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Summary 

Intracerebral injection of 35S04 = into rats produced a 35S-labeled 
l ipid which was characterized by mild alkaline deacylation, acid hydrolysis, 
dioxane solvolysis, periodate oxidation, chromatography and infrared spectro- 
photometry to be 3'-sulfogalactosyl diacylglycerol. A detergent-solubilized 
enzyme from brain microsomes catalyzed the synthesis of this l ipid from (35S)- 
3'-phosphoadenosine-5'-phosphosulfate and monogalactosyl diacylglycerol. 

The relatively recent finding of significant amounts of a sulfogalactosyl 

monoalkylmonoacylglycerol (but not the diacylglycerol derivative) in testis 

and spermatozoa (1,2) suggested that the galactosyl diacylglycerol of myelin 

(3,4) might also exist in a sulfated form. Our in i t ia l  investigations on the 

isolation and biosynthesis of sulfogalactosyl diacylglycerol of brain are re- 

ported here. 

EXPERIMENTAL PROCEDURE AND RESULTS: Each of 25 rats (22 days old) received an 

intracerebral injection of 125 ~Ci (35S) Na2SO 4 (364 mCi/mmole). After 18 

hours the brains were excised and homogenized in 2 ml H20 per gm wet weight. 

The homogenate was then extracted with 19 volumes of chloroform: methanol (2:1 

v/v)(5). The chloroform phase was washed (5), dried, and then chromatographed 

on a column (23 x 4 cm) of s i l i c ic  acid (150 gms)(6). The f i r s t  solvent, 1.5 

I. of chloroform, eluted no radioactive compounds; the second solvent, 2 I. of 

acetone, eluted 5 x lO 6 CPM of 35S-compounds; and the third 500 ml of methanol 
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removed 390,000 CPM from the column. The acetone fraction contained 138.5 mg 

l ipid (dry weight), and was further purified on thin layers of s i l ic ic  acid 

(CHC13:CH30H:H20-65:25:4)(Fig. l-lane A). Of five lipids detected by the 

carbohydrate sensitive ~-naphthol-H2SO 4 stain, two l ipids (l and 2, lane A, 

fig. l) contained radioactivity as determined by counting in a scinti l lation 

spectrometer. In a typical experiment l ip id- l  had 87,000 CPM and lipid-2 

contained 17,000 CPM. 35S-lipid-l is probably cerebroside sulfate because 

i t  has the same Rf as cerebroside sulfatide standard, i t  stains positively 

with ~-naphthol (carbohydrate specific)(7) and benzidene (secondary amide 

specific)(8), and i t  is not degraded by mild alkaline hydrolysis (9)(lane B, 

f ig. I ) .  

Lipid-2 had an Rf unlike any of the standards and reacted positively to 

~-naphthol but negatively to benzidene stains. On mild alkaline hydrolysis 

(deacylating conditions)(9) lipid-2 could no longer be detected in signif i -  

cant amounts as a l ipid (compare lane A with lane B, f ig. l ) .  Approximately 

90% of i ts radioactivity was recoverable as a water-soluble compound. 

The water-soluble 35S-labeled deacylation product of lipid-2 traveled 

7 cm, and inorganic sulfate standard ran 35 cm on paper electrophoresis 

(pyridine: acetic acid: water- I:I0:89, pH 3.6; 50 volts per cm for 40 min). 

On treatment with 0.8 N HCL in methanol for 4 hrs in a sealed tube at lO0 °, 

water-soluble 35S-compound yielded (I00%) inorganic 35S-sulfate (35 cm on 

paper electrophoresis) and nonradioactive products one of which was identi- 

fied as galactose by gas chromatography (as described in lO) of trimethyl 

si lyl ether derivates (~-  and 8- galactose have retention times of l l .8 and 

13 min respectively). The complete release of inorganic sulfate indicates 

the l ipid does not contain a sulfonate group, which is very resistant to 

acid hydrolysis ( l l ) .  Removal of a sulfate from sulfated lipids also can be 

achieved by the relatively specific and mild technique of solvolysis with 

dioxane (12). Dioxane solvolysis of 35S-lipid-2 produced (in 63% yield) 

inorganic 35S-sulfate (identified by paper electrophoresis) and a nonradio- 

123 



Vol. 65, No. 1, ] 975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

i 

| | I 

a B C D E 

~R-SO 4 

Figure l :  Thin layer s i l i c i c  acid chromatogram developed with chloroform: 
methanol: water (65:25:4) and stained with ~-napthol-H2SO 4 to reveal car- 
bohydrate-containing l ip ids.  Lane A, a portion of a l ipid-mixture from an 
acetone fraction of a s i l i c i c  acid column; radioact iv i ty at l ip id-2 was 
1091DPM and at l i p i d - l  was 6398 DPM (rat io of 0.17). Lane B, a somewhat 
smaller amount of the l ip id  mixture seen in lane A was deacylated with a 
0.2 N NaOH in methanol (15 min. at 37 ° ) and the remaining l ip id-soluble 
compounds chromatographed; radioact iv i ty at l ip id-2 was 22 DPM and at l i p id  
- l  was 3488 DPM (rat io of 0.0063). Lane C, purif ied l ip id-2.  Lane D, 63% 
desulfated (as measured by release of 35S to water-soluble S04) of purif ied 
l ip id-2 by dioxane solvolysis to MGD. Lane E, standard cerebroside sulfate 
(Cer-S04), cerebroside (Cer), and monogalactosyl diacylglycerol (MGD) al l  
purchased from commercial sources. 

active l ip id  that chromatographed with standard monogalactosyl diacylglycerol 

on thin layers of s i l i c i c  acid (compare lane C and lane D of f ig.  l ) .  

The relat ive resistance of the sulfate moiety to mild alkaline hydrolysis 

124 



Vol. 65, No. 1,1975 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

suggests that i t  is not bonded to the primary alcohol function of the sixth 

carbon of galactose (13). A more definit ive approach to locating the position 

of the sulfate in the l ip id was attempted through periodate oxidation. Approxi- 

mately l to 2 mg of standard bovine cerebroside, standard bovine cerebroside 

sulfate, and smaller amounts of (35S)-lipid-2 were each dissolved in 0.5 ml 

chloroform: methanol ( l : l  v/v) and 0.075 ml aqueous NaIO 4 (0.33 gm/2 ml). 

Control tubes containing 0.075 ml water in place of NaIO 4 were also run. After 

45 hrs in the dark at room temperature the reaction was stopped by the addition 

of one drop of ethylene glycol. Addition of l ml chloroform and 2 ml of water 

resulted in a two phase system. An aliquot of the water phase was found to 

contain no radioactivity above the control indicating no conversion of l ipid-2 

from an organic-soluble to an aqueous-soluble compound. Chromatography of 

aliquots of the chloroform phase in the thin layer system used in f ig. l showed 

that compared to controls the NaIO4-treated cerebroside sulfate and 35S-lipid- 

2 did not change mobilities (Rf remained at 0.39 for cerebroside sulfate and 

0.49 for l ip id-2);  however, NaIO4-treated cerebroside traveled considerably 

faster (into a region where less polar compounds run) than the control (Rf 

changed from 0.65 to 0.91). The sulfate of cerebroside sulfate is bonded to 

the secondary alcohol at the third carbon of the galactose moiety (13) making 

cerebroside sulfate very resistant to periodate oxidation because i t  lacks 

adjacent vicinal hydroxyl groups. Cerebroside has no blocking group and on 

complete oxidation with periodate the alcohol function at position 3 should be 

oxidized to water soluble formic acid. Thus compared to untreated cerebroside 

periodate-treated cerebroside should be a less polar l ip id.  The fact that 

35S-lipid-2 did not change mobility on exposure to periodate indicates a re- 

sistance to periodate (possibly because of the sulfate group at the 3 position) 

or that the chromatography system could not separate oxidized and unoxidized 

l ipid-2. In order to confirm that the galactose moiety of 35S-lipid-2 had not 

been attacked by periodate, equal amounts of (35S)-lipid-2 from NaIO4-treated 

and control tubes were deacylated under mild alkaline conditions (9). The 
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water-soluble 35S-deacylated compounds were then reacted with 0.8 N HCI in 

methanol at I00 ° for 4 hrs in sealed tubes. After removing solvent and drying, 

t r imethyls i ly l  ether derivatives were prepared and chromatographed in the gas 

l iquid system (I0). From the periodate-treated material 75 nmoles of galactose 

and 32 nmoles of monogalactosyl glycerol (retention time 24.5 min) or a total 

of 107 nmoles of galactose equivalents were reCovered. From the control tube 

99 nmoles of galactose and 21 nmoles of monogalactosyl glycerol or a total of 

120 nmoles of galactose equivalents were recovered. The almost complete re- 

covery of undegraded galactose shows that periodate did not attack 35S-lipid 

2. The sulfate is therefore ester i f ied to the alcohol group at the third 

carbon of galactose. The finding of monogalactosyl glycerol (variable amounts 

were produced in each acid hydrolysis) as a partial degradation product of 

l i p id '2  supports the data obtained with dioxane solvolysis in showing that 

monogalactosyl diacylglycerol is the l ip id  to which the sulfate is bonded. 

Although the change in mobil i ty of bovine cerebroside from Rf 0.65 to 

0.91 demonstrates that the conditions of periodate oxidation were capable of 

oxidizing a glycol ipid with vicinal hydroxyl groups, the periodate system was 

further checked with (14C-ul) monoglucosyl diacylglycerol from Streptococcus 

faecalis (faecium) (14) and phosphatidyl (14C-ul-)-monoglucosyl diacylglycerol 

from Pseudomonas diminuta I ,  Since each carbon of the glucose moiety is equally 

labeled, periodate oxidation of each l ip id  should reduce the l ipid-soluble 

counts by I/6 since carbon-3 is released as water-soluble formic acid. Starting 

with equal amounts of (14C-ul)-monoglucosyl diacylglycerol, 14,017 CPM were 

recovered in chloroform phase of the control and 10,811CPM were found in the 

chloroform phase of the periodate-treated sample (or s l igh t ly  more than I /6 of 

the total radioact iv i ty  is lost) .  When the system was tested with phosphatidyl 

(14C-ul)-monoglucosyl diacylglycerol (a l ip id  also capable of releasing formic 

IThe 14C-lipid from P. diminuta was prepared by J.M. Shaw using broken cell 
preparations (15) and has the same structure as the l ip id  isolated by Wilkinson 
(16) from this organism. 
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acid since the phosphatidyl group is bonded to the 6 position of the glucose) 

(16), 6874 CPM were recovered as lipid-soluble radioactivity from the control 

and 5794 CPM were recovered as lipid-soluble radioactivity from the periodate 

treated (again representing a loss of I/6 of the CPM). 

The infrared absorption spectrum of purified lipid-2 taken on a Perkin 

Elmer model 457 grating spectrophotometer was the same as that published by 

Ishizuka et al (3) for sulfogalactosyl monoacylmonoalkylglycerol of testis 

except that the relative ester absorption (1720 cm -l)  of lipid-2 is twice as 

strong as that produced by the testis l ipid. 

A 35S-lipid having the same chromatographic properties of lipid-2 could 

be produced in vitro from 3'-phosphoadenosine-5'-phosphosulfate-(35S)(35S - 

PAPS) and monogalactosyl diacylglycerol in the presence of a I% triton-X-lO0 

soluble extract of microsomes from brain of 21 day old rats. The incubation 

system contained 75 ~gm plant monogalactosyl diacylglycerol, l ~mole ethylene- 

diamine tetraacetic acid, 5 ~moles imidazole buffer, pH 7.0, 77 ~gm of enzyme 

protein, 1.7% triton-X-lO0, and 150,000 CPM (123,348 CPM/nmole) 35S-PAPS in a 

final volume of 0.175 ml. The reaction (carried out at 37 ° for l hr) was 

dependent on presence of exogenous monogalactosyl diacylglycerol (MGD)(630 

CPM per mg protein without MGD and 5799 CPM per mg protein with MGD), and on 

enzyme (no 35S-lipid without enzyme). The 35S-product had the same migration 

relative to cerebroside sulfate as 35S-lipid-2 generated in vivo on the s i l i c ic  

acid thin layer system used in fig. I. I t  yielded on mild alkaline deacylation 

(9) a water-soluble 35S-product that had the same mobility on paper electro- 

phoresis as the deacylated 35S-lipid-2. The in vitro synthesized l ipid also 

released inorganic 35S04 (identified by electrophoresis) on acid hydrolysis of 

i ts deacylated water-soluble 35S-derivative. 

We conclude from these in i t ia l  studies that 3'-sulfomonogalactosyl diacyl- 

glycerol is a constituent of rat brain and that i t  is enzymatically formed from 

monogalactosyl diacylglycerol and PAPS. 
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