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Summary Four glycoprotein:glycosyl transferases were identified, purified, 
and characterized from human platelets. The enzymes present were 

collagen:glc, collagen:gal, polypeptide:galNAc, and glycoprotein:gal; the 
fetuin:glcNAc transferase was absent. Each of the 4 transferases was found 
to be almost exclusively bound to the platelet plasma membrane. Incubation 
of platelet homogenates without exogenous acceptors yielded no transfer of 
monosaccharide , indicating the complete lack of endogenous acceptors. These 
results lead to the interesting speculation that the transferases may not be 
responsible in the mature platelet for glycoprotein synthesis at all, but 
rather that they may function for intercellular adhesion and the primary step 
in hemostasis, the adhesion of collagen to platelets. 

Introduction Glycoprotein:glycosyl transferases have been isolated from a 

variety of tissues and cell types (1-12). Except for an 

abstract (13) little information has been published on glycoprotein:glycosyl 

transferases in human platelets. The present communication describes two 

secreted glycoprotein:glycosyl transferases, the collagen:glucosyl (coll:glc) 

and collagen:galactosyl (coll:gal) transferases , and two membrane glycoprotein: 

glycosyl transferases, the polypeptidyl:N-acetylgalactosaminyl (polyp:galNAc) 

and glycoprotein:galactosyl (glyc:gal) transferases in human platelets. The 

results presented herein are of importance since it has been suggested that 

glycoprotein:glycosyl transferases may function as bridge or receptor molecules 

for cell:cell adhesiveness and contact inhibition phenomena (14) and since it 

has been suggested that the collagen:glucosyl transferase of platelets may 

function in the primary step in hemostasis,the adhesion of collagen to plate- 

lets (13). Each of the human platelet glycosyl transferases was found to be 

located on the platelet plasma membrane. 
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Materials and Methods 

Platelet isolation. Platelets were isolated from the blood of healthy 

young male donors immediately after drawing by the method of Zucher and Lund- 

berg (15). One to two units of blood were used for each preparation. 

Platelet plasma membrane isolation. Platelet plasma membranes were 

isolated by the method of Barber and Jamieson (16). 

Purification of platelet ~lycosyl transferases. The platelets from 

1 liter of blood were homogenized with 5 volumes of 0.1% Triton X-100 for 

30 strokes in a Ten Broeck homogenizer. This crude homogenate served as the 

starting material for enzyme purification. The homogenate was centrifuged 

at 10,000 x g for 1 hour and the supernatant fluid and pellet were analyzed 

for activity. 10 ml of the supernatant fluid were applied to a Sephadex 

G-150 column which was packed in and eluted with 0.1% Triton X-100. A flow 

rate of 2 ml per minute was used. Fractions of the G-150 column were tested 

for activity. Also tested for activity were preparations of platelet plasma 

membranes extracted with 5 volumes of 0.1% Triton X-100. 

Radioactively labeled compounds. UDP-[14C]glc (sp. ac. 240 Ci/mole), 

UDP-[14C]gal (240 Ci/mole), GDP-[14C]man (241 Ci/mole), UDP-[14C]galNAc 

(40 Ci/mole), UDP-[‘14C]xyl (100 Ci/mole), UDP-[14C]ara (100 Ci/mole), and 

UDP-N-[14C]glcNAc (40 Ci/mole) were purchased from New England Nuclear Corp. 

Protein. Protein determinations were made by the procedure of Lowry 

et al. (17). 

Acceptor preparation. Fetuin (18, 19), porcine submaxillary mucin (PSM) 

(20, Zl), guinea pig skin collagen (22, 23), bovine submaxillary mucin (BSM) 

(9) and their degraded products were prepared as previously described (5-9, 

24). 

Enzyme assays. The complete system for each of the glycoprotein: 

glycosyl transferases is given below. In each instance endogenous activity 

was determined by replacing the acceptor in the system with an equal volume 

of 0.1% Triton X-100; this activity was subtracted from the total activity 

yielding exogenous activity in each instance. Transferred radioactivity and 

activity with small molecules was determined as given previously (5, 22, 23). 

Collagen:glucosyl transferase (22, 25, 26). The complete system for the 

collagen:glucosyl transferase, which was incubated for 60 min at 37'C, con- 

tained 50 ul of the enzyme extract (approx. 10 ug protein), 50 ~1 of the 

acceptor (guinea pig skin collagen minus glucose, approx. 800 ug protein), 

10 ul of 0.25 M MnC12, 10 ul of UDP-[14C]glucose (approx. 40,000 cpm; 

1.4 x 10-l" mole) and 10 ].rl of 0.1% Triton X-100, to a final volume of 0.130 ml. 

After 60 min incubation, the protein of the reaction mixture was precipitated 
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with 0.1% phosphotungstic acid in 0.5 N HCl, and the radioactivity was deter- 

mined as given elsewhere (22, 25, 26). 

Collagen:galactosyl transferase (23, 26, 27). The complete system for 

the collagen:galactosyl transferase contained 50 ~1 of the enzyme extract 

(approx. 10 ug protein, 20 ~1 of receptor preparation (guinea pig skin collagen 

minus glc, gal, approx. 900 1J.g protein), 10 ~1 of 0.1% Triton X-100, 10 ul of 

0.1 M MnC12, 10 ul of UDP-[14C]galactose (approx. 40,000 cpm; 1.4 x lo-"mole), 

and 10 ul of 0.1 M Tris buffer, pH 7.2 to a final volume of 110 1~1. Radioactiv- 

ity was determined as above. 

Fetuin:N-acetylglucosaminyl transferase (51. The complete system for the 

fetuin:glcNAc transferase contained in a final volume of 250 u1:UDP-[14C]glcNAc, 

0.98 nmole; MgC12, 0.25 umole;enzyme extract (10 pg as protein) and 1 mg of 

fetuin minus NANA, gal, glcNAc. Final pH was 7.5 and 0.01 M in Tris-HCl. Radio- 

activity was determined as above. 

Polypeptide:N-acetylgalactosaminyl transferase (9). The complete system 

(final volume 150 ul) contained UDP-[14C]galNAc, 1.1 nmole, 10 1~1 of BSM minus 

NANA, galNAc (0.8 mg), 20 ~1 of 0.25 M MnC12, 50 ~1 of 0.1 M Tris buffer, pH 7.2, 

10 pl of 0.1% Triton X-100 and 50 ~1 of enzyme extract (10 ug protein). 

Glycoprotein:galactosyl transferase (9). The complete incubation mixture 

(final volume 155 ul)contained UDP-[14C]gal, 1.0 nmole, 20 ~1 of 0.25 M MnC12, 

15 ~1 of fetuin minus NANA, gal (0.9 mg protein), 50 ul of enzyme extract 

(10 ug protein), 50 ul of 0.1 M Tris buffer, pH 7.0, and 10 ~1 of 0.1% Triton X- 

100. Radioactivity was determined as given above. 

Results 

Endogenous transferase activity. Initially 50 ~1 of the crude 0.1% 

Triton X-100 homogenate of human platelets in 0.1 M Tris, pH 7.0, was incu- 

bated with 10 ul of 0.1 M MnCl2 and 0.1 $i of UDP-[14C]glc, UDP-[14C]gal, 

GDP-[14C]man, UDP-[14C]glcNAc, UDP[14C]galNAc, UDP-[14C]xyl or UDP-[14C]ara 

for 1 hour at 37'. There was absolutely no transfer of monosaccharide onto 

TCA, ether ethanol insoluble material material under these conditions. 

Purification and characteristics of human platelet glycosyl transferases. 

The data in Tables I and II indicate that when exogenous acceptor was added 

to the platelet homogenate transfer of monosaccharide onto the acceptor 

occurred. Activity for the collagen:glc, collagen:gal, polypeptide:galNAc, 

and glycoprotein:gal transferases was found in human platelets; there was no 

fetuin:glcNAc activity. This result clearly demonstrates that the endogenous 

acceptors and not the transferases are limiting in the endogenous assay. 

Purification of 8 to 17 fold with 54 to 80% recovery (Table I) was found for 
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Table I. Purification of Human Platelet Glycosyl Transferases. Details of 
purification scheme are given in Materials and Methods. Starting material was 
human platelets from 1 liter of blood. Complete systems are given in Materials 
and Methods. 

Crude homogenate 

Endogenous activity 
(cpmfmg protein) 

Total activity 
(cpm x 10m4) 

Total protein (mg) 

10,000 x g supernatant 

Total activity 
(cpm x 10W4) 

Total protein (mg) 

Sephadex G-150 

Total activity 
(cpm x 10m4) 

Total protein (mg) 
Purification factor 
Recovery (%) 

-- 

Platelet plasma membrane 

Total activity 
(cpm x 10B4) 

Total protein (mg) 
Purification factor 
Recovery (X) 

Collagen: 
Glc 

0 0 

339 1196 
170 170 

306 961 
64 64 

271 841 
9 8 

15 14 
80 70 

308 1051 
1.7 1.7 

110 112 
90 89 

Zollagen: 
Gal 

Fetuin: 
GlcNAc 

0 

0 
170 

-- 
-- 

-- 
-- 
-- 
-- 

0 
1.7 

-- 
-- 

'olypeptide: 
GalNAc 

( Xycoprotein: 
Gal 

0 

92 
170 

0 

541 
170 

82 407 
64 64 

79 316 
9 14 

17 8 
85 54 

84 
1.7 

109 
91 

519 
1.7 

104 
94 

Table II. Characteristics of Human Platelet Glycosyl Transferases. Data 
are cpm per mg protein x 10B3. Experiments were performed with the purified 
Sephadex G-150 fractions as given in Materials and Methods. All data are 
for complete systems as given in Materials and Methods. 

System Collagen: Collagen: I ?olypeptide: 
Glc Gal GalNAc 

Glycoprotein: 
Gal 

Complete 301 1051 a7 225 
0 time 4 21 11 20 
O0 6 27 3 38 
Minus enzyme 2 1 4 2 
Minus acceptor 0 0 0 0 
Minus iona 14 18 7 18 
Minus enzyme plus 

boiled enzyme 4 2 1 8 
Minus labeled precursor 0 0 0 0 
Radioactivity recovered as: glc 99% gal 94% galNAc 9 gal 100% 
pH optimum 5.8 8.0 7.2 7.0 

%I* inus ion refers to assays performed without the divalent cation indi- 
cated for the particular complete system in Materials and Methods. 

: 
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the transferases using the procedure outlined in Materials and Methods. How- 

ever, as shown in Table I, a much greater purification of the transferases 

occurred (104-112 fold), simply by preparing platelet plasma membranes. The 

data indicate thatglycosyl transferases are rather exclusively in the platelet 

Table III. Effects of Cations on Human Platelet Glycoprotein Transferases. 
Data are cpm per mg protein x 10m3. All ions were present at 1 mM as the 
chloride and EDTA was present at 0.5 mM. 

System Collagen: Collagen: 
Glc Gal 

Complete 301 
Minus ion 14 
Minus ion plus EDTA 2 
Minus ion plus EDTA plus: 

Mn2+ 300 

i02+ 135 
Hg2+ 9 
Ba2+ 108 
Pb2+ 21 
Cd2+ 14 

I 116 116 
32 32 

1051 
18 

0 

1060 
106 

91 
1116 

0 
0 
0 

322 

Polypeptide: :lycoprotein: 
GalNAc Gal 

87 225 
7 18 
4 0 

90 228 
21 19 

8 26 
24 72 

0 4 
2 8 
8 17 
8 19 

Table IY. Specificity of Human Platelet Glycosyl Transferases. All experi- 
ments were performed with the complete system as given in Materials and Methods 
except that 1 mg of the indicated acceptor was present instead of the signified 
acceptor. Data are cpm x 10m3 per mg enzyme protein. 

Acceptor 

Guinea pig skin 
collagen 

Guinea pig skin 
collagen minus 

dc 
glc, gal 

Fetuin 
Fetuin minus 

NANA 
NANA, gal 
NANA, gal, glcNAc 

BSM 
BSM minus 

NANA 
NANA, galNAc 

PSM 
PSM minus 

NANA 
NANA, fuc 
NANA, fuc, gal 

Terminal 
Mono- 

saccharide 

.e 0 0 0 0 

gal 360 21 0 1 
none 7 1160 0 14 
NANA 0 0 0 4 

gal 0 6 0 2 
galNAc 1 11 0 225 
man 1 3 0 5 
NANA 0 4 0 3 

galNAc 
none 
NANA 

fuc 
gal 
NGN 

Collagen: Collagen: Polypeptide: 
Glc Gal GalNAc 

2 
106 

0 

0 
0 
0 

- 
Glyco 

protein: 
Gal 

17 
0 
0 

1 
2 

19 
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plasma membrane and are tightly bound to this membrane. The data in Table II 

indicate the enzymes were dependent on incubation time and temperature, non- 

heat denatured enzyme and that radioactivity for each transferase was recovered 

as the monosaccharide of the UDP-[14C]monosaccharide precursor. pH optimums of 

the enzymes ranged from 5.8 to 7.2. The reactions were linear from 0 to 100 pg 

(as protein) of enzyme and from 0 to 1.5 mg (as protein) of acceptor. 

Cation effects. Each of the four platelet glycosyl transferases was 

dependent on a divalent cation for activity, as shown in Table III. Each of 

the enzymes had greatest activity with Mn* except for the collagen:galactosyl 

transferase which surprisingly had greater activity with Co". 

Acceptor specificity. The data in Table IV indicate that the platelet 

glycosyl transferases are highly specific for the designated macromolecular 

acceptor of the reaction. In addition none of the following small molecules 

functioned as acceptors: glc, gal, man, fuc, glcN, galN, glcNAc, galNAc, NANA, 

ara, xyl. 

Discussion 

This communication describes four human platelet glycoprotein:glycosyl 

transferases. In their characteristics these enzymes are rather similar to 

glycoprotein:glycosyl transferases from other sources with one major important 

exception: no endogenous acceptors at all exist. Platelets synthesize pro- 

teins (28, 29) and contain glycoproteins (30, 31) and so the enzymes may be 

responsible for the synthesis of glycoproteins for the platelet biogenesis. 

This synthesis may be important only in immature platelets and hence endogenous 

acceptors might not be expected in mature platelets. 

However, platelets do not synthesize collagen and synthesis of protein 

occurs only in young platelets (28, 29). Thus the presence, in particular, of 

the two very specific collagen:glycosyl transferases is unexplainable. A very 

intriguing supposition is that the collagen:glycosyl transferases do not func- 

tion at all as enzymes but rather function as mediators of platelet:collagen 

adhesion. Similarly a function for the other glycoprotein:glycosyl trans- 

ferases would be platelet:platelet adhesion. Such suppositions would be in 

line with the hypothesis of Roseman (14) that glycosyl transferases mediate 

intercellular adhesion. Thus,pieces of evidence presented herein support the 

suppositions that (1) the platelets contain glycoprotein:glycosyl transferases, 

(2) the platelets contain absolutely no endogenous acceptors, and (3) the 

transferases are located in the plasma membrane (external surface?) and not in 

intracellular membranes. 
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