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Catilage keratan sulfate IS composed’ of the repeatmg dlsacchande umt 
(1~3)-~-D-galactopyranosyl-(l~4)-2-acetarmdo-2-deoxy-~-D-glucopyranosyl 6- 

sulfate The carbohydrate chains of tlus glycosammoglycan are hnked to a protem 
backbone by O-glycosyl bonds mvolvmg a 2-acetanudo-2-deouy-D-galactose residue 
of the polysaccharide and threomne or serme residues of the peptide cham2. 

Treatment of cartilage keratan sulfate peptide with llute alkah causes a facile 
P-ehmmatlon reamon which cleaves the polysacchande from the peptlde cham 
The 2-acetarmdo-2-deoxy-D-galactose residue of the carbohydrate-protem lmkage 
1s converted to a “chromogen”3, and Z-ammopropenolc and 2-ammo-2-butenolc 
acid resxdues are formed m the peptlde cham 2 The ease of “chromogen” formation 
m cartilage keratan sulfate IS due to substitution at O-3 of the 2-acetanudo-2-deoxy-D- 
galactose reslrlue by a D-galactosyl residue 4-7 The degradation of the keratan sulfate 
cham by &ehmmation of the 2-acetanudo-2-deoxy-D-galactose residue IS an example 
of a “peehng” reaction, and IS greatly enhanced by substitutxon at O-3 of ths residues 

If the fl-ehnunatron reamon IS performed In the presence of a reducmg agent, 
such as sodmm borohydnde, reduction competes wth “chromogen” formation by 
convertmg the hberated 2-acetamldo-2-deoxy-D-galactose residue mto the correspond- 
mg aldrtol, thereby suppressmg the “peeling” reactlon The amounts of 2-ammo-2- 
deoxyaldltol produced relative to the reduced “chromogens” depend on the condo- 
tlons of alkahne borohydnde treatment ‘-13 It IS advantageous m studying the _ 

“ hnkage region ” of catilage keratan sulfate peptide to numnuze “chromogen” 
formatlon and degradation of the cham by “peehng” 

In the work of Bray et al 2, alkahne borohydnde treatment of cartilage keratan 
sulfate was performed with 0.5~ sodmm hydroxide-M sodmm borohydnde for 24 h 
at room temperature, conditions that degrade the “hnkage” 2-acetarmdo-2-deoxy- 
D-galactose residue A study by Weber and Wmzler ’ 2 showed that rmmmal degrada- 
tion of the 2-acetanudo-2-deoxy-D-galactose residue hnked to the peptide cham 
m vanous mucms occurs durmg alkahne borohydnde treatment with 0.1-O 2~ 
sodium hydroxide-0 4~ sodium borohydrlde for 16-24 h at 50”. More recently, 
Mayo and Carlsong and Iyer and Carlson13 have shown that sun&r con&fions, 
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z e Cl 05~ sodium hydroxrde-M sodmm borohydnde for 16 h at 50’ produced mrmmal 
degradatton of the 2-acetamido-2-deoxy-D-galactose resrdues of N-acetylchondrosme 
[ U-(/3-n-glucopyranosyluromc acrd)-( 1+3)-2-acetarmdo-2-deoxy-D-galactose] and of 
a blood-group substance (for a bnef rewew of the applicatron of alkaline borohydnde 
to the study of glycoprotems and proteoglycans, see PIgman and Moschera14) 

In tlus study, I have compared two condrtrons of alkahne borohydnde cleavage 
applied to cartilage keratan sulfate, those of Bray et al 2 and those of Mayo and 
Carlsong The conditions of Mayo and Carlsong were found to cause mmimal degrada- 
tion of the 2-acetamido-2-deoxy-D-galactose resrdue lurked to the peptrde chain 

EXPERIMENTAL 

Marerzal - Cartdage keratan sulfate peptrde was prepared by proteolysrs of 
bovine nasal septum with papam and punfied by the use of ethanol fractronation and 
chromatography on Dowex 1 ion-exchange resm The detatled procedure has been 
descnbed5. In these expenments, the matenal eluted with 2w sodmm chlorrde from 
the Dowex-1 column was used and had the following components Hexose 25 2%, 
hexosamme 21 6%, uromc acrd 1 3%, and amno acids 8 8% The sulfate to hexos- 
amme ratio was 106 1, and 12% of the total hexosarmne was 2-acetamido-2-deoxy- 
D-galactose Approxrmately 80% of the ammo acids are accounted for by threonme, 
senne, glutarmc (glutamme), prolme, and phenylalamne The methods used for 
analysis of various components have been described5 

Method - The condttrons of alkahne borohydnde cleavage used were as 
follows 0 5~ sodium hydroxtde-M sodmm borohydnde for 24 h at 24” (Method A)‘, 
0 05M sodium hydroxide-hr sodmm borohydnde for 16-24 h at 50” (Method J3)’ 

Keratan sulfate peptrde (2 mg) was treated m 250 ~1 of solutron by followmg 
erther Method A or B The reaction was termmated by addrtron of 4M hydrochlonc 
acrd wrth coohng m an Ice-bath and, after hydrolyses, for 2-ammo-2-deoxy sugars, 
2-ammo-2-deoxyaldttol, and ammo acids were determmed as described5 For control, 
samples of the keratan sulfate peptide were added after neutralization of the alkalme 
borohydnde solutton with 4~ hydrochloric actd. For other reasons, analyses were 
also performed on treated samples after exhaustrve dralysrs agamst de-romzed water 
In these cases, the reactron was terminated by addrtron of glacral acetrc acrd 

RESULTS AND DISCUSSION 

Comparison of the results reported m Tables I and LI shows that, under both 
sets of condltrons of /3-elnnmatton and reductton, almost equrvalent amounts of 
2-acetamrdo-2-deoxy-D-galactose, threonme, and senne were destroyed, I e - 75% 
of each component, m agreement wnh Bray et al ’ All other ammo acrds show 
recovenes of 90% or greater Reductron of the Zammopropenorc and 2-ammo-2- 
butenoic actd residues would be expected to yield alamne and 2-ammobutync acrd, 
respectrvely Under both sets of condrttons, -45% of the destroyed serme was 
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converted to alamne. The absence of Zammobutync aced 1s not surpnsmg, as 
quantitative reduction of the unsaturated residues requires a catalysti 

TABLE I 

COMPONENTS OF CARTILAGE KERATAN SULFATE BEFORE AND AFI-ER TREAT~BNT BY METHOD A” 

Component Befod After b Recovery (%) 

2-Ammo-2-deoxy-o-gallactose 0.13 0 034 26 
2-Ammo-2-deoxy-D-galachtol OJO 0 046 
2-Ammo-2-deoxy-D-glucose 092 0 72 78 
2-Armno-2-deoxy-D-glucltol 000 000 
Threonme 0 070 0 020 29 
Serme 0 077 0018 23 
Alimne 0 027 0055 204 

“0 5hi So&urn hydroxxd*h% sodmrn borohydnde for 24 h at 24”. *,~Mol per mg 

TABLEJI 
COMPONENTS OF CARTILAGE KERATAN SULFATE BEFORE AND AFTER TREATMENT BY METHOD B" 

Component Before” After” Recovery (%I 

2-Ammo-2-deoxy-n-galactose 0 14 0031 22 
2-Ammo-2-deoxy-n-galactltol 000 0 090 
2-Ammo-2-deoxy-n-glucose 0 89 0 53 60 
2-Ammo-2-deoxy-n-ghxcltol 000 000 
Threomne 0 059 0 015 25 
Serme 0 065 0 014 22 
Alaume 0 026 0 048 185 

#O 0% Sodmm hydroxide-M sodmm borohydnde for 20 h at 50" epMol per mg 

Under both readon con&tions (Mefhhods A and B), the extent of ehmmation 
of O-substituted serme and threomne residues was essentially the same. as determmed 
by the recovenes of these ammo acids after alkahne borohydnde treatment Llkewxse, 
under both sets of condltlons, the ehrmnatxon of 2-acetanudo-2-deoxy-D-galactose 
was very slrmIar It appears, therefore, that for car&lage keratan sulfate both sets of 
condltlons of cleavage produce essentially complete ehmmation of O-substituted 
serme and threonine residues. 

The Important cbfference between the two sets of conltxons of alkahne boro- 
hydnde treatment IS the amount of 2-acetanudo-2-deoxy-D-gala&to1 produced, 
determmed as 2-ammo-2-deoxygalactltol Mettlod A converted (Table I), 48% of the 
destroyed 2-ace-do-2-deoxy-D-galactose into the correspondmg al&to& whereas 
Method B (Table II) converted 83% Into the al&to1 The remamder of the carbo- 
hydrate residues Involved m the in&age w.~th the peptlde &am and not converted 
Into the al&to1 was presumably converted mto reduced “chromogen”. 
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The destructmn of 2-acetarmdo-2-deoxy-D-glucose residues under both sets of 
condmons, with no concomitant production of the correspondmg alltol, IS not 
readily explamed. Perhaps, it represents alkah cleavage of a yet unknown hnkage of 
these sugar residues to the pepnde chain, or a labrhty due to a special positron m the 
polysaccharide &am. As yet, no definitive explanation for this phenomenon has 
been found. 

When these expenments were performed under identical conditions, except 
that the samples were dialyzed before hydrolysis and analysis, almost Identical 
results were obtained Under the conditions of Method A, 47% of the destroyed 2- 
acetanudo-2-deoxy-D-galactose was converted mto the correspondmg ahhtol, 
whereas under the cond~trons of Method 23, 85% conversion occurred In addition, 
more than 90% of the products denved from the hnkage 2-acetarmdo-2-deoxy-B- 
galactose residues were retamed after dialysis, m ameement wrth the hypothesis that 
these products remain attached to the keratan sulfate chams, the hnkage sugar 
residues bemg substituted at the 6-posrtion’. 

Under both sets of con&tions of alkahne borohydnde cleavage, the molar 

ratro of 2-acetanudo-2-deoxy-D-galactose destroyed to the total of threomne and 
senne destroyed was near umty, an mlcation that the destructron of these components 
by alkah is specific for an O-glycosyl hnkage. 

The results obtamed here are m agreement tvlth stu&esg-ll on model &sac- 

charides composed of 3-substnuted 2-acetarmdo-2-deoxy-D-galactose and 2-acetdnudo- 
Zdeoxy-D-glucose residues Under conditions sirmlar, or equivalent, to those of 
Method 23, reduction of the disaccharide occurred to a much greater extent than 
degradation by “chromogen” formation In addition, the results obtained here are 
smular to those obtamed by Oates et al 16, who apphed 0 1~ sodmm hydroxide-3% 
sodium borohydnde for 48 h at 65” or 0 IM tnsodium phosphate-O 05~ sodmm 
borohydride for 7 days at 37” to human gastnc mucin. 

Concbnons that produce high yields of aldltol after cleavage of the poly- 
sacchande from the pepnde cham ~111 prove especially useful m the rsolatron of 
“ hnkage regron” ohgosacchandes from carhlage keratan sulfate and from other 
substances contaimng srnular structures’ 
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