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The sequential SubJectIon of polysacchandes to penodate oxIdatlon, reduction 
with borohydrlde, and acid hydrolysis (Smith degradation) gves a vanety of products, 

the analysis of which ,olves mformatlon on the structure of the polysacchandes The 

analysis of these products has been earned out by using the O-tnmethylsllyl denva- 

tlves of the free sugars’ or the methyl glycosldes’ These methods @ve anomenc 
mixtures for each sugar and do not give good results with the free aldehydes produced 

m Smith degradation This problem was partially overcome by the use of the O- 

tnmethylsllyl denvatlves of the oxlmes of the aldehydes3*4 The acetylated aldono- 
mtnles have been used recently’ as denvatlves of aldoses amenable to g I c , and are 
obtamed by condensation of the free sugar with hydroxylamme and subsequent 

heatmg of the oxlme with acetlc anhydnde Use of these denvatlves for g 1 c should 

gve smgle peaks for the free sugars, aldltols, and aldehydes formed by SmLth degra- 

datlon 

This paper report’s a simple method of prepanng these denvatlves and their 
use m quantltatlve g 1 c of the typlcal Smith-degradation products of glucans By 
usmg tins techmque, the chain lengths of various glucans were estimated 

EXPERI?vlENTAL 

Amylopectm and glycogen samples were kmdly supphed by Dr R 

(Henot-Wart Umverslty), and all other materials were obtained from 

sources 

J Sturgeon 

commercial 

G I c - A Pye senes 104 chromatograph kvlth a flame-lomsatlon detector was 

used The earner nitrogen flow was 40 ml/mm and the peak areas were measured with 
a Kent chromalog Integrator (senes 2) and by tnangulatlon Denvatlves were sepa- 

rated on glass columns (5 ft) contalmng 10% of poly(neopentylglyco1 succmate) on 

Gas-Chrom Q (100-120 mesh), employmg an ImtIal temperature of 160” for 10 mm 
and then a hnear temperature-gradlent of 160-235” at 4”/mm 

All sohds were dned to constant weight zn taczzo over phosphorus pentaoxlde 

Ampoules contammg the vanous standards (100~moles) were denvatlsed by the 

procedure described below A nuxture of these denvatlves was prepared, and a serres 
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of dllutlons m pyndme was used for the determmatlon of response factors The ratlo 
of the total peak-area of each standard to the peak area of the internal standards, 
tnethylene glycol and mosltol, was taken as the relative, molar response-factor The 
values obtamed were constant over a ten-fold range of dllutlon and are shown in 
Table I 

Smrtlt degradatron of polysaccllarrdes - The polysacchande (20 mg) was 
oxldlsed with an eight-fold excess of 50mhf sodmm metaperlodate (20 ml) for 5 days 
at 4” m the dark The polyaldehyde was then reduced wth sodmm borohydrlde 
(100 mg) for 16 h at 4” Excess of sodmm borohydrlde was decomposed by the 
ad&tlon of 0 1~ hydrochloric acid and the polyol desalted by dlalysls agamst several 
changes of dlstllled water The non-dlffuslble matenal was freeze dried 

A sample of the modified polysaccharlde (5 mg) was hydrolysed with M sul- 
phunc acid (1 ml) at 100” m a sealed tube for 3 h If reqmred, an internal standard, 
trlethylene glycol or mosltol was added at this stage The hydrolysate was titrated 
(Congo Red) at 60-70” with saturated, aqueous barmm hydroxide The preclpltated 
barmm sulphate was removed by centnfugatlon, and the supernatant fraction was 
evaporated to dryness IFI tacuo at 37” and finally dned m a vacuum desiccator over 
phosphorus pentaoxlde 

PI eparatlon of der watwes for g I c - The dried sample from the Smith degra- 
datlon was dissolved m pyrldme (0 4 ml) contammg hydroxylamme hydrochlonde 
(20 mg), and an ahquot (0 2 ml) was heated at 90” m a sealed tube for 1 h After 
coolmg, acetic anhydrIde (0 2 ml) was added and the sample agam heated for 1 h 
The derlvatlves were exammed dnectly by g 1 c 

Estrmatlom of clzanl lengths of polysaccharmdes - The peak area for each 
Srmth-degradation product was multlphed by the relative, molar response-factor, 
and the molar ratios of erythntol-glycerol and glucose-glycerol were calculated For 
glycogen and amylopectm, the cham length = the molar ratlo of erythrltol-glycerol 
+ 1, or = (moles of erythrltol + moles of glycerol)/moles of glycerol Similarly, for 
lammarm, the cham length = the molar ratio of glucose-glycerol+ 1 

The values thus obtained for the cham lengths of glycogen, amylopectm, and 
lammarm samples are shown m Table II 

RESULTS AND DISCUSSION 

The separation achieved by ths method IS shown In Fig 1, and the relative 
retention times and the response factors are recorded m Table I Glycolaldehyde can 
be separated before the acetlc anhydnde peak by startmg the tempelature programme 
at a lower temperature 

The Smith degradation of (l-+4)-linked glucans with (l-6) branch-pomts 
sves glycerol from the termmal non-reducmg glucose residue and erythrltol from all 
other glucose residues m the cham Thus, the ratlo of glycerol to erythntol produced 
IS a measure of the chain length of the polymer For a (143)hnked glucan, the ratlo 
of glycerol formed to undegraded glucose on Smith degradation would also gve a 
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Fig 1 G 1 c separation of a mixture of acetylated aldonomtnles and acetylated aldltok, detemlned 
on 1 p1 of a mixture contarnmg 10 nmoles of each denvatwe, at attenuation 2 x 10’ 1, glyceraldehyde, 
2, glycerol, 3, tnethylene giycol, 4, erythntol, 5, L-rhamnose, 6, D-nbose, 7, D-arabmose, 8, D- 

mannose, 9, n-glucose, 10, D-galactose, 11, mow01 

TABLE I 

G L C PROPERTIES OF DERIVATIVES OF POLYALCOHOLS AND MONOSACCHARIDES 

Compound TGO Molar response fartomb 

A B 

Glyceraidehyde 0 17 143 1 90 
Glycerol 026 0 41 0 57 
Trlethylene glycol 047 10 1 25 
Erythntol 0 55 0 47 0 61 
Rhamnose 0 65 048 0 62 
mbose 0 64 0 51 064 
Arabmose 0 73 0 59 0 74 
Mannose 0 93 0 59 0 76 
Glucose 10 0 61 0 79 
Galactose 106 08 10 

. 

Inosltol 1 14 08 10 

‘Retentson times relative to that for D-glucose (58 mm) bRelatwe to those for tnethylene glycol (A) 
and 1nos1tol (B) 



NOTE 467 

measure of the cham length Using the method described in this paper, we have 
determmed the cham lengths of samples of glycogen, amylopectm, and lammarm 

TABLE II 

CHAIN LENGTH OF POLYSACCHARIDES 

Polysaccharrde Present method= Enzymrc method6 

Glycogen 
Rabbit hvef 
Ascar~s Iumbrlcozdes” 

Amylopectm 
Potato red staf 
Waxy maize” 

Laminarm 
(ex L hyperborea) lb 

2” 

138+08 14 
121 f05 12 

25 f09 23 
26 zkO8 - 

216fO5 - 
267 f05 25 

“Kindly supphed by Dr R 3 Sturgeon bObtamed from Koch-Light ‘Each determmation was 
camed out twice on four separate Smith degradations 

The results shown m Table II are m good agreement with those of Noble and 
Sturgeon6 who used an enzyrmc method to determme the glycerol formed on Srmth 
degradatron of these polymers The method grves reproducrble results and, smce the 
determmatrons of glycerol, erythntol, and glucose are carned out rn the same run, 
accurate results for chain-length determmatron are possrble 

It should also be possrble to determme the glyceraldehyde formed from (1+2)- 
lurked glucans, so that determmatron of the cham lengths of these types of polymers 
could be made 
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