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Several types of glycosylations using UDP-hexose as hexose donor 

are known to be catalyzed by enzymes from plants. In these reactions 

hexose acceptors were found to be fructose (leloir and Cardini, 1953), 

anthranilic acid (Jacobelli et al., 1958), phenols (Yamaka and Cardini, 

1960), starch (Leloir et al., 1961) and quercetin (Barber, 1962). In 

1963 Benson suggested UDP-gal could be the hexose donor also in the 

biosynthesis of leaf galactolipids (Butt and Beevers, 1966). 

The incorporation of hexose from UDP-hexose into lipids of leaves 

and chloroplrsts h.as been studied in different laboratories. Neufeld 

(1963) and Neufeld and Hall (19614) found that isolated chloroplasts 

from spinach could catalyze the transfer of hexose from UDP-glucose-C lb 

I! or UDP-galactose-C ,4 to an "endopenous acceotor". 0 * The products were 

similar to, but not chromatographically identical with, the natural 
v-.-.-- 
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galactolipids. It is significant to note that the labeled products 

found by Neufeld and Hall were alxaline-labile. 

Newman (1966) made the interesting observation that UDP-glucose 

apparently enhances the incorporation of acetate-2-C'h into linolenate 

of lettuce leaf tissue and plastids. To determine the nature of the 

enhancement due to UDP-glucose w, 0 incubated lettuce leaf discs with 

UDP-glucose-& and found that mono- and digalactolipids were labeled 

very slowly, in contrast to what was expected, and that two different 

substances having different polarities then those of mono- and 

digalactolipids were very actively labeled (Newman, 1967). The two 

labeled are identified as steryl glycoside (SG) and esterified steryl 

glycoside (EsG). 

Steryl glycosides were detected in plants very early (Euler end 

Nordenson, 1908; Power and Salxay, 1913). Others have found them in 

many species and their different organs (Karrer, 1958; Carter et al*, 

1961; Nichols, 1963; Thirkell and Tristrom, 1963). Esterified steryl 

glycoside has been found by Lepage (196ka). Both, SG and XSG, seem to be 

widely distributed among plants and within plant cells. However, 

chloroplasts seem to contain only a minor amount of the sterfl glycosides 

present in the cell (Eichenberger and Menke, 1966). 

Methods 

Plant Material and I&& .Zxtraction - -- 

Leaf discs of lettuce plants (Lactuca sativa L., Hurpee's Ruby Red) -- 

gram? in a plant-growth ch,amber were used. One hundred discs (7 mm in 

diameter) were incubated for 24 hours, under illumination and in a petri 

dish which was sterilized, with 5 ml of a buffer solution (0.2 M 

phosphate, pH 7.4; 0.03 M NaHCO3; 0.03 M Na-acetate). The medium also 

contained 2.5 PC of uridine diphosphate glucose-C 14 (glucos e U.L.; 

specific activity, 100 mc per mtnole) which was obtained from New Y&gland 
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Nuclear. The lipids were extracted by boiling the tissues in a mixture 

of chloroform-methanol (2 :I, v/v); they then were transferred to diethyl 

ether. The ether-soluble lipids were chromatographed on TLC plates 

(Silicagel G WerckUt) in two dimensions (chloroform-methanol-water, 

65:25:4, v/v; diisobutylketone-acetic acid-water, 80:50:10, v/v; Iepage, 

19&b). Radioautograms from these plates exhibited several spots, but 

most of the radioactivity was found to be localized in four spots 

(A to D, Fig. 1). 

Eig. 1. Radioautograms of chromatographed lipids from lettuce leaf 

discs incubated with UDP-galactose-C 14 -- thin layer of 

Silicagel G tVMerckfl. The chromatogrsm was developed with 

chloroform-methanol-water 65:25:4, v/v (x-direction) and with 

diisobutylketone-acetic acid-water 80:50:10, v/v (y-direction). 

Identification of Labeled Compounds -- 

Lipids A and B were identified as digalactosyl diglyceride (A) and 

monogalactosyl diglyceride (B) by their Rf-values, by their colors, and 

by their relative intensities on plates sprayed with 20% El04 at 1000 C. 

Lipids C and D showed a behavior different from that of lipids A and B. 
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After spraying with 20% HC104 or with acetic anhydride-concentrated 

H2SOq- absolute ethanol (l:l:lO, v/v) -- a modified Liebermann-Burchardt 

reagent prepared by cooling in ice water -- reddish spots appeared, 

Alkaline hydrolyzation by refluxing 1 hour with 5% (w/v) XOH in 90% 

(v/v) methanol did not alter lipid C, but converted lipid D to lipid C 

(Fig. 2). 

Fig. 2. Radioautograms of unchanged and alkaline hydrolyzed lipids 

C and D which were chromatographed on Silicagel G Werckll. 

The thin layer chromatogram was developed with chloroform- 

methanol-water 65:2.5:4, v/v. l-lipid C; 2-lipid D; J-lipid 

C hydrolyzed; b-lipid D hydrolyzed. 

- 

Acid hydrolysis by refluxing 16 hours with 1 N H2SO4 yielded an 

ether-soluble, non-radioactive aglycone which was chromatographically 

identical to free sterols from lettuce leaves. These samples were 

chromatographed on Silicagel G and developed with benzene-ethyl acetate 

(4:1, v/v). The aqueous phase after acid hydrolysis, which was found 

to be radioactive, was chromatographed on Nhatman no. 1 paper in a 

descending direction. The spots were detected by spraying with a 
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mixture of I$ K&04- 2:X Na-periodate (1:2, v/v; Sastry and Kates, 1964). 

The radioactive spots detected by radioautography were found to co- 

chromatograph exactly with inactive glucose. 

To confirm the suggestion that lipids C and 3 were identical with 

SG and ESG, these lipids were isolated from lettuce leaves. The 

isolation has been carried out predominantly by methods described 

earlier (Lepage, 19&a; Eichenberger and Menke, 1966). Sixty grams of 

freeze-dried and finely powdered lettuce leaf material was extracted 

with anhydrous methanol and diethyl ether. The dry lipid residue was 

extracted exhaustively with dry ether. The ether-soluble lipids were 

chromatographed on a 2.5 x 25; cm silicic acid column (Nallinckrodt 100 

mesh) using three solvent systems: petroleum ether-diethyl ether 

(100:2 to 3:7, v/v), chloroform, and chloroform-methanol (1OO:l to 

lOO:.#, v/v). Three different sterol fractFons were eluted. The free 

sterols were precipitated with digitonin from the fraction eluted with 

petroleum ether-diet&v% ether (l:l, v/v). ??SG was isolated after 

further purification of the petroleum ether-diet&l ether (3:7, v/v) 

fraction on TLC plates -- Silicagel G developed with chloroform-methanol- 

water (6.5:25:4, V/V). SG was crystallized directly from the fractions 

eluted with chloroform-methanol (100:2 to 100:5, v/v) and was further 

purified by recrystallizations in pyridine-ether. 

Radioactive compounds C and D were co-chromatographed in two 

dimensions on a TLC plate and the spots detected subsequently by radio- 

autography and spray reagent. An exact coincidence of spots was found 

on both, plate and X-ray film. 

Ten milligrams of inactive SG were added to lipid C and crystallized 

5 times in pyridine-methanol. The specific radioactivity of fractions 

2-5, determined by a D 47 Gas Flow Detector (Nuclear Chicago), was found 

to be constant (Table 1). 
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Table 1. Specific radioactivity of fractions of steryl glycoside 

from lettuce leaves, recrystallized in pyriddne-methanol. 

Fraction Specific radioactivity (cpm per mg) 

2 332 ,+ 8 

3 358 ,+ 11 

4 339 + 8 

5 341 ;t 4 

The same lipid components were found to be labeled when leaf discs 

were incubated with UDP-galactose-C ‘4 (1 pc p er experiment and incubated 

with the label for 24 hours) as a precursor in place of UDP-glucose. For 

these experiments we also used leaves of spinach (Soinacia oleracea L., 

Eurpee Nobel), beau (Phaseolus vulgaris L., Durpee Stringless Greenpod), 

yellomood (Cladrastis lutea Koch) and Norway Maple (Acer platanoides L.). 

Spinsch and beans were gram in a plant-growth chmber, while the tree 

leaves came froln park trees. 

In order to locate the spots, the lipids were made visible with 

iodine vapors. The silicic acid was scraped off and finely suspended 

with Cab-O-%1 in a toluene-SEWI' (0.47, w/v) scintillator. The counting 

efficiency was about 43% 

Special attention was given to the question, whether leaves pro- 

vided with UDP-galactose would incorporate galactose into steryl 

glycosides. SG fron spinach leaf discs, incubated with UDP-galactose- 

Cl4 was hydrolyzed with 1 iiJ H2SO4 and neutralized with Ba(OH)2. The 

aqueous phase was chromatographed with inactive glucose and galactose 

on TLC plates (Cellulose Nit 300; n-butanol-pyridine-water 6:4:3, v/v, 

in two dimensions; van wylc, 1966). The spots were detected subsequently 

with X-ray film and aniline phthalate spray reagent. Radioactivity was 

detected exclusively in the glucose spot, but not in that of galactose. 
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Results and Discussion -- 

These data indicate that green plant tissue is able to incorporate 

hexose from UDP-hexose into the carbohydrate moiety of galactolipids. 

iiowever, a great part of the provided hexose is combined with sterols 

in formation of sterol glycosides (SG end ESG). The ratio of radio- 

activity incorporated into galactolipids to that into steryl 

glycosides is different in different species. Yellmood leaves label 

galactolipids most abundantly, while lettuce leaves incorporate radio- 

activity mostly into steryl glycosides (Table 2), 

Table 2. Ratio of C'k incorporated into steryl glycosides to that 

incorporated into galactolipids. UDP-galactose-C'4 was used 

as the precursor and the tissue was incubated fur 24 hours, 

Plant Ratio clb steryl glycosides 
galactolipids 

Yello3Jwood 0.23 

Bean 1.46 

Maple 1.44 

Spinach 2.27 

Lettuce 56.1” 

"'Incubated 8 hours with UDP-glucose. Comparison of radioautograms 

indicates that this value is approximately equal to that obtained for 

24 hours incubation with GDP-galactose. 

The fact that UDP-hexose is an effective hexose donor also in the 

biosynthesis of steryl glycosides is interesting because still very 

little is knou-n about the metabolism and biological fMction of plant 

sterols. Whether sterols act as specific acceptors in this reaction, 

is still under investigation. 
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Since the radioactive part of steryl glycosides from spinach leaves 

provided with UDP-ga1actose-C 14 was found to be glucose, it is suggested 

that incorporation of hexose into steryl glycosides may involve a 

conversion of hexose to glucose. This corresponds with an earlier 

observation that steryl glycosides contain predominantly glucose but 

no galactose (Eichenberger and Menke, 1966). 
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