrom ref. 24: the data in ref. 25 are 
closely in agreement when allowance is made for the fact that chemical shifts are reported with respect 
to external 4,4-dimethylsilapentane sulphonate instead of Me,!%. 
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assumed to be from mannan I differed from that of cellulose 110-‘2 in having sharp 
singlets for the C-I and C-4 resonances. 

Several crystal structures for mannan I, each having the mannan chain in a 
two-fold helix, have been suggested on the basis of X-ray diffraction data6J”. Con- 
formational calculations and polarized i.r. spectra support a structure with anti- 
parallel chains and an approximate P2,212, space group6*14. In this structure, each 
mannose residue would be in the same environment and singlet 13C resonances 
would be expected, as observed. Small deviation@ from F&2,2, symmetry due to 
statistical variation in the conformation at O-6 would, if reflected in the chemical 
shifts as suggested for cellulose, be obscured by the broad line-bases attributed to 
mannan II. The slight regular variation in the conformation at C-6 reported by 
Atkins et aZ.14 might be expected to cause some splitting, but if so it was too small 
to be observed. 

Mannan I resembles cellulose I in having its chains in a two-fold helix, but 
the chains are packed quite differently. In cellulose I, they are believed to be 
parallel15 and have different inter-chain hydrogen bonds1°-12. This interpretation 
suggests that the qualitatively identical pattern of chemical shift displacements, on 
going from mannan and cellulose in solution in various solvents to mannan I and 
cellulose I, results from the adoption of the two-fold helix in the solid state. The 
same situation may be true of the other crystalline forms of cellulose. Since the 
glucan chains in cellulose I show no evidence of significant deviations from an exact 

two-fold helixIs, the small quantitative effects on the chemical shifts that cause 
multiplicity in the spectra of cellulose are more likely to be due to intermolecular 
hydrogen bonding16J7 or other packing effects than to the helical conformation of 
the individual chains. 

The lack of multiplicity in the spectrum of mannan I makes comparison with 
the solution state simpler and more reliable than for cellulose or other poly- 
saccharides. Although there are differences in notation and interpretation, it has 
been suggested16-m that the chemical shifts for the resonances of C-l and C-4’ 
depend on the torsion angles I,/J (C-l-0-4’-C-4/-C-3’) and 4 (0-5--C-l-0-4’-C-4’), 
respectively, of the C-4’-O-4’ and C-l-O-4’ bonds defining the helical form of a 
(l-+4)-linked polysaccharide, and are displaced furthest downfield where H-l and 
H-4’ are eclipsed ($ 120”), or where C-4’ is tram to C-2 (4 -65”), using the 
notation of Mackie et al. *. Their map of conformational energies for mannan shows 
five linked wells at around (4, $) values of (-90”, 90”), (-15”, loo”), (30”, 135”) 
(-95”, 140”), and (180”, loo”), on which it may be assumed, to a first approxima- 
tion, that the preferred solution conformations are centred. This assumption does 
not take into account the influence of solvation energies, which has been evaluated 
only for marmobiose 21 but the preferred conformations of mannobiose were , 

changed little by solvation although their relative energies were altered. The 
mannan I chain has (4, I,@ (-92”, 96”). Thus, the deviation of (4, $) from (-65”, 
120”) is an unweighted average of (63”, 21”) for the conformations preferred in 
solution and (27”, 24”) for the conformation of mannan I, so that a downfield dis- 
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placement of the C-4 resonance in the solid state, with little change in the chemical 
shift of the C-l resonance between solid and solution, would be predicted on this 
basis, as observed. The less-detailed conformational data of Sundararajan and 
Rae** lead to a similar prediction when allowance is made for the difference in 
notation. 

The data for mannan I therefore support the relationship suggested16-20 
between the helical form of the polysaccharide and the chemical shifts of its C-l 
and C-4 resonances, but the origin of this relationship is not clear. The yeffect 
suggested as an approximatiorW9 is difficult to reconcile with the lack of obvious 
effects on the chemical shift of the C-2 resonance corresponding to the effects on 
C-4. Accurate quantitative prediction of the effect of conformation on the solid- 
state chemical shifts of the C-l and C-4 resonances, and its extension to other ring 
carbon atoms, await further theoretical developments16, such as the application of 
molecular orbital theory as has been attempted with polypeptides23. 

EXPERIMENTAL 

Date seeds were washed, dried, and peeled with a sharp knife to a depth of 
-1 mm. The embryos were removed. The endosperm was split into l-2-mm pieces 
with a hammer and chisel, and packed into the n.m.r. rotor with talc to fill the 
voids. Talc alone gave no visible signal in the range O-200 p.p.m. 

The spectra were recorded at ambient temperature with a Varian VXR300 
spectrometer operating at 75.4 MHz for 13C, with the following parameters: contact 
time, 1 ms; pulse width, 90”; acquisition time, 19.2 ms; relaxation delay, 1 s. A 
rather low spin-rate of 2.1 lcHz was used, but there was no sign of interference from 
spinning side-bands. The spectrum was not artifically resolution-enhanced. 

ACKNOWLEDGMENTS 

The spectrometry was carried out at the S.E.R.C. Solid-state N.m.r. Unit, 
University of Durham. Dr. D. C. Apperley is thanked for obtaining the spectrum 
and for valuable discussions, the S.E.R.C. for a grant of spectrometer time, and 
Drs. D. Rycroft and K. Muir for advice. 

REFERENCES 

1 J. SCHAEFER AND E. 0. STJZJSKAL, J. Am. Oil Chem. Sot., 52 (1975) 366-369. 
2 D. J. O’DONNELL, J. J. H. ACKERMAN, AND G. E. MACIEL, J. Agric. Food Chem., 29 (1981) 514- 

518. 
3 M. C. JARVIS AND D. C. AFTERLEY, Plant Physiol., in press. 
4 H. MEIER, Biochim. Biophys. Actu, 28 (1958) 229-240. 
5 3. D. BEWLEY AND J. S. G. REID, in P. M. DEY AND R. A. DIXON (Ed%), Biochemistry of Storage 

Carbohydrates in Green Plants, Academic Press, London, 1985, pp. 289-304. 
6 I. NIEDUSZYNSKI AND R. H. MAR~SSAULT, Can. J. Cfaem., 50 (1972) 2152138. 
7 H. D. CHANZY, A. GROSRENAUD, R. VUONG, AND W. MA~KIE, Planta, 161(1984) 320-329. 
8 W. MACKLE, B. SHELDFXK, D. AKRIGG, AND S. PEREZ, Int. J. Biol. Macromol., 8 (1986) 43-51. 



9 C. A. FIFE, R. L. DUDLEY, P. J. STEPHENSON, Y. DESLANDES, G. K. HAMER, AND R. H. MARCHES- 

SAULT, J. Macromol. Sci., Rev. Macromol. Chem. Phys., C23 (1983) 187-216. 
10 D. L. VANDERHARTAND R. H. ATALLA, Macromolecules, 17 (1984) 1465-1472. 
11 J. J. CAEL, D. L. W. KWOH, S. S. BHA’ITACHARJEE, AND S. L. PAIT, Macromolecules, 18 (1985) 

819-821. 

12 H. CHANZY, B. HENRISSAT, M. VINCEDON, S. F. TANNER, AND P. S. BELTON, Carbohydr. Res., 160 
(1987) l-11. 

13 E. FREI AND R. D. PRESTON, Nature (London), 192 (1961) 939-943. 

14 E. D. T. ATKINS, S. FARNELL, C. BURDEN, W. MACKIE,AND B. SHELDRICK, Biopolymers, 27 (1988) 

lo!%1105. 
15 C. WOOIXOCK AND A. SARKO, ~ucromo~ecu~es, 13 (1980) 11851187. 

16 H. SAITO, Magn. Reson. Chem., 24 (1986) 835-852. 
17 R. P. VEREGM, C. A. FIFE, R. H. MARCHESSALIIX, AND M. G. TAYLOR, Carbohydr. Res., 160 

(1987) 41-56. 

18 F. HORII, H. YAMAMOTO, A. HIRAI, AND R. KITAMARU, Curbohydr. Res., 160 (1987) 29-40. 
19 M. J. GIDLEY AND S. M. BOCIEK, J. Am. Chem. Sot., 110 (1988) 382&3829. 
20 F. HORII, A. HIRAI, WD R. KITAMARU, Bzdf. Mugn. Reson., 5 (1983) 190. 

21 J. JIMINEZBARBBRO, 0. NOBLE, C. PFEFFER, AND S. PEREZ, Nouv. J. Chim., 12 (1988) 941-946. 
22 P. R. SUNDARARAJAN AND V. S. R. RAO, Biopolymers, 9 (1970) 1239-1247. 
23 T. YAMANOBE, I. ANDO, H. SAITO, R. TABETA, A. SHOJI, AND T. OZAKI, Chem. Phys., 99 (1985) 

259-264. 
24 K. BOCK, C. PEDERSEN, AND H. PEDERSEN, Adv. Carbohydr. Chem. Biochem., 42 (1984) 193-225. 
25 A. E. MANZI, A. S. CEREZO, AND J. S. SHOOLERY, Carbohydr. Res., 148 (1986) 189-197. 


