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The mam repeatmg-umt of keratan sulphate (KS) IS O-/3-n-galactopyranosyl- 
(1 -+I)-2-acetanudo-2-deoxy-D-glucopyranose (l), polymerized vfa j?-(l-+3)-hnkages 
Some of each type of monosacchande resxdue IS sulphated1-3 at positron 6 Much IS 
known about the actron of alkali on the carbohydrate-protem hnkages m KS and 
proteoglycans 4-g Cornea1 KS IS stablelo m 2~ sodmm hydroxide at room temper- 
ature for at least 120 h, and the 3,Ganhydro derrvatrve of the hexosamme moiety 1s 
formed1 ’ from KS by the a&on of 0 5~ sodrum hydroxrde m the presence of sodmm 
borohydnde at SO” for 7 h Alkaline fuslon12-f4 or treatment1’-16 urlth 40% 
sodmm hydroxrde at 115” for 6 h produces clutosan from chum 1 

OH NH& 

1 2 

Ansmg from a study of the actron of alkah on glycosammoglycans”, we now 
report on the IV-deacetylatron of KS by alkah and the preparation of some new 
derrvatrves of the N-deacetylated KS 

As shown by n m r spectroscopy, treatment of KS wnh 0 5~ sodium hydroxide 
at 80-83” for 5 h gave an mcompletely N-deacetylated product, and treatment with 
2~ sodmm hyd:oxrde gave a completely N-deacetylated product m a relatrvely low 
yield (42%) However, treatment with 1 5~ sodmm hydroxrde gave 79% of a com- 
pletely N-deacetylated product (anhydro-KS, 2) mvolvxL g 2-amino-3,6-anhydro-2- 
deoxy-D-glucose (3,6-anhydro-GlcN) m place of 2-acetarmdo-2-deoxy-D-glucose 
residues Sampson and Meyer” reported the formation of 3,6-anhydro denvatives 
from KS and heparm by the action of alkah 

The molar ratios (Table I) of Gal GlcN 3,6-anhydro-GlcN SO, were 1 00.0 85 
0 00 0 95 for KS and 100 0 17 1.00 0 25 for 2 Ammo acid analysis (Table I) and the 
carbazole reactton showed that senne, threomne, and uromc acrd, present in small 
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proportrons m KS, almost disappeared on the formation of 2 Tbxs mdxatesl’ 
that contammated glycosammoglycan moretles are hnked glycoadrcally to hydroxyl 
groslps of senne and threomne On the other hand, asparagme and glutamme present 
in KS were almost completely unaffected by the alkah-treatment Cornea1 KS IS 
stable to alkah, aud presumably contams Z-acetarmdo-2-deoxy-o-glucose residues 
hnked to the anudegroups of asparagme and glutamine moletles, whereas carblagmous 
KS is lablle to alkah and contams 4 ’ 2-acetanudo-2-deoxy-D-galactose residues 
attached to the hydroxyl groups of serme and threomne. The present data reveal 
that the glycosylanune hnkage at the reducmg end of the polysacchande cham m 
cornmeal KS is stable to 1 5~ sodmm hydroxxde in the presence of sodmm boro- 
hydrxde at 80-83” for 5 h 

TABLE I 
COMPONENT AXALYSIS OF ICERATAN SULPHATE AND N-DEACETYLATED KERATAN SULPHATE= 

Component Keratan sulphate N-Deircetylated 
keratan su@hatec 

Gal 
GIcN 
3,6-Anhydro-GlcN 
GalN 
so4 
GlcU 
Pephde 
Asp 
Thr 
Ser 
GlU 
Pra 
GUY 
Ala 
Val 
Met 
llea 
l&U 

TF 
Phe 
Lys 
His 
Arg 

1890 (34 0%) 
1610 (28 9%) 

Ob 
trace 
1790 (17 2%) 

92 (1 8%) 
(0 7%) 

274 
39 
31 

65 
0 
22 
26 

c 

ik 
09 

trace 
trace 
trace 
trace 
trace 
trace 

2350 (42 3%) 
406 (7 3%) 

2360 (38 0%) 

59: (5 7%) 
0 

(0 65%) 
282 

09 
04 

107 
0 
17 
13 
64 
00 
04 
04 

trace 
trace 

0 
0 
0 

OIn moles/g bA preparation contamed a trace of 3,6-anhydro-GlcN, and anal~sn of various prepara- 
t~ons IS progressmg ISI our laboratory W-content <4 O%, ca!coIated from GlcN, 3,6-anhydro-GlcN, 
and peptlde) and S-content (1 9%, calculated from sulphate) are shghtly lower than the observed 
values of N, 4 58 and S, 2 38%, but the difference IS wlthm the lout of expenmental error 

Treatment of 2 with acetic anhydnde and pyridme zn formarmde gave peracetyl- 
ated anbydro-KS (31, [c&l -97’ (water) The n m r spectrum of 3 mchcated four 
acetyl groups per chsacchande umt, m contrast to five acetyl groups [6 2 17 (SAC), 
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2 10 @AC), 1 95 (lAc)] for peracetylated KS, and SIX [S 2 15 and 2 03 for peracetyl- 
ated keratan O-Deacetylation of 3 wrth 0 IM sodmm hydroxrde at room temperature 
overnight gave IV-acetyl-anhydro-KS (4), [a);” - 23” (water) 

On formatron of the 3,6_anhydro rmgs, there IS mversron of the hexosammlde 
moiety from the 4C, to the lC, conformatron and thrs IS reflected by the n m r data 
and the [&, vahres The srgnal for H-l of the 3,6-anhydro-GlcN morety m 2,3, and 4 
appeared at 6 5 03-5 43 as a doublet (J1,2 0 O-1 0 Hz) Compounds 2, 3, and 4 
showed [LY]$’ values of -62q -97q and -23”, respectively, whereas KS, kerzttan, 
peracetylated KS, and peracetylated keratan showed values of i- I _7O, f 1 O, + 7”, and 
+ 3”, respecttvely 

Anhydro-KS 2 IS an excellent matenal for preparatton of iV-substrtuted denv- 
atlves Much more severe treatment (7-10,~ NaOH) was employed for the N-deacetyla- 
tton of chondrortm sulphates and hyaluronate, which was accompaoted by consrd- 
erable degradatton ” 3,6-Anhydrohexosamme moretres were not found m chondrorhn 
sulphates treated wrth alkali “. 

On methanolysls, the 3,6-anhydroglycosrde moxety of seaweed polysacchartdes 
is converted into the &methyl acetal denvatlve and there IS less destructron than m 
acrd hydrolysrs18 Methanolysts was therefore used m the ammo acrd analysrs (cf 
ref 11) The retentron trmes are shown m Table II 

TABLE II 

RETENTION TIMES OF 2-AMINO-3,6-ANHYDRO-2-DEOXY-D-GLUCOSE AND 
ITS *I- YL. ACETAL BY AN AMINO ACID ANALYZEi’* 

Compound R GLCN 

Z-Ammo-3,6-anhydro-2-deoxy-D-glucose 

2-Amino-3,6-anhydro-2-deoxy-D-glucose dlmethyl acetal 

Methyl 2-ammo-2-deoxy-cc-D-glucopyranosldec 

Methyl 2-ammo-2-deoxy-/3-D-glucopyranoslde’ 
Ammoma 

1 71” 

1 8.5 

120 
1 02 

2 38 

“Usmg a 50-cm coIumn eluted with 0 35~ citrate buffer (pH 5 09) bReported value” = 1 65, with 

the use of 0 3% citrate buffer, pH 5 28 These methyl glycosldes were prepared from the correspond- 

mg &tcetyl denvative by the actlon of alkah The detalled expenment wdl be reported elsewhere 
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EXPERIMENTAL 

General methods - Speafic rotations were recorded on aqueous solutrons 
using a cell of path length 1 cm with a Yanagimoto automatic polanmeter (OR-50) 
N m r. spectra were recorded at 60 MHz with a Hrtacht spectrometer (R-24) on 
solutions m D,O with sodium 2,2,3,3-tetradeuteno-3-(tnmethylsllyl)prop~onate as 
Internal standard. I r spectra were recorded wrth a IWacm gratmg spectrometer 
(Type 215) D-Galactose was analysed by the anthrone methodlg, ammo acids and 
hexosamme by a IWacm KLA-5 ammo acid analyser, D-glucuromc acid by the 
carbazole method”, and sulphate by the barium chloroamlate method’ ’ 

2-Ammo-3,6-anhydro-2-deoxy-D-glucose was determmed as Its &methyl 
acetal derivative m the ammo acid analyser 2-Amino-3,6-atihydro-2-deoxy-D-glucose 
&methyl acetal was prepared by refluxmg 2 in 10% methanohc hydrogen chloride 
for 30 h 

The reaction rmxture was concentrated to dryness (m uacuo) and the residue was 
lssolved m distilled water. A part of thx solution was apphed to the analyser, which 

mvolved a column (50 cm) of Amberhte CG-120 (Type III) resm and elutlon with 
0 35~ citrate buffer (pH 5 09) 

Materials - KS, conventionally isolated as the sodium salt from bovme 
corneas”, had [a]; f 1 7” (c 1), and the analytical data are shown m Tabie I 
Keratan, prepared’ from cornea1 KS had [a]:: + lo (c 0 7) (Found SO,, 2 7%) 
Peracetylatron of KS and keratan was performed with ace&c acid and pyndme, by 
prior swelhng m formarmde ” Peracetylated KS(Ba) (66%) had [c&r +7” (c 1). 
vNuJol 3350~ (NH), 1760-1700s (C=O m OAc), 1240s (C-O m OAc and S=O), 820~ ma= 
cm-’ (equatonal C-O-S) The ratio of signals for acetate methyl/methme and 
methylene groups m the n m r spectrum was 1 06 (Calc 1 07) (Found N, 2 4%) 
Peracety!ated keratan (45%) had [oI]~’ +3’ (c 0 79), vz’ 3400-3300~ (NH), 1760- 
1730s (C=O m OAc), 1240s cm- ’ (C-O m OAc) The ratlo of signals for acetate 
methyl/me&me and methylene groups m the n m r spectrum was 1 19 (Calc 1 28) 
(Found N, 2 6%) 

N-Deacetylatzorl of KS - A solution of KS (200 mg) m 10 ml of 1 511 sodium 
hydroxide contarmng 200 mg of sodium borohydnde was heated at 8O-830 for 5 h 
and then allowed to attam room temperature Excess borohydnde was decomposed 
with 6hf hydrochloric acid The solut.ron was concentrated to dryness m vacua at t40”. 
Boric acrd was removed from the residue by repeated drstrllation of methanol there- 
from The residue was then eluted from a column (I .6 x 86 5 cm) of Sephadex G-25 
with 10% ethanol Fractions (4 g) were assayed by the anthrone methodI A mmor 
peak (fractions 30-37) was drscarded, and the fractions (19-29) containmg the maJor 
peak were concentrated zn vacua at <40” to a small volume and then lyopluhzed to 
grve anhydro-KS (2, 158 mg, 79%), [&l -62” (c I), vz 3400-3300s (OH, NH), 
1240s cm- 1 (S =0) 

Anal Calc for (C12H,8N08(H), ,(SO,Na), 2)n N, 4 17, S, 1 91 Found 
N, 4 58, S, 2 38 
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N m r data 6 5 10 (d, 1 proton, Jl,2 -1 Hz, H-l of 3,6-anhydro-GlcN); 
there was no acetamtdo methyl sIgna (S l-3) A ratio of 3,6-anhydro-GlcN/GlcN 
of 5 8 was obtamed by the ammo acid analyser. Other anslytical data are shown m 
Table I 

Peracetylatzon of anhydro-KS (2) - After treatment of 2 (70 mg) mth acetlc 
anhytide and pyndme m formamlde at room temperaturez3, the reactxon rmxture 
was poured mto Ice-water (N 30 ml) After N 1 h at room temperature, the solution 
was concentrated zn uacuo to -10 ml, then apphed to a column (1 6 x 86 5 cm) of 
Sephadex G-25, and eluted with 10% ethanol Fractions whch gave a positive 
anthrone reactxon were combmed and eluted from a column (1 7 x 10 cm) of Dowex- 
50(Hf) resm with chstllied water The eluate produced was concentrated m vacua at 
~40” and lyophlhzed to give peracetylated anhydro-KS (3,58 mg, Sl%), [a]g -97” 

(c 16L vZ 1740s (C=O m OAc), 1230s cm-’ (C-O m OAc and S=O) 
Anal Calc for {C18Ht~N0,,(COCH3), 8(S03H)0 2>1* N, 2 90; S, 1 32 

Found N, 2 80, S, 145. 
N m r data- 6 2 09 and 2 20 (s, 12 protons, 4Ac), 5 43 (d, 1 proton, Jl 2 

-0 Hz, H-l of 3,6-anhydro-GlcN) 
0-Deacetylatzon of 3 - A solution of 3 (40 mg) m 5 ml of 0 1~ sodium 

hydroxide was kept at room temperature overnight, then neutrahzed with 0 1~ 

hydrochlorx acid, and eluted from a column (1 6 x 86 5 cm) of Sephadex G-25 with 
10% ethanol. Fractions wbch gave a posmve anthrone reaction were combined and 
eluted from a column (1 7 x 10 cm) of Dowex-SO(H’) resin as described above The 
eluate was concentrated zn vacua at t40” and lyophhzed to grve N-acetyl-anhydro- 
KS (4, 23 mg, 580/o), [alA -23” (c 0 69), v= 3350-3450s (OH, NH), 1240s (S=O), 
1040-1090 cm- ’ (C-O-C) 

Anal Calc for (C14HZ0N09(H),, s(SO,H), 2)n N, 3 86, S, 1 76 Found 
N, 4 14; S, 1.94 

N m r data 6 2 06 (s, 3 protons, AC), 5 03 (d, 1 proton, Jl,z -0 Hz, H-l of 
3,6-anhydro-GlcN) 
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