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In cont ras t  to o ther  types of plant raw mater ia ls  [1], the endosperm of wheat grain contains wate r - so lu-  
ble xylans consisting of xylose and arabinose residues the s t ructure  of which has been studied little [2, 3] al- 
though their link with other components of the grain  [4] and their influence on the quality of the flour obtained 
f rom it [5] are  not a mat ter  of doubt. 

The present  paper gives the resul ts  of an investigation of a water-soluble  arabinoxylan isolated from the 
grain of a new variety of high-yielding wheat, Odesskaya-51 [6]° 

According to the resul ts  of e leet rophores is  and gel fil tration, the xylan, purified by reprecipitat ion with 
ammonium sulfate and by enzymatic  hydrolysis  with a complex of the amylolytic enzymes of saliva [10], is 
homogeneous. On the basis of the resul ts  of hydrolysis  and quantitative chromatographic analysis ,  we have 
found that this polysaccharide is constructed solely of D-xylose and L-arabinose  in a rat io of 2 : 1. A s imi lar  
ratio of these monosacchar ides  was found previously for American and Canadian var iet ies  of wheat by Per l in  
[2] and by Montgomery and Smith [7]. Consequently, an arabinoxylan containing a considerable amount of a ra -  
binose residues is charac ter i s t ic  for wheat grain. The negative value of the specific rotation shows a p re -  
dominant number of B-linkages between the monosaccharide units in the polymer .  

Chromatographic analysis of a hydrolyzate of the methylated xylan gave a ratio between D-xylose,  
2 -O-methyl -D-xylose ,  2 ,3-di-O-  methyl-D-xylose ,  2,3,4- t r i -O-  methyl-D-xylose ,  and 2 ,3 ,4 - t r i -O-me thy l -L-  
arabinose of 1 : 6 : 10 : 0.1 : 8. This shows the presence in the s t ructure  of the xylan of sections of macromole -  
cule of the types 
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For every  fragment  of type III the po lymer  chain contained six of type II and four of type I. Thus, the D-xylose  
residues in the chain are  bound by f l - ( l ~  4) bonds, and the L-arabinose  forms single-unit  side chains attached 
to the xylose units at the position of the second carbon atom and, in a number of cases ,  at the second and third 
atoms by 1 ~ 2 and 1 ~ 3 bonds, 

.After the periodate oxidation of the xylan, the reduction of the resulting polyaldehyde to a polyol, the 
hydrolysis  of the lat ter ,  and the identification of the hydrolysis  products,  xylose, glycerol ,  xylopyranosylgly-  
ceroi,  xylobiosylglyeerol ,  and xylotr iosylglyeerol  were found, which shows the i r r egu la r  a r rangement  of the 
arabinose branching along the chain, in which individual blocks may exist together with a chaotic distribution. 
Aspinall et. al. [8] came to s imi lar  conclusions in a study of the arablnoxylan of rye flour. 
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E X P E  RI ME N T A L  

Initial Raw Mater ia l .  The exper imen t s  were  p e r f o r m e d  with 70%-extract ion f lour  obtained by grinding 
in a l abora to ry  mil l  Odesskaya-51  wheat g ra ins  of the 1973 ha rve s t  grown in the All-Union Inst i tute of  Breed-  
ing and Genet ics .  I ts  composi t ion (~) was:  ash 0.50, prote in  13.95, soluble mono-  and o l igosacchar ides  1.26, 
pentosans  2.78, s t a r ch  78, cel lulose 0.45, and fats  1.19. 

Isolat ion of the Xylan. The gluten was washed out of 500 g of  f lour  with water .  The wash -wa te r s ,  to- 
gether  with the suspension of s t a rch ,  were  centr i fuged,  and the centr i fugate  was boiled to coagulate the p r o -  
teins and inact ivate  the enzymes .  The prote ins  were  prec ip i ta ted  by the success ive  addition of solutions of 
CuSO 4 and NaOH [9]. The solution was sa tu ra ted  With ammonium sulfate (70 g to 100 ml) and vigorously s t i r r ed .  
The xylan that prec ip i ta ted  was dialyzed,  reprec ip i t a ted  with (NH4)2SO4, and subjected to the action of the 
amylolyt ic  enzymes  of sa l iva  [10]. The pur i ty  of the po lysacchar ide  isola ted was judged f rom the constancy of 
the monosacchar ide  composi t ion of a hydrolyzate  a f t e r  hydro lys i s  with 2% HC1. 

Cha rac t e r i s t i c s  of the Xylan. The homogeneity of the polysaeehar ide  was shown by p a p e r  e l ec t rophore -  
s is  in borate  buffer  and by gel f i l t ra t ion on Sephadex G-150. According to the resu l t s  of chromatographic  ana l -  
y s i s ,  the hydrolyzate  contained only xylose and arabinose  (67.7 : 32.2%). The molecu la r  weight de termined by 
the v i s c o s i m e t r i c  method was 52,700, DP 400, [c~]2~-96°in 2% NaOH. 

Per iodate  Oxidation and Smith Degradation.  The arabinoxylan was oxidized to with a 0.2 M solution of 
sodium per iodate  at r o o m  t e m p e r a t u r e .  The number  of moles  of NaIO 4 pe r  mole of pentose res idue  consumed 
af te r  24 h was 0.46, a f t e r  48 h 0.58, a f t e r  72 h 0.71, a f te r  96 h 0.76, and a f te r  120 h 0.76. 

The oxidized and dialyzed xylan (0.5 g) was reduced with sodium te t rahydrobora te  (0.17 g). The polyol 
obtained was hydrolyzed with 0.2 N HCI at 20°C for  6 h. By pape r  chromatography  [solvent: b u t a n - l - o l - b e n -  
z e n e - p y r i d i n e - w a t e r  (5 : 1 : 3 : 3)] the hydrolyzate  was found to contain D-xylose ,  ethylene glycol,  g lycerol ,  and 
a product  unidentified in the usual s y s t e m s  with a smal l  Rf  value. 

To cha rac t e r i ze  the la t te r  substance ,  the corresponding spot on the c h r o m a t o g r a m  was cut out and eluted 
with hot water ,  and the solution was concentra ted  in vacuum and r ech romatographed  in the b u t a n - l - o l - a c e t i c  
a c i d - w a t e r  (4 : 1 : 5) sys tem.  Three  components  were  detected - xylosylglycerol ,  xylobiosylglycerol ,  and 
xylo t r iosy lg lyeero l .  

Methylation was p e r f o r m e d  by Hakomor i ' s  method in dimethyl sulfoxide with a solution of the methyl -  
sulfinyl carbanion and methyl  iodide. Complete  methylat ion was achieved af ter  four t r ea tmen t s .  I t  was checked 
by th in - layer  chromatography  on a pla te  coated with AI203. The methyla ted  product  was subjected to fo rmoly -  
sis With 90% HCOOH at 100°C for  1 h, and then to hydro lys i s  with 0.25 M H2SO 4 at  the same t empera tu re .  

The hydrolyza te  was neutra l ized with ba r ium carbonate ,  centrifuged, and evapora ted  to smal l  volume in 
vacuum. The products  of the methylated arabinoxylan were  analyzed by paper  chromatography:  They con- 
talned D-xylose ,  a monomethyl -D-xylose ,  2 , 3 -d i -O-me thy l -D-xy lose ,  2 , 3 , 4 - t r i - O - m e t h y l - D - x y l o s e ,  and 2,3,4- 
t r i -  O- me thyl- L -a rab ino  se. 

The posit ion of the methyl  group of the monomethyl  xylose (C 2 or C~) was de te rmined  by chromatography 
on pape r  impregnated  with a solution of bo rax  upon which monomethylxyloses  have different mobil i t ies .  No 
3-O-methy lxy lose  was found. Consequently,  branching takes p lace  a t  C 3. 

S U M M A R Y  

The endosperm of Odesskaya-51 wheat contains a wa te r - so lub le  arabinoxylan.  I ts  main chain is  con- 
s t ructed  of f l -D-xylopyranose  units linked by fl- ( 1 ~  4) bonds. The side chains contain L-a rab inofuranose  r e s i -  
dues at tached to the main D-xylose  chain at  the second and third carbon a toms  of the xylose units. The rat io 
of xylose to a rab inose  is  2 : 1. 
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AN INVESTIGATION AND IDENTIFICATION OF POLYSACCHARIDES 

ISOLATED FROM ARCHEOLOGICAL SPECIMENS 

Vo Ya. B i r sh t e in  and V. M. T u l ' e h i n s k i i  UDC 547.941 

Carbohydra tes  may be p r e s e r v e d  undisturbed for  mil l ions and thousands of mill ions of y e a r s  in sed iment -  
a ry  rocks  and foss i l ized plant  and animal  res idues  [1-5]. Of the po lysacchar ides  in such spec imens  i t  is usually 
possible  to de te rmine  cel lulose,  chitin, and s ta rch  [1-4], but it  is not known how long the po lysacchar ides  of  
other groups,  especia l ly  gums,  r ema in  undisturbed.  P lant  gums were  widely used in antiquity for  p repa r ing  
pigments  [6], and therefore  the invest igat ion of an ex t remely  unusual m a t e r i a l -  po lysacchard ies  i so la ted  f rom 
f ragments  of paintings - will enable us to de te rmine  whether  gums r ema in  unchanged for  long per iods .  In the 
isolated exper imen t s  p e r f o r m e d  up to the presen t  t ime,  i t  has  not been poss ib le  to identify the po lysacchar ides  
found in ancient  paintings [7, 8]. 

Figure 1 shows the IR absorpt ion spec t r a  of compounds i so la ted  f rom spec imens  of wall paintings of the 
following Cent ra lAs ianbut ld ings :  a) Kara tepe ,  seeond- four theen tu r i e s ;  b) Pendzhikent ,  seventh-e ighth  cen tur ies ,  
c) Adzhinatepa, seventh century;  d) Toprakkal ,  th i rd- four th  centur ies ;  e) Khiva,  19th century.  A comparison of the 
spec t r a  has shown that they a r e  a l l  ve ry  s i m i l a r  and consis t  of typical  po lysaechar ide  spec t ra .  Thus,  in the 3400- 
cm -1 region there  is a broad and s t rong band of the s t re tching vibrat ions  of bound OH groups ,  and at 2800-3000 em-1 
the band of the s t re tching vibrat ions  of CH groups.  Two bands a re  obse rved  in the 1740 and 1620-1640 cm -1 
regions  in all the spec t ra .  The f i r s t  includes a band due to the s t re tching v ibra t ions  ofC ~ O g r o u p s  of unionized 
acids (some authors  assign them to hydrate  wa te r  [8]) and in the second there is the s t re tching vibrat ion of the 
carbonyls  of ionized acids forming complexes  with inorganic ions [9, 10]. In the 1400-1450 cm -1 region there 
is the band of the p lanar  deformat ion  vibra t ions  of CH groups,  but bands corresponding to the vibrat ions  of a 
carboxylate  ion may also p re sen t  he re  [10]. The s t re tching vibrat ions  of the skeleton of the molecule a re  
observed  in the 1000-1100 cm -1 region.  The dif ference of the spec t ra  in this region is probably due to inorganic 
impur i t i es  and, in pa r t i cu la r ,  to the p resence  of some t r aces  of gypsum (par t icular ly  the absorpt ion at  ~ 1000, 
1120, and 1140 cm -1) [11]. 

The cha rac t e r i s t i c  nature  of  the fea tures  of the spec t r a  for  po lysacchar ides  [7, 8, 10] emphas izes  their  
distinct s imi la r i ty  to the IR spec t rum of the gum of the apr icot  Armeniaca  vulgar is  (the gum was col lected in 
the town of Tashkent) which is also given in Fig.  l f .  The spec t r a  of the gums of the sour  che r ry  Prunus  c e r a -  
su___s, of  the m a z z a r d  che r ry  (Prunus avium),  and of the apr ico t  p roved  to be completely  identical ,  and therefore  
it is  imposs ib le  to distinguish the gums solely on the basis  of a compar i son  of  IR spec t r a .  

The s imi la r i ty  of compounds a and b was also conf i rmed by a study of the i r  composi t ion by pape r  and thin- 
layer  chromatography  (Table 1). The s a m e  main  components  - xylose,  mannose ,  and glucose  - were  detected in 
the two po lysacchar ides .  In g a s - l i q u i d  chromatography  (GLC) of der iva t ives  of a hydrolyzate  of compound b 
it  was found that i t  included, in addition to the monosacehar ides  a l ready mentioned,  considerable  amounts of 
galactose and glucuronic acid. Consequently,  in the cases  descr ibed  the gums of s imi l a r ,  but not identical ,  
plants were  apparent ly  used.  Since the spec t r a  of the sacchar ides  mentioned r e semble  the spec t r a  of the gums 
of f ru i t  t r e e s  (f) and are  given in the l i t e ra tu re  [7], hydrolyza tes  of  sour  che r ry  and apr icot  gums were  also 
analyzed by the GLC method. The composi t ions  of these gums proved  to be very  s im i l a r  (see Table  1), but the 
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