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ABSTRACT 

Radiolabelled disaccharide substrates for cY-L-iduronidase, P-D- 

glucuronidase, and sulfoiduronate sulfatase have been prepared from dermatan 

sulfate by application in sequence of N-deacetylation, deaminative cleavage, and 

reduction with NaBT4. The yield of disaccharides was -87% of the total oligosac- 

charide fraction. Five disaccharides were isolated and tentatively identified. The 

major disaccharide, 0-(cu-L-idopyranosyluronic acid)-(l--+3)-2,5-anhydro-D-[l- 

3H]talitol 4-sulfate (IdoA-anT4S), represented -75% of the total disaccharide 

fraction. The other disaccharides were 0-(cw-L-idopyranosyluronic acid 2-sulfate)- 

(l&3)-2,5-anhydro-D-[I-“H]talitol 4-sulfate (IdoA2S-anT4S), o-(p-D-gh_tco- 

pyranosyluronic acid)-( l-+3)-2,5-anhydro-D-[ l-3H]talitol 4-sulfate (GlcA-anT4S), 

0-(P-D-glucopyranosyluronic acid)-( 1+3)-2,5-anhydro-D-[ l-3H]talitol 6-sulfate 

(GlcA-anT6S), and 0-(cx+idopyranosyluronic acid)-(l-+3)-2,5-anhydro-D-[l- 

3H]talitol (IdoA-anT), which represented -4.5, 11.2, 1.0, and 1.8%, respectively, 

of the total disaccharide fraction. When incubated with cultured skin-fibroblasts 

from normal controls, IdoA-anT4S was shown to be a sensitive substrate for a-L- 

iduronidase to produce 2,5-anhydro-D-talitol 4-sulfate (anT4S). Activity toward 

IdoA-anT4S was not observed with fibroblast homogenates from cw-L-iduronidase- 

deficient patients (Mucopolysaccharidosis Type I). Similarly, normal-fibroblast 

homogenates degraded GlcA-anT6S to anT6S, and GlcA-anT4S to anT4S, at a 

rate 6 to 8 times greater than found for fibroblasts from P-D-glucuronidase- 

deficient patients (Mucopolysaccharidosis Type VII). IdoA-anT4S was hydrolysed 

by cu-L-iduronidase at a rate 365 times greater than that for IdoA-anT. Sulfation of 

the anhydro-D-[l-3H]talitol residues is an important structural determinant in the 

mechanism of action of a+iduronidase on disaccharide substrates. IdoA2S-anT4S 

was degraded to IdoA-anT4S and then to anT4S by normal-fibroblast homoge- 

nates, whereas fibroblasts from cY-L-iduronidase-deficient and sulfoiduronate sul- 

fatase-deficient (Mucopolysaccharidosis Type II) patients produced considerably 

decreased levels of anT4s and IdoA-anT4S (and anT4S), respectively. 
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Dermatan sulfate (DS) is degraded by the sequential action of at least four 

highly specific, lysosoma! enqmes that act at tile non-reducing end c\f this glyco- 

saminoglycan chain. Three of these enzymes, namely. O-I -iduronidahc. a~lf’oiduro- 

nate sulfatase, and P-n-glnctlronidase. arc also involverl in Ihe ilegradatic~r: c,f 

hcparan sulfate (HSj and heFarin ‘. Genetic disorders of ~l~~os~~rnino~l~~~~~~ 

catabolism have been described where the activity of one of Ihcse I~~~~w~nal en- 

zymes is grossly diminished. lending to the accumulation of partially ;!cgradcd DS 

and HS in lysosomes and Ihe expression of clinical defects.‘. Exp~rien~~~ uith the 

determination of the activities of mutant enzymes produced in gcnctic tiisor-der> 

hax underlined the need lo use substrates the structures of M.~Ic/: c4osel! match 

thWX! Of the natural SLlbStriJtC ’ ‘. Kadiolabcllcd disaccharides prcparai from he!‘+ 

rin via deamination with nitrous acid have been utilised ax cubsrratc\ for O-I - 
iduronidase. sulfoiduronate sulfatasc, and ~-i,-glucurc)l7idasc’~ I‘~. ‘I‘!Ic substrata 

derived from heparin all contain uranic acid rchiducs IY- (:r /3-( 1 4)-linked I(> 7.5 

anh~dro-n-mannitc,I or 2.i-3nhydro-r>-m;tnriit~~l h-sulfate. whereas the uranic acid 

residues in DS are a- or ,&( 1 +3)-linked to 3- or h-sulfated ‘,-~lcr~~;~!niiicl-:!--cieou~-i)- 

galactose. We now report on radiolabelled disaccharides produced b! degradation 

of N-deacetvlatcd DS with nitrous acid and on thttir rnzymic ciegradation b> 

homogenates of cultured human-skin fibrob!ast\. A similar stud! with i,cratnn \LI!- 

fate has been rcportsd”“. 

/solution of rudiolahrlled disacchwidc ~rupnrrrrs ,ficv?~ 115. - .Y-Deacetyla- 

tion of hexosamine residues”’ with hydrazine has been applied to DS and thence. 

using nitrous acid followed by NaR’I’,. various radio!al~el!cci disaccharides ha\,c 

been produced. The effect of time . at 98” in hydl-zinc. on the .V-deaatvlatiori 01 

DS was evaluated by fractmnation on Sephadex G-25 of the product> of~dograd:r- 

tion with nitrous acid. Two ma.jor uranic acid-!xGtive fractions UCI-c obx~r\cd 

(Fig. IA). The more-rctarticd and the less-retarded peaks c)t uron~c x&positive 

material had the same elution position as the rcfercncc ITS-riai\,ed drxaccharide 

and tetrasaccharide standards. respectively. Treatmenr of’ IX with nitr-ou< zcid did 

not yield detectable amounts of di- or tetra-sacchal-idc~ (Fig. I A j. 1 IIC U~OI~IC acid- 

positive material in tht: disaccharide peak was rcduccc! with Natil~l, ;rnd the prcxi- 

uct was subjected to ion-eschangc chromatography (Fig. 2). Sinlila! !profi!cs ot 

radioactivity were obtained for the radiolal~elled disaccharide ir-action 1~1~1ted 

from DS that had been ,A-deacetylated for 2 and S h. The major pC;ik o!’ radioacti\,- 

itv was eluted at the concentration of salt required lo clu~c% xhc m~.~no\utfatctf disac- 

charicle IdoR~-anM6S. The greatest proportion of di\xchal-idc \+a~. p!-~~duc~tf iron1 

DS that had been treated with hydrazine far 8 h (Fig. 1 A). I‘hc r;ttic)\ OI’ radiolabcl- 

Icd products that were elured with unsulfated. mono\uli’ntc4 ” anti iiiSLl!l,rtcd dissc- 
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Fig. 1. Gel chromatography of products derived from DS and N-deacetylated DS by deamination with 
nitrous acid: A, DS N-deacetylated by treatment with hydrazine for 2 h (--O--), and 8 h (a), and 
DS (--A--) were deaminated (see Experimental), and the products were applied to a column (1 x 200 
cm) of Sephadex G-25 and eluted with 0.2M NaCl in 0.05M sodium acetate buffer (pH 5.3) at 2-8 mL/h; 
B, DS N-deacetylated by treatment with hydrazine for 6 h. Arrows indicate peak elution of Blue 

Dextran (V(l), and tetrasaccharide and disaccharide standards. 

charide-standards were not changed by N-deacetylation for 2 h or 8 h (Fig. 2A). 

Detailed structural studies were carried out on the products of N-deacetylation of 

DS with hydrazine for 6 h, followed by deamination and reduction with NaBT4. 

After reduction with NaBT,, electrophoresis of the disaccharide fraction (II, Fig. 

1B) at pH 1.7 or pH 5.0 gave three radiolabelled fractions having mobilities similar 

to those reported’3,2’ for unsulfated, monosulfated, and disulfated uranic acid di- 

saccharides. 
Ion-exchange chromatography of fraction II (from Fig. 1B) also gave three 

radioactive and uranic acid-positive sub-fractions (IIA-C; Fig. 2B), the relative 

ratios of which are recorded in Table I. 

Charucterisation of Fractions ZZA-C. - Paper chromatography of IIA (sol- 

vent I) gave two radiolabelled fractions (IIAI and IIA2), representing 1.2 and 

3.3%, respectively, of the total radioactivity of fraction II. Fraction IIAl was not 

studied further. Electrophoresis at pH 5.1 separated fraction IIA2 into two compo- 
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Fig. 2. Ion-exchange chromatography on AC I-X4 of fraction II from Fig. I B. Desalted Ii was reduced 

with NaBT$, desalted. and applied to a column (2 x 10 cm) of AC I-X4 washed with 70 mI. of 0.05~ 

Tris HCI buffer (pH 7.6) and eiuted with a linear gradient generated from O.O5\t ‘1 1’1s HCI buffer (pH 

7.6) and 2~ LiCl in 0.05~ Tris HCl butfer (pH 7.6) by using an LKB 11300 Ultrogrxl gradlent mixer: 

A, radiolabcllcd II isolated from DS .!v-deacctylatcd for 2 (A) and X h l-L’-i. R. radiolabclled 

II isolated from DS N-dcacetylated for 6 h (A). Fractions were collected. assayed for ratlioacri\ity. 

combined where indicated (I-- ). and desalted. Arrows indicate the peak position of ?tsindarJs: a. un- 

sulfated disaccharide: b. monoculfated disaccharide: and c. disrlltatcd disnccharidc 

nents (IIA2a and IIA2b). Fraction IIAZa moved toward the anode with the same 

mobility as IdoA-anM and was degraded by /3-D-glucuronidase-deficient and nor- 

mal fibroblasts. but not by cu-L-iduronidase-deficient libroblasts. to a product that 

was not charged during electrophoresis at pH 5.1. Fraction IIA2b was not studied 

further. The relative ratios of fractions IIA2a and IIA2b arc recorded in Table I. 

On the basis of these results and the products expected from ,V-dcacetylated DS, 

IIA2a was concluded to be O-(cu-I~-idopyranosyluronic acid)-( I-~~)-7.S-~tnhydro-TV- 

[I-“Hltalitol (I. IdoA-anT) and represents -1’3 of the total disaccharide isolated 

from IX. 

Fraction IIB gave (p.c.. solvent f) three radiolabelled sub-fractions (IIBl. 

IIB2. and IIB3; Fig. 3), of which IIB2 and I1B.i migrated during elcctrophoresis at 

pH 1.7 and 5.1 as a single radiolabelled component having a mobility similar to that 
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TABLE I 

DATAFORPRODUCTSOBTAINEDFROMN-DEACETYLATEDDSAFTERDEGRADATIONWITHNITROUSAC~DAND 

SUBSEQUENTREDUCTIONWITH NaBT, 

Fraction Proposed 
structure 

Yield 
(mCi) 

I 
II 
IIA 
IIAI 
HA2 

IIA2a 
IIA2b 

IIB 
IIBl 

IIB2 
IIB3 
IIB2a 

ITB2b 
IIB3a 
IIB3b 
IIC 

IdoA-anT 

IdoA-anM 

GlcA-anT6S 

IdoA-anT4S 
GlcA-anT4S 
IdoA-anT4S 
IdoA2S-anT4S 
GlcA-anT6S 
GlcA-anT4SC 

4 
22 

1 
0.26 
0.74 
0.17 
0.40 

19.8 
0.10 

0.18 
12 
0.09 
0.02 
1.1 
7 
0.98 

Electrophoresis P. c. 

pH1.7 pH5.1 Solvent 1 Solvent 2 

(Ra)” (Rb)b 
(RcT (Rc)~ (Rd)“ (Rd)’ 

mcd mc mc mc 

mc 
:F, mc 

mc mc 

e 

0.26 
0.22 z5 0.94 1.05 
0.26 0.71 0.97 1.08 
0.22 0.59 1.00 1.00 

0.22 1.55 1.26 z7 :“,6 
0.79 mc 
0.99 

0.96 1.01 0.79 ?.:8 
0.99 0.93 1.58 
0.93 1.03 0.97 1.14 
1.00 1.00 1.02 1.58 
1.54 1.23 0.44 0.69 
1.0 1.0 0.67 
1.0 1.0 1.14 

“Relative to standard monosulfated-disaccharide IdoA-anM6S. bMobility of IIA components relative 
to IdoA-anM. ‘Derived from chondroitin sulfate. dMultiple components. eNot done. 

H&OH H&OH H&OH 

HgHc3H10H H$Hc3HjOH 3Ht3; 

OH OH OH 

l(IdoA-anT, IIA2a) PtGlcA-onT4S, IIB 30) 

5 (IdoAZS-anT4S, DC) 
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reported for monosulfated disaccharides derived from hcparin’ +; IiB 1 was not 

studied further. P.c. (solvent 2) of TIB2 produced two components (IIB2a and 

IIB2b). Fraction ITB2b had mobilities (p.c.. solvents I and 2) similar to those of the 

major radiolabelled component in IIB_?b, and was degraded by librnblast homoge- 

nates from normal. ,G-r>-glucmonidase-. and sulfoiduronide sulf;ltas~-deficient pa- 

tients. but not by rw-I.-idurcrnidase-deticient fibroblasts. Fraction IIB?a, represent- 

ing 70% of the total radioactivity in IIB2 (Table 1). migrated during electrophoresis 

at pH 1.7 as a single radiolabclled component having a mobilit! Gmilar to that rc- 

ported” for monosulfated disaccharides. IlB2a was degraded b! (1-1 -iduronidase- 

deficient, sulfoiduronate sulfatase-deficient. and normal fibroblasts. bait not by /3- 

u-glucuronidase-deficient fibroblasts or purified cu-I.-iduronidasc. to a product 

which. during clectrophoresis at pH 1.7 or p.c. (solvent 3). had mobilities similar 

to those of the radiolabelled component produced by incubation of (;lcA-anThS 

(derived from chondroitin sulfate, see Experimental) with normal fibrohlasts 

(Table IT). IlB2a migrated during p.c. (solvents I and 2) with mobilities similar to 

those of GlcA-anT6S isolated from chondroitin sulfaie (Table I). 0n the basis of 

these results and the products expected from R;-deacetylated KG. IIB2a was as- 

sumed to be O-(fi-I>-glucopyranosyluronic acid)-( I-~3)-2.5-anhydro-~~-[ I--‘HI- 

talitol Gsuifate (4, CilcA--anThS). 

Fraction IIB3, representing 08% of the total radioactivity of IIR, gave (p.c.. 

solvent 2; Fig. 3) two sub-fractions (IIB3a and IlB3b), representing 11 and 86V. 

respectively, of the total IIH3 radioactivity (Table I). Incubation of lIB?a with (u-t - 

iduronidase-deficient. sulfoiduronate sulfatasc-deficient, or ncx-mal tibrtjblasts pro- 

duced a radiolabelled component with an electrophoretic mobilit\ at ptt t .7 similar 

to that of 7,5-anhydro-r,-[ l-‘Hlmannitol 6-sulfate. Radiolabrlled prtlducts were 
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Fig. 4. ~adiochromatograph~c scan after px. (64 h/25”, solvent -7) of fraction fIB3 from Fig. 3. Fractions 
IIBSa, 11B3b were eluted with water. 

not found following incubation of 1133a with ~-D-glu~uro~idase-de~ci~~t fibro- 
blasts and purified ~-~-iduronidase. The radiolabelied product from the incubation 
of normal fibroblasts and IIB3a had a mobility (p.c., solvent 3) similar to that of the 
product obtained after incubation of GlcA-anT4S (isolated from chondroitin sul- 
fate) with normal fibroblasts (Table II). Incubation of IIB3b with P-D- 

glucuronidase-deficient and sulfoiduronate sulfatase-deficient fibroblast lines pro- 
duced a monosulfated monosaccharide that was not observed after incubation with 
the a-L-iduronidase-deficient fibroblasts. The radiolabelled components produced 
from incubation of IIB3a and IIB3b with normal fibroblasts had similar mobilities 
(p.c., solvent 3; Table II), whereas the radioiabelled product obtained from incu- 
bation of IIB2a ran with a mobility lower than that observed for IIB3a and IIB3b 
(Table II). On the basis of these results, and the products expected from the N- 
deacetylated DS, IIB3a and IIB3b were concluded to be o-(P-D-ghco- 

pyranosyluronic acid)-(1-+3)-2,5-anhydro-D-[l-3H]taIitol 4-sulfate (2, GlcA- 
anT4S) and 0-(~-L-idopyranosyiuronic acid)-(l~3)-~,5-anhydro-I~-~l-~H]talitol4- 
sulfate (3, IdoA-anT4S), respectively. A digest of DS with chondroitinas~ ABC2’ 
contained -4% of &sulfated disaccharide and 96% of 4-sulfated disaccharide. 
These values are consistent with the observed ratios of IIB2a, IIB3a, and IIB3b 
(Table I). 

Unsuifated, radiolabelled disaccharide was not detected after incubation of 
any IIB fraction with normal fibroblasts. The possibility was therefore excluded 
that significant amounts of 0-(cw-r,-idopyranosyluronic acid 2-sulfate)-(l-+3)-2,5- 
anhydro-~-[~-3~]talitol were present in IIB. 

Only a single radiolab~lled component was observed when IIC was subjected 
to p.c. (solvents I, 2, or 4). Only one radiolabelled component, with a mobility 
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TABLE II 

P.C (SOI VtN r 3, 4 D4YS A I 25”) OF DEFRADA IION PHODWl’(S) tKOl1 [~ISA~‘(‘HARII)~S AFI t R IN1‘l’H..\ I’IOV 

WITH FIBROBI.ASI‘HOMOG~UA’IFS ~UL’I’I’RFD FROM NORMAL INDIVIDUAI S 

Fraction Pro[l”S”f .srrU(‘tNr<’ P. c mohiiirv of ,slrlfirted pi-oducr 

c~frrrhsrrarc (cm from oriplrl J 

Hurl I Krur 2 

IdoAZS-anMhS 15.2 Ih.8 

IdoA-anMhS 14.6 lb.4 
C;lCA-ZmMhS 16.0 II 

IIC IdoA2S-anT3S 17.0 20.4 
lIB3b Id<>A-anTlS 18.3 
IIBiZl GlcA-anTJS( DS)” 16.7; 17.X’ 1’1.6 

CW-X~T4S(C‘S)” 1x.-l 
IIB2a GlcA-anThS(DS)” 13.3 16.0 

GlcA-nnThS((‘S)” 13.’ 

“Not applicable or not done. ‘Derived from DS or chondroitin sulfate (C’S). ‘Duplicate channel. 

similar to that reported for a disulfated disaccharide, was observed when IIC was 

subjected to electrophoresis at pH 1.7 or 5.1. Incubation of IIC with P-D- 

glucuronidase-deficient fibroblasts produced two radiolabelled components, with 

mobilities [electrophoresis at pH 1.7 or p.c. (solvent 3)1 similar to those of the 

monosulfated disaccharide IIB3b and the radiolabelled product (Table II) resulting 

during the incubation of normal fibroblasts and IIB3b. Incubation of 1IC with Q-L- 

iduronidase-deficient tibroblasts produced just one radiolabelled component which 

had a mobility similar to that of IIB3b during electrophoresis at pH 1.7. Incubation 

of ITC with sulfoiduronate sulfatase-deficient fibroblasts failed to produce detecta- 

ble levels of radiolabelled products. 

These results suggest that the major radiolabelled component in IIC is 0-(cu- 

L-idopyranosyluronic acid 2-sulfate)-( l-+3)-2.5~anhydro-D-[ l-3H]talitol &sulfate 

(5, IdoA2S-anT4S). 

Assay of sulfate ester and uranic acid distribution in DS rc;oectr-sc’querlcf. -_ 

Information about the structure of DS can be gained from the identification of the 

major radiolabelled components in fraction II as IdoA-anT4S (31, C;lcA-anT4S 

(2), IdoA2S-anT4S (5). IdoA-an?’ (I j, and GlcA-anThS (4). represenfing (Table 

I) -7.5, 11.2. 4.5. 1.8, and 1 .O%, respectively. of the total radioactivity of II. The 

presence of small proportions of IdoA2S-anT and IdoA--anT6S in II isolated from 

this DS preparation cannot be excluded on the basis of the above negative data. 

The sequence N-deacetylation, nitrous acid deamination, and reduction with 

NaBT,. to produce radiolabelled disaccharides, is useful for the study of the distri- 

bution of sulfate and uranic acid in DS from different sources. 

Degrudution of rudiol~hrlled disaccharide fructions by homogentrte.s sf cul- 

tured humun-skin fihrobla.sts. ~- The optimum conditions selected for incubation 

were similar to those reported to be optimal for the degradation of more-conven- 
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TABLE III 

DEGRADATION OF IdoA-DISACCHARIDES WITH WHOLE-CELL HOMOGENATES PREPARED FROM CULTURED 

SKIN-FIBROBLASTS 

Substrate a-L-Iduronidase activity (pmollminlmg of protein) 

Normalfibroblasts MPS IHjbroblasts 

IdoA-anT 0.5 
IdoA-anM 1.5 

IdoA-anT4S 292 
IdoA-anM6S 116 

n.d.” 
n.d. 

n.d. 
n.d. 

“None detected. 

TABLE IV 

DEGRADA~ONOFIdoA~~-DISACCHARIDESWITHWHOLE-CELLHOMOGENATESPREPAREDFROMCULTURED 

SKIN-FIBROBLASTS 

Substrate Sulfoiduronate sulfatase activity (pmollminlmg ofprotein) 

Normalfibroblasts MPS Ilfibroblasts 

IdoA2S-anM6S 45 1.1 
IdoAZS-anT4S 42 1.7. 

TABLE V 

DEGRADATION OF GkA-DISACCHARIDES WITH WHOLE-CELL HOMOGENATES PREPARED FROM CULTURED 

SKIN-FIBROBLASTS 

Substrate P-D-Glucuronidase activity (pmollminlmg ofprotein) 

Normalfibroblasts MPS Vllfibroblasts 

GlcA-anT4S” 11.3 1.2 
GlcA-anT6S’ 10.8 1.6 
GlcA-anM6S 11.3 0.6 
GlcA-anT4SC 17.9 n.d.d 
GlcA-anT6SC 11.3 1.5 

‘Fraction IIB3a. ‘Fraction IIB2a. ‘Isolated from chondroitin sulfate. dNone detected. 

tional disaccharide substrates derived from heparin13-1”~1s, and will be reported in 

detail elsewhere. 

(a) a-L-Zduronidase. IdoA-anT (l), IdoA-anT4S (3), and IdoA-anM6S (de- 

rived from heparin) were all degraded by normal fibroblasts (Table III). IdoA-anT 

was degraded at a rate -14.5 and -365 times less than those for IdoA-anM6S and 

IdoA-anT4S, respectively. No significant activity toward these three substrates was 

observed with MPS IH fibroblasts (Table III). These findings suggest that the de- 

gradation of these substrates requires the specific action of cY-L-iduronidase and 
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that, as previously reported’“~” for IdoA-anM6S. the presence of a sulfate ester 

group on the adjacent residue to the iduronide residue under attack k also an im- 

portant determinant of enzyme activity. 

(6) Sulfoidurorwtc .~ulfhw. IdoA2S-anT4S (5) isolatctl from DS and 

IdoA2SanM6S from heparin were degraded to a similar extent by normal fibro- 

blasts, but not by homogenates from MPS II fibroblasts (Table IV). 

(c) p-u-C;lttcuroniri~~.s~J. Disaccharides Glc-anT4S and GlcA-anT6S (IIB3a 

and IIB2a. respectively) isolated from DS, the equivalent structures isolated from 

chondroitin sulfate, and GicA--anMhS were degraded at similar ratea by normal 

fibroblasts. Only -10% of the normal enzyme activity towards each of these sub- 

strates was observed in incubations containing homogenates of MPS VII fibroblasts 

(Table V). 

EXPERIMENTAL 

High-voltage electrophoresis was performed on Whatman 3kf;1ht paper in 

1.74M formic acid (pH 1.7) at 45 V/cm for 1 h. or in O.i15%t sodium acetate (pH 3.1) 

at 4.5 V/cm for 50 min, using a Shandon Southern Mode! L-24 System cooled with 

water maintained at IO”. Descending p.c. was performed on Whatman ~&TM paper 

’ with I. ethyl acetate--acetic acid--water (3: 1: I ); _. 1 -butane-- acetic acid--7.&t am- 

monia (I?:?: 1); 3. I-butanoi-acetic acid-7.4M ammonia (6~2: 1): and 4, isobutyric 

acid-&I ammonia (15:9). For preparative p.c.. the paper was pre-washed with the 

irrigation solvent. 

Refercncc (radioiabeiied) unsuifated. monosulfated. and disulfated disac- 

charides were prepared from heparin and identified as C)-(n-l.-idopyranc)sy!l~r~~nic 

acid)-(1+4)-25anhydro-I>-[ I-“Hlmannitoi ([doA_anM). 0(ir-L -idopyra- 

nosyiuronic acid)-(1-4)-2.5-anhydro-r,-[1-3H]mannitol h-sulfate {Ido.&anMhS). 

O-(cu-L-idopyranosyluronic acid 2-sulfate)-( 1~4)-?,s-anhydro-u-j I-‘H]mannito! h- 

sulfate (IdoA2S-anMhS), and (~-(B-I)-glucopyranosylllronic acid)-{ I-~+-+25 

anhydro-u-[ I -“H]mannitol h-sulfate (GicA-anM6S), respectively. as pi-c\.iouslv de- 

scribed”. 

Gel chromatography was conducted on columns of Sephadex G-10 or (i-25 

equilibrated with aqueous 10% ethanol or 0.2&4 NaCl in 0.05~ sodium acetate buf- 

fer (pH 5.3). Fractions were desalted by eiution from a column (1 x 100 cm) of 

Sephadex G-IO with aqueous IO% ethanol. 

L’ronic acid. protein. and radioactivity were assayed by methods previously 

described”,‘3. The relative amounts of 4- and h-sulfate esters in I>S and chon- 

droitin sulfate A were determined by the method of Robinson and Dortman“. 

Pig-skin chondroitin sulfate B (dermatan sulfate) and whole-cartilage chon- 

droitin sulfate A (catalogue number C4134), shown” to contain -30’~ <If chon- 

droitin 6-sulfate by chondroitinase ABC digestion. were obtained from Sigma. The 

anion-exchange resin used was Bio-Rad AG I-X4 ( 100-X(1 mesh, chloride form). 

cr-L-Iduronidase. purified from human iivcr. was a gift from Dr. Prxtcr (‘lcmcnts of 

this Department. Anhydrous hydrazinc was preparct! as previously described”‘. 
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Fibroblasts [cu-L-iduronidase-deficient, Mucopolysaccharidosis Type IH 

(MPS IH); sulfoiduronate sulfatase-deficient, Mucopolysaccharidosis Type II 

(MPS II); and normal controls] were established from biopsies available to this 

hospital, and enzyme deficiencies were established by methods previously de- 

scribed*‘. fl-D-Glucuronidase-deficient fibroblasts (GM-31Zmucopolysac- 

charidosis Type VII) were obtained from the Human Genetic Cell Repository (In- 

stitute for Medical Research, Camden, N.J., U.S.A.). All lines were maintained 

and used for the preparation of cell homogenates 6-10 days after sub-culture as 

previously describeds,‘“. 

N-Deacetylation of DS. - A mixture of DS (19 mg), anhydrous hydrazine (2 

mL), and hydrazinium sulfate (150 mg) was kept in a capped glass-tube at 98”. 

After the times indicated in the text, the mixture was concentrated to 50 pL, water 

(2 mL) and glacial acetic acid were added to adjust the pH to <7, and the solution 

was dialysed against 0.15~ NaCl for 4-S h, followed by water for a further 4-5 h, 

and finally freeze-dried. 

Deamination*” of N-deacetylated DS. - A solution of N-deacetylated DS (8 

mg) in water (500 PL), 33% acetic acid (750 pL), and 0.73M sodium nitrite (750 

pL) was left at room temperature for 2 h. Ammonium sulfamate (50 mg) was then 

added to destroy the remaining nitrous acid, and the mixture was concentrated at 

<40” to dryness, adding 2 mL of 0.2M NaCl in 0.05~ sodium acetate buffer (pH 

5.2). The products were fractionated by chromatography on a column (200 X 1.6 

cm) of Sephadex G-25, and uranic acid-positive fractions (Fig. 1 A), which were 

eluted in the tetrasaccharide and disaccharide positions, were combined (I and II, 

respectively), desalted by elution from a column (100 X 1.6 cm) of Sephadex G-10 

with aqueous 10% ethanol, and freeze-dried. Each residue was reduced with 

NaBT4 (1.6 mg, 1.6 Ci/mmol) in 0.1~ sodium borate buffer (1 mL, pH 

8.1) for 4 h at 25”. NaBH4 (5 mg) was then added and, after 4 h at 25”, each mixture 

was acidified with acetic acid [CAUTION, tritium gas] and desalted as described 

above. The reduced, radiolabelled disaccharides were further fractionated by ion- 

exchange chromatography on a column (5 x 1.6 cm) of Bio-Rad AG l-X4 and p.c., 

as described in the text. 

Preparation of GlcA-anT4S and GlcA-anT6S. - A mixture of chondroitin 

sulfate A (34 mg), anhydrous hydrazine (2.8 mL), and hydrazine sulfate (155 mg) 

was kept in a capped glass-tube at 98” for 4 h and then concentrated, dialysed, and 

degraded by deamination with nitrous acid. The uranic acid-positive disaccharide 

components, isolated on a column of Sephadex G-25, were reduced with NaBT, as 

described above for DS. The monosulfated disaccharide components were purified 

by ion-exchange chromatography and preparative p.c. (solvent 2), to yield two 

radiolabelled components with relative mobilities (IdoA-anM6S, 1.0) 0.67 and 

1.14 (major) (Table I). The major component was assumed to be @(p-D-gluco- 

pyranosyluronic acid)-(l-3)-2,5-anhydro-D-[1-“Hltalitol 4-sulfate (GlcA-anT4S) 

and the other component was assumed to be O-@-D-ghrcopyranosyhrronic acid)- 

(l-+3)-2,5-anhydro-D-[1-“Hltalitol 6-sulfate (GlcA-anT6S), both of which co- 
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migrated with standard IdoA--anM6S during electrophoresis at pH 1.7. Incubation 

of these preparations of GlcA-anT4S and GlcA-anI’6S at pH 4.0 aith normal 

fibroblast each produced a radiolabelled component that co-migrated with anM6S 

during electrophoresis at pH 1.7 but had different mc)bilities in p.c. with solvent .? 

(Table II). These products were not detected when GlcA-anT6S and GlcA-anT4S 

were incubated with homogenates of ,3-t)-glucuronidase-deficient fibroblasts. This 

finding corroborates the chemical data used to assign structures. 

Preparation of skirl~brohlust.sSor en,-prnr assuy. -- Skin fibroblasts. cultured 

in Falcon flasks (25 cm) to obtain 5 x 10’ cells at confluency. were harvested by the 

trypsin-EDTA procedure 1 day after confluency and washed with 0.15ht NaCl (3 x 

10 mL) under conditions previously described ‘,” Fibrobiasts were suspended in . 

aqueous 0.1% Triton X-100 (0.5 mL). and disrupted by freezing t~siolid CO,- 

ethanol) and thawing six times. Homogenates were dialysed for 17 h against 0.15.~ 

NaCl for assays measuring sulfoiduronate sulfa&se. 

Dcgrudatiorz of radiolahelled disacchurides by cultured skin-fihroblust 

homogenates. - Based on radioactivity measurement and specific radioactivity re- 

lated to uranic acid, each of the disaccharide fractions isolated from DS. chon- 

droitin sulfate, and heparin were diluted to 84 or 246,uhZ with aqueous 10?- 

ethanol. 

For direct comparison of substrates, assays for ci-t--iduronidasc and P-D- 

glucuronidase were performed by incubating b-7 pg of libroblast-homopcnate pro- 

tein at 37” in 0.05M sodium acetate buffer (pH 4) for P-D-glucuronid~lse. or 1).()5,Li 

sodium formate buffer (pH 3.6) for a-t,-iduronidase. IdoA-disaccharides. assayed 

at a concentration of X4 pmol per incubation. were incubated for I5 min (IdoA- 

anT4S). 30 min (IdoA-anMhS), or 4 h (IdoA--anT and IdoA-anM). (;lcA-disac- 

charides, assayed at a concentration of 246 pmol per incubation, wcrc incubated 

for 2 h or 4 h (GlcA-anM). 

Sulfoiduronate sulfatase activity was determined after a 16-h incubation 

(37”). using 7t%lOO pmol of substrate in 0.05hn sodium acetate buffer (pH 4.0) with 

dialysed fibroblast-homogenate (12-14 ~8). The total volume of each incubation 

mixture was 12 PL. After incubation with sulfated substrates, the whole reaction 

mixture was subjected to electrophoresis at pH 1.7 or p.c. (solvent .g). Incubations 

containing unsulfated substrate were subjected to electrophoresis at pH 5.0. 
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