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A mild method for acid-catalyzed desulfation of sulfoglycolipids in acetone is 
described. No ancillary degradation was observed. The method is suitable for 
glyceroglycolipids that might be deacylated under acid conditions. It is proposed 
that the formation of an acetone adduct during the reaction anchimerically assists 
the removal of the sulfate group. 

INTRODUCTION 

Sulfoglycolipids are widely distributed in eukaryotic cells’. Their role in 
biological membranes is uncertain but they can account for a considerable portion 
of the cell-surface negative charge. During a study of the biosynthesis of one such 
sulfoglycolipid, 3-O-(P-D-galactopyranosyl-3-sulfate)-2-O-hexadecanoyl-l-U- 
hexadecyl-D-glycerol (acy1alkylsulfatogalactosylglycerol, SGG, l), a mild method 
of solvolysis was developed that gave 100% desulfation of GG (2) without detecta- 
ble deacylation. It is suggested that the reaction proceeds via the formation of two 
intermediate isopropylidene derivatives. Desulfation occurs from the first inter- 
mediate, and a reaction mechanism is proposed. 

RXPEKIMENTAL 

Maten’als. - Compound 1 was purified from bovine testes as previously de- 
scribed’. 35S-Labelled 1 was similarly isolated, from adult Sprague Dawley rat 
testes, 24 h after intraperitoneal injection of 74 MBq of H,35S0, (New England 
Nuclear, Boston, MA 02118; 1.59 MBq/pg). “C-Labelled 1 was isolated 24 h after 
intratesticular injection of 37 MBq of D-[U-i4C]galactose (New England Nuclear; 
263 MBq/nmol). Cerebroside sulfate (3) was obtained from Supelco, Inc. (Bel- 
lefonte , PA 16823). 
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.Sohoiysi~. - Samples of 1 were treated with acetone (reagent grade. kept 

over molecular sieves) ( l-2 mgiml,) containing I(lm~ hydrogen chloride (diluted 

from 0.1~ hydrogen chloride in methanol) at 37”. (II was subvquently found that 

methanol was not essential for the reaction.) Aliquots ot equal volume were 

periodically removed and. withrrut Curthr~ treatment. scparatcd hy t.1.c. in h.5:3:4 

(v/v) chlornform~methanot~water After 2 h. the mixture was cvaporatrd under ni- 

trogen. and tredtcd for a further 10 min with methanol containing 1Om~ hydrogen 

chloride at 37”. The mixture was analyzed by t.1.c.. and the carhohydratc-contain- 

ing hpids were detected by the <rrcinol spray. Radwlabeled species wrre detected 

by autor;ldioyraphy. scraped. recuspended in ACS liquid-scintillatioll solution 

(Amcrsham Corp., IL. htNt15). and counted in a liquid-scintillatlorl spectromrter 

The reaction intermediates wcrc isolated hy preparative 1.1.~. 

RESULTS 

Fig. I shows the 1.1 c. pattern of aliquotx taken from the reactmn mixture 

during the solvolysis oC “S-labeled 1 after being sprayed with orcinol (a) and by au- 

toradiography (b). After 1.5 11, virtually all 1 had been converted into 2 plus a fas- 

ter migrating. orcinol-posltivc component (B). which was not ‘%lahclsd. On 

treatment with methannlic hydrogen chloride. compound B was cnnvct-ted Into 2. 

Another compound (A) was alw formed during the reactton; it wds orcinot positive 

and contained a sulfate cstcr. It appeared early during the reaction (mauimum at 

4 min). and decreased larer (I,) 4 _ 70 min). The release of free sulfatr corrclatrb ten- 

poraliy with the appcarancc of 2 and B. ‘l‘he reaction was repeated with metaboli- 

cally labeled I using n-[“C]gatactosc under similar conchtions (1 ,umol in 800 ,uL 



DESULFATION OF SULFOGLYCOLIPIDS 

OH OH 

1 R = sol- 3R = so; 

ZR= H 4R = H 

of acidic acetone). Autoradiography showed both compounds A and B to be ‘%Z- 

labeled. The radioactive compounds were eluted and counted, and reactions (using 

[%I- and D-[‘4C]galactose-labeled 1) are represented graphically in Fig. 2. 

Compounds A and B were isolated from a similar reaction mixture at 10 and 

60 min, respectively. The compounds were stable in the absence of acid. The 

purified intermediates were further subjected to the conditions described in the 

legend to Fig. 3 and analyzed by t.1.c. On continued solvolysis in acidic acetone, A 
was converted to B (and then Z), and B was converted to 2 (Fig. 3, Lanes 5 and 8). 

The latter reaction is reversible since 2 was converted to B under these conditions 

(Fig. 3, Lane 9). In the absence of acetone, however, the reaction is irreversible, 
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Fig. 2. Radiolabeled bands from t.1.c. separataons of experiments wth “S- and “C-laheled 1 were 
scraped and counted. The concentration of each species was calculated from the original specific activity 
of 1: (u) 35S-laheled 1; (A-A) %labeled compound A (x IO); (D--I) “SOL- released; 
(0 0) “C-labeled 1; (A A) “C-labelcd compound E (x5); and (0 0) “C-labeled 
2. 
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and B was quantitatively converted into 2 (Fig. 3, Lane 7). When the solvolysis 
reaction was carried out with 1 in the presence of toluene instead of acetone, desul- 
fation was greatly reduced and significant deacylatinn of both 1 and 2 occurred. 

The desulfations of 1 and the corresponding sphingolipid, cerebroside sulfate 
(CS, 3) in acidic acetone were compared (see Fig. 4). Under these conditions, 3 
was also desulfated to give an intermediate compound that migrated faster than the 
de&fated product was formed (GC, 4). In this case, the fast-migrating band was 
rcsolvcd into a doublet as was the final product, galactosylcerebroside (4), a result 
probably due to the fatty acid composition. On treatment of the products of the 
reaction at 30 min with D-galactose oxidase, the faster-migrating intermediate was 
not modified, whereas the final product was oxidized. 

DISCUSSION 

The procedure of solvolysis in acidic acetone gave quantitative conversion of 
I into its biological precursor 2. It is a useful, mild method for the desulfation of 
glycolipids that are susceptible to mild acid degradation. Previous chemical 
methods for the desulfation of sulfoglycolipids include solvolysis in 1 ,4-dioxane3,4, 
dimethyl sulfoxide5, or mild acidic hydrolysis in methanol’. The reaction in 1,4-di- 
oxane is, however, highly dependent on the water content of the solution, and sul- 
fate removal is unpredictable, and dimethyl sulfoxide is tedious to remove. In the 
case of acid hydrolysis, some deacylation of glycoglycerolipids has been observed*. 
Enzymic removal of sulfate is the third alternativeh,‘. The present method is simple 
and reliable, and does not result in detectable deacylation. In order to study the 
mechanism of the reaction, the desulfation was performed at 37” so that the forma- 
tion of intermediates could be monitored. However, the reaction is complete 
within 10 min at 60” without secondary effect (not shown). 

The mechanism of the reaction appears to involve two separate inter- 
mediates, compounds A and B (Fig. 1). The reaction did not occur in the absence 
of acetone or in the absence uf acid. The signilicallt dcacylatiun observed when 
acetone is replaced with toluene suggests that the acid is sequestered in the pre- 
scnce of acetone, and the reactive species may be protonated acetone. On treat- 
ment with acidic acetone, A was converted into B (Fig. 3), which suggests that A 
may be a sulfated isopropylidene derivative of 1 and B a nonsulfated isopro- 
pylidene derivative of 2. The formation of 2 from B was reversible (Fig. 3, Lane 9) 
in the presence of acetone, and B was completely hydrolyzed to give 2 in acidic 
methanol (Fig. 3, Lane 7). In the reaction, A was formed slightly before the ap- 
pearance of 2 , B, and the release of free sulfate (Fig. l), which suggests that the 
isopropylidene derivative and not 1 is desulfated, to give the isopropylidene deriva- 
tive of 2, which is further hydrolyzed into 2. 

The results of kinetic calculations based on Eq. I, where [S] is the concentra- 
tion of free sulfate groups, [Xj the acetone concentration, and [YJ the water con- 
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centration, were compared to the data observed (Fig. 2). The rate equations fat 
Eq. I were Eqs. 2,3, 4, 5, and 6. 

k@‘l W’l k,P’l 
I-A - ~f3-2 

k -IF? [s] k-M 
(4 

WI z = k-,D’l[Al - k,Fl I= - k,Fllll 

(assuming k,[Xj P k_,[Yj, bee Fig. 3, Lane 5) 

W 
dt = ‘MJ 111 - (k, + k-1) P’WI 

(2) 

(3) 

4Y 
dt = kz MAI 

gdy = k, [yl[Bl - km 3 [x1[21 

(4 

ISI = [Bl + PI (6) 

From Eq. I, the velocity constant k,[A was obtained by plotting In [l] vs. 

time (see Fig. 5a both for 3sSO:- and D-[‘4C]galactose-labeled 1). The value (0.05 
pm01 mini’, obtained from the initial rates) was used to calculate the theoretical 
reaction curves for [A] and [S] for various values of k-,[Y] and k,[Y]. These curves 
were compared for best fit to the [s5S]sulfate data (Fig. 5b). The values of k_l[Yj 

and kz[Yj (0 and 0.36 pmol min-‘, rcspcctively) that gave the best agreement were 
used lo generate theoretical reaction curves for [B] and [2] for various values of 
k,[Yj and km3[J(1. These curves were compared for best fit to the data obtained for 
D-[“%]galactose-labeled 1 (Fig. 5~). The values of ks[Yj and kd3[Xj that best fitted 
the experimental data were 250 and 20 nmol min-r , respectively. Under these con- 
ditions, a reasonable fit for all four variables (A, S, B, and 2) was obtained. The 
slight diversion from theoretical values for B during the later stages (Fig. 5c) may 
result from increased hydrolysis of B owing to the release of sulfuric acid during the 
reaction. Therefore, we suggest that desulfation occurs as described in Scheme 1. 

1 + acetone + Hf 50nmolmin~’ A 

L * 
360 nmol min-’ R 

L > 

Ha0 250 nmol min-’ 

P \ 

Hz0 H2O SO:- 
20 nmol min--’ 

2 + acetone + El+ 

Scheme I. 



Compounds A and B are the isopropylidene derivatives of 1 and 2. resprc- 

tively. CPK models of 1 and the possible isopropylidene derivatives suggesl a 4’ ,6’- 

0-isopropylidene derivative for 1. Rearrangement of this derivative to the more 

thermodynamically 3tahle 3’,4’-0-isopropylidene derivative may anchimerically 

assist the removal of S0.q--3’ of the D-galactosyl residue. Alternatweiy, formation 

of the 4’,6’-0-isopropylidene derivative may facilitate acid hydrnlyxi\ of the sulfate 

ester directly. In an attempt LU differentiate between thcsc two p<xs~hlc pathways. 

C-6 of the D-galactosyl residue was oxidized selectively with D-gaiactosc widasc. If 

C-6 hydroxyl is blocked by an isopropylidcne group. the D-galactosyl residue is not 

cxprctcd to be a suhstl-ate for the enzyme. The o-galactost: uxidasc~a~xliulrl buro- 

tritide procedurcK was used to label the products of dcsulfation of 3 with xidic 

acetone (glyceroglycolipids are not substrates for o-galactose oxidase”). Whereas 

the final product (galactwyl ceramide, 4) was susceptible to D-galact<lse oxidasz- 

dependent labeling. the faster-migrating intermediate was not. indicating that the 

D-gak+CtwGyt reqtdue of the intermediate was no longer a substrate for II-galactosc 

oxidasc, and was most probably an ibopropylidene derivative. However. this does 

not conclusively identify the position of the O-isopropylidrne group hecausc a 

3’.4’-O-isopropylidene group may also inhibit the action of D-galactose oxidasc at 

C-6. The second intrrmediatc in the desulfation of 1 (compound H) waq also not an 

acceptor for the testicular sulfotran\ferase” that transfers a sulfate group to C-3’ of 

the D-galactosyl residue of 2. ITowever, again interpretation is limited because aub- 

stitution of the D-galactosyl rcsiduc at tither O-4’.6’ 01 -3’.J’ may prevent enzymic 
addition of B wlfatr group 

The present method for the removal of sulfate from sulfate-containing glyco- 

lipids is reliable, rapid, and quntitative. ‘l‘he mild rcactlon conditions are pariicu- 

larly suited to acid-labile glyccroglycolipids. Thus, it is possible to obtntn suitable 

substrates for the study of galactolipid sultotransferases irl vifrt~. 
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