
Ctrrbohydate Resarch, 58 (1977) 222-226 
((:I Elsevix Sclenufic Publ~~bing Company, Amterdsm - Printed in Belgium 

Note 

Hemiacetal bond-formation during periodate oxidation 
of a heteroglycan of Q-glucose and D-galactoss’ 

JOHN H. PAZL~R AhD L. SCOTT FOEBERG 

Department oi Bwch~mrstr.~ and Bwphl 51~s. Penn5 I lwnra Scar? L/nil er.rrtt.. 

Unit-ersi: 1 PtzrX. Penn3 I IL oni0 1690.? (iI S. 4 ) 

(Recelued Ocloher 1st. 1976; accepted ifir publx;rllon nlth rc\Islorls. No\embcr 15th. 1970) 

Recently, periodate oxidation, in con.junctioo with other methods, has been 

used in oL;r laboratory to elucidate the complete molecular structure of two 

immunogenic heteroglycsns’*“. Of particular note ~as the obswation that a 

dihetcrogl>csn of D-glUCOSC and D-$ikKIOs? ~8s oxidized e~clus~vcly at the _galactose 

residues, notwithstanding the fact that the glucose residues possessed unsubstituted 

gl~col groups’. The glycan was isolated from the cell wall of S/r~p/ocorcrrsjoeca/is. 

stratn N and its structure xas dct>rmincd to comprise a main cham of /I-D-glucose- 

(l- 6)-jf?-D-glucose-b-D-( 1 +-!)-gda~lo~~ repealing-units having a lactose stde-chain 

ntt.ached to 0-I of the second _glucose residue’. A typical molecu!e of the gIlcan was 

shoisn to consist of eighteen such repeating-units linked by p-D-( 14-l) linkages: in a 

few units, the lactose side-chains were replaced by cellobiosyl groups When the pllcan 

\\as subjected to sequential periodate olidatlon, borohydride reduction. acid 

hydrolysis, and paper-chromatographic analysis, it NBS found thar >95% of the 

@alactose residues but c5’? J of the glucose residues had been oxidized by periodate. 

Glycerol and threitol. the products e\pectcd from the palactose residues. !\ere also 

identified in the h>drol>zstes of the oxidized and subsequentI) reducsd glgcan. 

iXleth>lation analyses” on three types of sljcan preparations, (I) the natlle. 12) 

the oxidlzcd, and (3) the okidlzcd and subsequently reduced. hale now been pcr- 

formed. Gas-liquid chromatogmphic patterns. showing the partial11 methylatcd 

alditol acetates from the thr c’c samples. are reproduced in Fig. I. Pattern A shows the 

derivatives from the native glycan: the major components Identified by their retention 
times and mass spectra are: l,S-di-O-aceryl-2,3,~.6-tetra-~-meth~l~alac~i~ol, I ,-i.5-tri- 

0-acetyl-2.3,6-tri-0-methyl,oalactitol, l-4,5-tri-0-scet}l-2.3.6tri-0-methylglucitol. 

and 1,4,5.6-ietr~~-0-acetyl-2,3-di-C-mcthylglucito!. The amount of the trimeth>I 

ether of plucose \vas twice as much as the amounts of the other components. The 

small peak migrc ting ahead of the tetrs-0-meth~lgalactose derivative is the tetra-O- 
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methylglucose derivative from the few ceiiobiosyi groups also present in the glycan. 

Pattern i3 shows that, after periodate oxidation, borohydride reduction, and methyi- 

alion analysis, only two components are present, namely I .4,S-tri-O-acetyl-2,3,6-rri- 

U-methyigiucitoi and I ,4,5,6-tetra-0-acetyl-2,3-di-O-methyigiucitoi. in 2: I molar ratio. 

Gaioctose derivatives are absent from or present only in traces in, this mixture. but 

some highly volatile methyl derivatives of C, and C, oxidation-fragments arc present. 

Pattern C shows that, after periodate oxidation of the giycan followed by mefhylation 

analysis. several new derivatives are present as hell as the foregoing two. Thus, I .3,5- 

tri-O-acetyi-2,3,6-rri-0-methyi,oiucitoi and I ,4.5,6-tetra-0acetyi-2.3-di-O-methyi- 

giucitoi are present. but in greatly decreased concentration. The new dsrtvatives 

Include I ,3.4.5-tetra-U-acetyi-2.6-dl-CLmethyiglucnoi, 1,2.3,4,S-psnta-0-acrtyl-6-0- 
methylgiucitol, and i,3,3.5,6-penta-O-acetyi-2-0-methyigiucitoi. with thz dimethyl 

ether being present in very high concentration. A small quantity of i,5-dl-U-acetyi- 

2,3,4,6-tetrn-U-methyigiucitoi and some minor, as yet unidentified, components are 

also present. 
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Fig. 1. A photograph orrhr gas-ltquid chromstogrsphtc psrlerns ior ihe p3rltAlb methjlatcd old1101 
acet3ks from the native (A), the periodate-oxidized snd borohydrtde-reduced fB). and the pertodJte 
orldized (C) diheteroglycnn: ( 2.3.4,6-Go) = 1.5-d~-0-~cct~l-1,3.~.~-t~tr~-~~m~th~l~~l~~:it~l (2.3.4 6- 

G) = !,~-di-0-nce~l-2,3.~,6-te~ra-O-me~hyl~luct~ol. f2,3.6-Ga) = I,-1.5-trt-O-~~r~~l-2.3.6-lri-O- me- 

Lhylgakictitol, 13.3.6-G) = I,4,5-tn-O-acel~l- 2.3,6-trt-0-mclbylglusltol. (2.3~G) = I .4.5.h-iara-O-sic- 
tyl-2,3-di-0-meLhylglucitol, (2.6-G) = 1,3.J.S-retrd-0-sc‘ct}l-2.6-d, -O-mrth~!glusttol. (6-G) = 
1,2,3,~,j-~o~-0-ace~l-6-O-merhylglucit~l, and (2-G) = 1.?.1.~.6-pcnt3-O-icet!. I-2-0-me:hylcluct- 

t01. 

In view of the structure of the giycan, the presence of the 2.6-di-O-methyl and 

2-O-methyl derivatives of glucose in the foregoing metbyiation mixture clearly shows 
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ihaL O-3 of the glucose rcsidu2 ws jubxituted in the periodate-ouidiz2d glycan. As 

ihis julxtitution did not persist 5% hen the aldrhyde groups k\ere rzduced with boro- 
hydride, it is supgejtcd that this is due to hemiacetal bond-formalion between the 
?-h>dro\Jl groups of the glucose rrlGdu22; and rh2 aldrh>dc groups generated b> 

periodate oxidntion of galscto~e residues. Terrninnl galoctose rzsidusj contain 

<is-gl>col groups. and such residues are oxrdlzed preferentially by periodate*. The 
inrzrnal ~alsctosc r2sidu2s of the gllcsn 3rc substituted 31 O-1. and such residurs ar2 

3lso olidrzed by periodatr, ither23j glucose residurs substituted at C-l 3r2 not, 2~20 

though borh t)p2~ of rcsiduz contdln 3 2.3~rrmrs glycol group. The re3son for this 
diKerrrlce in oxidation r3tes i5 noI apparent, but [he orientation of the substrruents 

at C-4 of such residues. 3\i31 in the ,oalactose and 2qu3tori31 in the glucose, ma}’ he 

the fxror resporwblz. The results of paper-chromarographic rtnaiysis jhoiv Chat the 
gslactosz residues \\erz lndsrld complexly oxldlzed. hut the ,oluco~e residues remained 

intscr during perIodate o\ldalmn. The 2.6~dlmcrhyl ether of glucose from the oxidized 

gl!san most prolxbly 3riscj from -I+ubjtituted glucose residues. wherea< the Z-methyl 

2Lh2r 3rlses irom ~lucosc residues substituted at positionj 4 3nd 5. 

The for2goln,n _ugg2jllonj 3r2 b3j2d on prct’louj observations on the period3[2- 

o\ld:qtlon reacrlon. Thus. it is Lno%%n that r/x-gl~col groups 3r2 oxidized by perIodat 

more rapidi) than the frws Isomers’. th3t the oxldallon of ~rarrs-gl>col ,oroups ma) 

be inNuznced b) bull\!, subs[l:usn[j oc sdjacsnr carbon atoms’ and by strsmed ring- 
conform;lIionst’. and Iha[ rhe o\ldsrlon oi methyl glucopgranosides is xcompsnicd 

by 3n ~nt2rmokcuI3r r23rr3ngcmcnr to yrcld 3-h~,dro~~,-,7-(R)-merho~y-f .l-dioxan2- 

6-c3rb3ldeh>dc through formstion of J hcmiac+tnl bet\tccn the aldshyde group 

dcrlicd from C-Z of the gl!cojide snd the &hydro\)‘l group7B8. 

The prsj2nc2 of rhe 6-mcrh~l ether of glucos2 in th2 m2thylstion milturc: from 

the oxldlzcd gIlcan establishes [hat INO hemrscetal bonds may he formsd bettreen a 

SIII& glucose widue anil Ihe two sldeh>ck groups of rhe oxidized galsctose residue. 
Such a component could be the internal ,olucos2 wldue substituted only ai O-4. The 

presence of the tetra-. II;-. and di-merhjl ethers Indicates [hat some glucos2 residues 

v,sre not o\ldlz2d b, ihe ierindstr. c!vn though they w2re not protcctzd by hemisceral 

bonds. in c~nnccIlon with th2 IaIrcr wggesrlon, it is aljo possible [hat the hcmlac2tal 

bonds on som2 ~Iuc3~e rssiducs may hs\e been broken jubjequent lo removal of the 

e\ceSj of periodstc and prior to methylatlon The tctrsmethyl ether of glucose 

probably origlnstcj froin th2 f2\iB tcrminsl glucose units prcsrlnt 3~ cellobloj~l sidc- 

chains tthereas the rri- and di-melhJ*l ethers sriss from intern31 glucojr: rzjlduej. The 

gluc*?se residues that jleld the forc,oo:ng deritarivsj are rejljtant to pcriodate olridation 

bec3ust of s[zric hindrnnce’ 6. presumably c3ujed bj the 2qustonal orientation of the 

substrru2nts 3t C--l of th242 residues. 

A bncrcrisl trihctsroglqcsn of mnnnuronic acid. glucose. and galactose aiso 

conlains a F-~-glucose-( I -A)-D-galsctOS2 moretj ‘. It has been reported that 

periodare oiidslion of thlj compound osldizrd it preferentially at the gnlactos2 

rcjldue. \!irh all such reslducs being oxidrzed but with >SO ?a of the glucose residutls 

rcmsinrng intsct”. Also, in the o\idatlon of guaran”. the _galactoj< residues were 
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oxidized. whereas 58 ?a of the mannose residues were not oxidized until the oxidized 

&can had been reduced and subsequently subjected to iurther periodnte oxidrltlon. 

In both instances the explanation advanced. but not lerliied, ~a> that hemlxetal 

bonds \\ere formed and that these bonds protected the glucose snd mannose residues 

from oxidation. .A merhjlation analysis of the type t-,-ported in the present paper 

should be conducted on these Flycans to dctermlne Lrherher hcmiacctnl bonds are 

indeed formed during perIodate oxidation. Also it i\ould be of interest to study hctcro- 

glycsns ha\ing other monosaccharide constltutznts. to determIne u htch comblnstion 

of monojsccbaride residues may lead to hem~ncetal bond-formorIon durlns pcriodnte 

oxldntion. Results in the !itsraturs ” on dltkrcnces in the rate of oxidation of the 

residues of n degradation product from chondroitln dim ma) be e\plalned In the 

light oi hemiacetal bond-formntlon. 

E\PERlblRUTAL 

Pzriodarc o\idu/iott. - 7 ne dlheteroglycan from S~r~~p~omcct~s f~ltv-UI!L strain 

N” (50 mg) \vaj dissolved in water (20 ml). mlwd \\ith 20 ml of 004~1 wdlum 

periddate, and marntalncd In the dark for -IS h ;It 4’. The cwes~ ofperlodatr was thsn 

decomposed bl addition of ethylene glycol. hinterials of 1,~ molecular [ieIght irere 

remoicd from the clear solution by dlal>sls and the o\ldlzsd glycan 1~3s rrtco\srsd b) 

lyophilizatton: yield 45 rns. This gIlcan (30 mg) in \\;1tc‘r (5 ml) ~\as reduced ~lth 

sodium horohgdrlde (I5 mg) for 2-l h at room temperature. The rcmnlnder of the 

oxidlzrd sample was sa\ed for subsequent methylstlon snal>sls. The mlx[urc 

containins the rsduccd product was neutralized Edith acetic 3c1d. and the reduced 
gllcnn UCIS purified by dialysis and then I>ophilizrld: yield 20 rns. 

Paper-cltrotttutograplric nttal~3is. - Samples (3 mg) of the natitc. and the 

oxidized and subxqusntly reduced. glycsn kvere dljjol\ed In 0. I ml of 0. I M hbdro- 

chloric acid and heated for 3 h in a bolllng-\iat?r bath. Anslsis of the h)drolJzate 

for carbohjdratrs NILS performed by ascending paptr-chromatography I’. a 1111 LNC) 

9jCents of the solvent sqjtem of but11 slcohol-p~ridln+\~3ter (6.1:3 by lolurnrl) 

Standards of gslactosc. _elucosc , ,olycerol. threltol. cellohiosc. gcntiobiosc. 3nd pano>e 

acre used on the same chromato_cram to afford refer~ncz R, values. The de~sloped 

chromatogrsm was stained pith the silver nitrate resgznt I5 LO locclte reducing 

products and sugar nlcohols. The hydrolbzate of the native gl>can contslncd glucox 

(RF 0.63). gslnctosc (RF 0.56). and a series of ollgosaccharides (RF O.-II to 0). The 

hydrolgzate of the oxidizsd and subsequently r.:duced glycan contained only traces 01 

g&3.X0X (< 5’:: oi the origlnal) and large amounts of glucoje ( > 95” j of the origInal). 

glycerol (RF O.SS), threitol (RF 0.78). and three oligosaccharidcs (RF 0.11. 0.33, and 

0.31). Tine R, values of the oligosaccharides are chsractcristic of disxchzrldcs and 

trisaccharides of (1 -4) and ( I +6) linked glucose residues. The quantitutlke values for 

glucose and gslactose \\ere obtnlned b> comparisons of color lntCn5ltle3 of Ihc 

compounds in the hydrolyzatrs ~tth the tntcnsitiss of glucose and golactose standards 

(2.5, S, IO. 30. 50, and 100 p,e). Dilutions of the hgdrolyzstc Mere used. I[ necc%ar>. to 

ensure that concentrations of the hydrolytic products fell into this range 
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MCI h)-laiion anal.1 ws. - Sampks (5 mg) of the native, the oxidized, and the 
oxidized and subsequently reduwd g1ycr.n were employed for methylation anslysis3, 

following the procedure recently described ‘. Gas-liquid chromatography was 
performed in a Vanan 1400 unit on a column of 3% of OV-225 on 80-100 mesh 
Supc!coport (Supzlco, Bzllefonrc, PA). ‘The g.1.c. patterns for the three samples are 
reproduced in Fig. I. The retention times for corresponding reference standards 

prepared from gh~cosr, methyl 2,6-di-O-metbyl-a-D-glucopyranoside’6 (provided by 

R. E. ReeWj, Louisiana Srate University, New Orkans, LA), HO-B-D-glUCOpyraUOSyI- 

D-gilacto5e I0 (p rovrded by J. H. Sfoneker, Northern Regional Laboratory, Peoria. 
IL), lactose, and glycogeo wer2 identical to those for the compounds shown in Fig. I. 

hlass-opeclral dam iccre obraioed wGth a DuPont 21390 mass spsctrometer. The 

f’ollar!in_g nl/t* frs_gxznts characteristic of partially metbylnted derivalivzs of the alditol 

X2[3f2S3 wer2 obtained: I ,5-di-O-acciyl-2,3,4,6-tetra-O-merhylhzxitol, 45 (80), 

I I7 (100). 161 (80), 205 (20): I ,-I,S-tri-O-ac&yl-2,3,6-tri- O-metbylbesitol, -IS (30), 

I I7 (IOO), 233 (30): 1,3.4,5-relra-O-acetyl-2,6-di-O-mcthylhzxj;ol, 45 (30). I17 (1~30): 

I.~,_i.6-t2tra-O-ac2tyl-2,3-di-O-methylhe~i~ol, I I7 (IOO), 261 (20); and I ,3,&5.6- 

pents-O-acctyl-2-0-mcthqlhe\itol, 1.5 (20). 1 I7 (100). The figur2s in pawntheses 

denote relarive intensities. with the most prominent fragmrnt (I f7) being assigned a 

1nlue of 100. 
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