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Summary 

Sialyltransferase (CMP-N-acetylneuraminate :D -galactosyl-glycoprotein N-ace- 
tylneuraminyltransferase, EC 2.4.99.1) has been studied using the two glyco- 
protein substrates asialofetuin and asialo-ovine submaxillary mucin (A-OSM) in 
fresh and frozen human adult and fetal livers. Enzymatic activity for both sub- 
strates is stimulated by Mg 2÷ (10--25 mM) and Triton X-100 (0.4--0.6%, v/v). 
Freeze-thaw, heat denaturation,  stability on storage, additive and substrate 
competit ion studies suggest the presence of at least two forms of human liver 
glycoprotein sialyltransferase. Subcellular fractionation studies indicate that 
the major parts of both sialyltransferase activities are associated with mem- 
braneous fractions but that  a greater percentage of A-OSM than asialofetuin ac- 
tivity is associated with these fractions. Subcellular fractionation studies using 
0.8% (v/v) Triton X-100 in the extracting buffer greatly diminishes the percen- 
tage of both asialofetuin and A-OSM sialyltranferase activity found in the mito- 
chondrial and microsomal pellets. Kinetic characterization of sialyltransferase 
in a liver homogenate,  resuspended 48 200 X g pellet and 48 200 X g superna- 
tant  suggested the possibility of  two asialofetuin sialyltransferases. The pli  op- 
t imum for homogenate and supernatant enzymes with respect to asialofetuin 
was 7.2 with a suggested second optimum at 8.5. The pellet enzyme had only 
one opt imum at pli  7.2. Michaelis constants with regard fo asialofetuin were 
0.08, 0.06 and 0.22 mM in homogenate,  resuspended pellet and supernatant,  
respectively. The homogenate had a Km of 5 pM for CMP-N-acetylneuraminic 
acid (CMP-NANA). Isoelectric focusing indicated that  at least eight isoelectric 
forms of sialyltransferase with pi values ranging from pli 5.0 to 8.6 are present 
in the homogenate;  several isoelectric forms were preferentially associated with 
the pellet or supernatant. All the data suggest at least two forms of liver glyco- 
protein sialyltransferase. One form is thermolabile, loses activity on freezing 
and storage, and is associated with membraneous fractions and A-OSM activity. 
The second form is less thermolabile, more stable to freezing and storage, less 
associated with membraneous fractions and associated more with asialofetuin 
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activity. Furthermore, kinetic characterization of sialytransferase activity in 
liver homogenate, resuspended pellet and supernatant suggests the presence of 
two asialofetuin sialyltransferases. 

Introduction 

Sialyltransferase (CMP-N-acetylneuraminate :D-galactosyl-glycoprotein N- 
acetylneuraminyltransferase, EC 2.4.99.1) catalyzes the transfer of sialic acid 
from its nucleotide derivative cytidine monophosphate-N-acetylneuraminic acid 
(CMP-NANA) to various oligosaccharide, glycoprotein and glycolipid acceptors. 
Several sialyltransferases exist and have been shown to differ with respect to 
the molecular weight of their preferred substrates and their substrate specificity 
[1,21. 

Many mammalian tissues including rat liver [3--8], muscle [9], brain [10], 
and mammary gland [1], pork liver [11], sheep submaxillary gland [1], guinea 
pig brain [12], goat, cow and human colostrum [1] and human serum [13-- 
16] and liver [16,17] have been shown to contain sialyltransferase activity. A1- 
though many studies bave been done on sialyltransferase [1,3--17], few have 
been concerned with the human enzymes [13--17]. Furthermore, none of the 
studies on human sialyltransferases has systematically characterized the en- 
zyme(s) with regard to subcellular location and kinetic properties. Investiga- 
tions of this nature are important since sialylation of molecules and whole cells 
has been shown to be very important for their biological function. The pres- 
ence of sialic acid on some glycoproteins (e.g. intrinsic factor) protects them 
against proteolytic attack [18]. Similarly, the half-life of certain cells (erythro- 
cytes) and macromolecules (plasminogen, OE,-glycoprotein, ceruloplasmin) in 
the plasma appears t o b e  regulated by the presence of sialic acid residues [2, 
19--21]. The presence of sialic acids in glycoproteins appears to be responsible, 
at least in part, for the binding and transport of molecules, for the masking of 
cellular antigens and for the surface charge, aggregation and shape of cells [2, 
22]. In this latter regard, sialic acid residues on cell surfaces are probably im- 
portant in membrane-related cellular phenomena such as malignant transforma- 
tion, contact inhibition and cellular migration [2,22]. The level of sialyltrans- 
ferase activity may be important with regard toi ts  correlation with, or possible 
involvement in, various pathological states including muscular dystrophy [9], 
~-l-antitrypsin deficiency [16], arthritis [14], cystic fibrosis [13,16] and 
cancer [14,23--26]. 

In the present communication we report findings on the activity, subcellular 
distribution and kinetic properties of sialyltransferases in human livers with re- 
gard to the macromolecular glycoprotein acceptors asialofetuin and asialo- 
ovine submaxillary mucin (A-OSM). 

Methods 

General. Protein was determined by the Lowry et al. method [27]. All pro- 
cedures were carried out at 0--4°C unless otherwise stated. Cytidine 5'-mono- 
phosphate [G-3H]sialic acid, specific activity of 2.33 Ci/mmol, lot number 919- 
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032, was purchased from New England Nuclear. 
Preparation o f  glycoprotein substrates. Fetuin (lot No. 84C-0106) was pur- 

chased from Sigma Chemical Co. Asialofetuin was p repa r~ iby  hydrolyzing 1.0 
g fetuin in 400 ml, 0.0125 M H2SO« at 80°C for 1 h [28] foilowed by dialysis 
for 2 days against distilled water (four changes of 9 1/change) in the cold room. 
Assay of the lyophilized retentate for sialic acid by the Warren method [29] in- 
dicated 0.6% (w/w) sialic acid in the asialofetuin preparation. This asialofetuin 
was used for the sialyltransferase assays. 

Ovine submaxillary mucin (OSM) was prepared from 83.4 g defatted ovine 
submaxillary glands according to the method of Murphy and Gottschalk [30]. 
Asialo-OSM (A-OSM) was prepared by hydrolysis in 270 ml, 0.01 M HC1 at 
80°C for 100 min [31], followed by dialysis for 2 days against distilled water 
(three changes of 8 1/change) in the cold room. Assays of the lyophilized reten- 
tate for sialic acid [29] indicated that  no sialic acid was present in the A-OSM 
preparation. This A-OSM was used for the sialyltransferase assays. 

Sialyltransferase assay. The complete incubation medium contained the fol- 
lowing components  in a final volume of 0.300 ml: 1.0 mg of asialofetuin (or 
A-OSM); CMP-N-[3H]acetylneuraminic acid (1.3" 10 s dpm); 100 mM Tris- 
HC1, pli  7.0, buffet  containing 16 mM MgC12 (10 mM for A-OSM) and 0.6% 
Triton X-100 (0.4% for A-OSM); and 50--100 pl of a 1 : 5 (w/v) liver homoge- 
nate (1.1--5.4 mg protein). Incubations were carried out  in duplicate at 37°C 
for 60 min and the reactions were stopped by adding 0.5 ml ice-cold 1% phos- 
photungstic acid in 0.5 M HC1 (w/v). The precipitate was collected on a What- 
man GF/c glass fiber filter in a Gooch crucible, and washed with two, 1.0-ml 
aliquots of cold 1% phosphotungstic acid in 0.5 M HCI [3]. The precipitate was 
dried, solubilized in 2 ml 2.5 M NH«OH and counted in 10 ml Riafluor (New 
England Nuclear) in a Beckman LS-250 Liquid Scintillation Counter. Control 
incubations wi thout  asialofetuin or A-OSM were carried out for all assays and 
the incorporation was substracted from the incorporation in their presence. 
These conditions of assay for human liver were chosen for maximum incorpo- 
ration of  CMP-[3H]NANA into asialofetuin and A-OSM after running curves 
for sialyltransferase activity versus concentration of MgCl» Triton X-100, 
asialofetuin and A-OSM. 

Product identification. The standard enzyme incubation was scaled up 4- 
fold, incubated at 37°C for 1 h, and centrifuged at 48 000 × g for 30 min. 
Polyacrylamide gels (5%) were run at pli  8.9 at 3 mA/gel for 3 h on the reac- 
tion product  supernatant and on authentic fetuin and asialofetuin. The gels 
were either stained for protein with Coomassie Blue or sliced and assayed for 
radioactivity by liquid scintillation counting. 

Tissues and tissue preparation. Human fetal livers were obtained from abort- 
ed fetuses and stored at --20°C until used. Gestational age was determined by 
the crown to rump lengths [32]. Postnatal human livers which appeared nor- 
mal on gross pathological inspection were obtained from autopsied individuals 
and were processed immediately (for fresh tissue studies) or stored a t - -20°C  
until used. The procedures which involved human tissues were approved by the 
Committee on Investigations/Activit~es Involving Human Subjects of the 
School of Medicine, University of California, San Diego. 

Liver homogenates were prepared as follows: 0.2--1 0 g of  liver were homog- 
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enized in 0.1 M, pli  7.0 Tris • HC1 buffer  (1 : 5, w/v) containing 5 mM MgCl~ 
using ground glass homogenizers.  

Fractionation of  human liver homogenates by differential centrifugation. 
Human liver homogenates (1 : 5, w/v) prepared as described were centrifuged 
at 10 000 × g for 10 min to yield a mitochondrial  pellet, Pi [33],  and a post- 
mitochondrial  supernatant,  $1. The supernatant,  $1, was centrifuged at 102 000 
× g for 2 h to yield a microsome pellet, P» and a post imitochromosomal  super- 
natant,  $2 [33].  The distribution of activity and the specific activity of sialyl- 
transferase with regard to asialofetuin and A-OSM was determined in the ho- 
mogenate,  $1, P1, $2, and P» A similar exper iment  was done using 0.8% (v/v) 
Tri ton X-100 in the homogenizing buffer to determine if sialyltransferase activ- 
ity could be dissociated from the membraneous fractions (P~ and P2)- 

In a separate experiment,  a human liver homogenate  was centrifuged at 
48 200 × g for 30 min. The asialofetuin sialyltransferase activity in the homog- 
enate, resuspended pellet and supernatant was characterized kinetically (pli  
optima and Km values) and subjected to isoelectric focusing to help determine 
if more than one sialyltransferase is present in human liver. 

pl i  optimum, pli  op t imum curves of asialofetuin sialyltransferases activity in 
crude liver homogenates,  and 48 200 × g supernatant  and resuspended pellets 
were determined in 0.1 M Tris • HC1 buffers (pli  6.4--8.8) which were 22 mM 
in MgC12 and 0.7% (w/v) in Tri ton X-100. Duplicate tubes were made up and 
the final pli  values determined.  The reaction was initiated with CMP-NANA 
and incubated for 60 min at 37 ° C. 

Kinetic studies. Apparent  Michaelis constants (K m values) were determined 
for sialyltransferase in the crude liver homogenate  and in the 48 200 × g pellet 
and supernatant by the Lineweaver-Burk method [34] using asialofetuin and 
CMP-NANA as substrates. For these studies, sialyltransferase was incubated in 
substrates of  varying concentrat ions in 0.1 M, Tris • HC1 pli  7.0, buffer.  In de- 
termining the Km for asialofetuin, 1.6 • 10 -6 M CMP-NANA was used, and in 
determining the K m for CMP-NANA 7.5 • 10 -s M asialofetuin or 3.2 • 10 «' M 
A-OSM was used. Non-radioactive CMP-NANA was prepared as described by 
Kean and Roseman [35] and used to dilute the radioactive CMP-NANA. 

Isoelectric focusing. Isoelectric focusing was performed according to the 
method of  Haglund [36]using an LKB 8101 (110 ml) isoelectric focusing ap- 
paratus. 2% ampholytes  (pli 3.5--10.0) were used in a gradient of 0--67% (w/v) 
sucrose. The temperature  was maintained at 2--4°C with a circulating water 
bath {Brinkmann Lauda K-2/R). The starting amperage was 3.5 mA and 200 V. 
After 15 h the voltage was adjusted to 500 V. Electrofocusing was conducted 
for 40--41 h after which 0.7-ml fractions were collected. The pli  of each frac- 
tion was measured at 0--2°C with a Beckman digital pli  meter  and 100-pl ali- 
quots of each fraction were assayed for 2 h for asialofetuin sialyltransferase 
activity using 4 . 3 . 1 0 5  dpm CMP-NANA/assay. Isoelectric focusing was per- 
formed on 5.4 ml of crude human liver homogenates (1 : 5, w/v) made in 0.1 
M Tris • HC1, pl i  7.0, buffer  and on the supernatant (7.5 ml) and resuspended 
pellet (5.4 ml) after centrifugation of  13 ml of a 1 : 5 (w/v) homogenate  at 
48 200 × g  for 30 rein. Isoelectric focusing was also done on a supernatant 
after homogenizing (in the above buffer  containing 0.8% (v/v) Triton X-100) 
and centrifuging at 10 000 × g for 30 min. 



311 

Inhibition studies. Various salts at concentrations ranging from 0.25 to 25 
mM (Mn 2÷, Ca 2÷, Hg 2÷, Zn2÷), 0.2--1.5 mM dithiothreitol,  7.0--14.0 mM ri-mer- 
captoethanol and 0.6--3.8 mM ethylenedinitrilotetraacetic acid (EDTA) were 
incubated with sialyltransferase (50--100 pl of a 1 : 5 (w/v) homogenate) to 
determine their effect on sialyltransferase activity. Incubations were carried out 
in duplicate at 37°C for 60 min. 

Stability studies. Sialyltransferase activity was assayed (on 50--100 pl of 
1 : 5 (w/v) homogenates) in fresh and frozen liver homogenates, in dialyzed ho- 
mogenates, in homogenates stored with and without  r-mercaptoethanol (7.0 
and 14.0 mM) for several days at 4°C, and in homogenates which had been 
stored frozen and later thawed and assayed. Thermal stability studies were per- 
formed on human liver sialyltransferase (50--100 pl of 1 : 5 (w/v) homoge- 
nates) which had been preincubated at 37°C for 30, 60, 90, 120 and 150 min 
before the addition of substrates and subsequent assay for 60 min. 

Substrate competition studies. Human liver (50 pl of 1 : 5 (w/v) homoge- 
nates) was assayed for sialyltransferase activity for 1 h using 1.0 mg asialofetuin 
alone, 1.0 mg A-OSM alone or the two substrates combined (1.0 mg asialo- 
fetuin + A-OSM), to help determine if two distinct glycoprotein sialyltransfer- 
ase enzymes are present in liver homogenates. 

Results 

In order to determine the optimal conditions for the assay of human liver 
sialyltransferase with regard to the acceptor substrates asialofetuin and A-OSM, 
curves of sialyltransferase activity versus the concentration of asialofetuin, 
A-OSM, MgC12, and Triton X-100 were run. Substrate inhibition appears t o b e  
exhibited for both asialofetuin and A-OSM at concentrations greater than 1.5 
mg/300 pl and 1.0 mg/300 pi, respectively. The reason for the unusually large 
inhibition exhibited for high concentrations of asialofetuin is not  presently 
known but may be due to a toxic contaminant  in the asialofetuin preparation. 
MgC12 stimulated sialyltransferase activity approx. 50% for both asialofetuin 
and A-OSM between 10 and 25 mM (Fig. 1). Triton X-100 also stimulated both 
asialofetuin and A-OSM sialyltransferase activity 1.5--2.5-fold at 0.4 and 0.6% 
(v/v), respectively {Fig. 2). From these preliminary studies, the conditions for 
the human liver sialyltransferase assay were determined (see Methods). The as- 
say was linear with respect fo time (0.5 and 1.0 h) and enzyme amount  (25, 50, 
and 100 pl of a 1 : 5 (w/v) homogenate).  Polyacrylamide gel electrophoresis of 
the reaction product,  when using asialofetuin as substrate, indicated that  the 
radiolabelled product  migrated as a single, broad protein band coincident with 
the single protein band of  authentic fetuin used in preparing asialofetuin. 

A large range of normal sialyltransferase activity for both substrates was 
found in our studies: 1.0--20.0 pmol NANA transferred/h per mg protein for 
asialofetuin and 0.2--6.1 pmol NANA transferred/h per mg protein for A-OSM. 
In each of  the nine normal livers studied, the sialyltransferase specific activity 
with regard to the asialofetuin substrate is three to seven times that  for the 
A-OSM-substrate. In four fetal livers studied, the specific activity of sialyltrans- 
ferase with regard to both substrates falls within the normal range. The sialyl- 
transferase activity does not  appear to be related to either the sex or age at 
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sions. For one liver which we obtained fresh at autopsy, the sialyltransferase 
specific activity for both the fresh and frozen liver was determined. The asialo- 
fetuin sialyltransferase specific activity was not appreciably affected by freez- 
ing but the A-OSM sialyltransferase specific activity decreased by about 30% 
after freezing. This suggests that there are at least two human liver sialyltrans- 
ferases, one that is stable to freezing and acts primarily on asialofetuin and an- 
other that loses activity on freezing and acts primarily on A-OSM. 
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Fig. 3 depicts typical heat denaturation curves for human liver homogenate 
sialyltransferase using asialofetuin and A-OSM as substrates. The asialofetuin 
sialyltransferase was more thermostable than the A-OSM sialyltransferase. In 
three normal livers that were studied, asialofetuin sialyltransferase retained 67 
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-+ 1% and A-OSM sialyltransferase retained 44 + 8% of the original activity after 
150 min preincubation at 37°C. 

Several salts were added fo liver sialyltransferase to test their effects on en- 
zymatic activity with regard to both asialofetuin and A-OSM (Table I). EDTA 
stimulated asialofetuin sialyltransferase activity at 1 mM and was inhibitory at 
higher concentrations. MnC1: and CaC1:E were highly inhibitory at concentra- 
tions from 25 to 100 mM and heavy metals (HgC12 and ZnC12) were inhibitory, 
at low concentrations (0.1--2.5 mM). The sulfhydryl reagents fi-mercapto- 
ethanol and dithiothreitol were both inhibitory. In general, the additives had a 
similar but larger inhibitory effect on A-OSM sialyltransferase activity than on 
asialofetuin sialyltransferase activity. 

Stability studies performed on human liver sialyltransferase under various 
conditions of  storage for 24 h are summarized in Table II. Asialofetuin sialyl- 
transferase retains all its activity when stored as a frozen homogenate at --20°C 
or when stored as fresh intact liver tissue at 4 ° C. In contrast, storage as a crude 
homogenate at 4°C or as tissue at --20°C leads to small (11%) losses of activity. 
Both dialysis and storage in/~-mercaptoethanol (0.5 and 1.0%, v/v) lead to large 
losses of asialofetuin sialyltransferase activity. Considerably larger losses were 
found for A-OSM sialyltransferase activity under the saine storage conditions 
used for asialofetuin sialyltransferase. 

When a liver homogenate was assayed for sialyltransferase activity using the 
combined substrates (asialofetuin + A-OSM), the activities were additive rather 
than competitive. This suggests that  there are two distinct enzymes for asialo- 
fetuin and A-OSM in liver homogenates. 

In order to determine whether the sialyltransferases are located in different 
subcellular fractions, liver homogenates were subjected to differential centrifu- 
gation (Fig. 4). The five resulting fractions (H, S,, P,, S~, P2) were assayed for 
sialyltransferase activity with respect to both asialofetuin and A-OSM. Table 
III summarizes the data on the fractionation of human liver sialyltransferase 
activity for both substrates and gives the percentage of activity found and the 
specific activity of sialyltransferase in each fraction. The values given are the 

T A B L E  II 

S T A B [ L I T Y  OF H U M A N  L I V E R  S I A L Y L T R A N S F E R A S E  TO V A R I O U S  S T O R A G E  C O N D I T I O N S  

Condi t ions  of  s torage Perccntage  of original act iv i ty  
af tcr  24 h s torage 

As ia lofe t ium A-OSM 

1) Crude  liver h o m o g e n a t e  at  4°C in 0.1 M Tris--HCl,  p l i  7.0 
2) Crude  l iver h o m o g e n a t e  at 4"C in 0.1 M Tris--HCl,  p l i  7.0,  

plus: 
(a) 0 .5% (v/v)  ~ - m e r c a p t o e t h a n o l  
(b) 1.0% (v/v)  f l -mercap toe thano l  

3) Dialyzed for 20 h against  2000  vo lumes  0.1 M Tris--HC1, 
pl i  7.0 

4) Fresb liver tissue at  4°C and new h o m o g e n a t e  ruade in 0.1 M 
Tris- -HCL p l i  7.0 

5) Tissue s tored  at  - -20°C  and new h o m o g e n a t e  m a d e  
6) H o m o g e n a t e  at  --20ç~C 

89 60 

75 
67 

53 

100 81 
89 65 

100 
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average for two determinations. For both the asialofetuin and A-OSM the 
largest percentage of sialyltransferase activity and the highest specific activity 
was found in the two pellets. However, for A-OSM sialyltransferase there was 
a greater percentage of  activity found in the pellets than for asialofetuin sialyl- 
transferase. These data provide additional evidence for two human liver sialyl- 
transferases, the A-OSM sialyltransferase being associated more with mem- 
braneous fractions (P,, P2) than the asialofetuin sialyltransferase. When a sim- 
ilar fractionation was done using Triton X-100 (0.8%, v/v) in the homogenizing 
buffet,  almost all of  the asialofetuin and A-OSM sialyltransferase activity was 
released into the supernatant fractions (Sa, $2) (Table III). 

A second liver was homogenized in 0.1 M Tris - HCI, pli  7.0, containing 5 
mM MgC12, and a portion of the homogenate was centrifuged for 30 min at 
48 200 X g. pli  optima curves were run on the homogenate,  the resuspended 
48 200 X g pellet and the 48 200 X g supernatant using asialofetuin as substrate. 
The homogenate sialyltransferase has a pli  opt imum of 7.2 with a suggested 
second opt imum near 8.2. The 48 200 X g pellet sialyltransferase has a broad 
pli  opt imum of pli  7.2 with little suggestion of a second optimum. The 48 200 
X g supernatant sialyltransferase has a major pli  opt imum at pli  7.2 with a sec- 
ond minor, but clearly evident and reproducible pli  opt imum at pli  8.5. The 
supernatant sialyltransferase has much less activity than either the homogenate 
or the pellet enzymes. The pli  curves suggest that  the liver homogenate con- 
tained at least two sialyltransferases, the bulk of the activity being represented 
by the more neutral form (pli 7.2) most of which pellets out at 48 200 Xg 
leaving an enriched amount  of the more basic form (pli 8.5) in the supernatant. 

Apparent Michaelis constants (K m values) for asialofetuin were run on the 
sialyltransferases in the homogenate,  resuspended 48 200 X g pellet and super- 
natant  (Fig. 5). Analysis of  the Lineweaver-Burk double reciprocal plots indi- 
cates that  the supernatant sialyltransferase has a K m for asialofetuin (0.22 mM) 
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Fig. 5. L ineweave r -Burk  p lo t  of  l iver  s ia lyl t ransferase  ac t iv i ty  ( h o m o g e n a t e ,  r e suspended  48 200  X g pel- 
l e t  and 48 200  X g s u p e m a t a n t )  versus  as ia lofe tu in  (AS F )  c o n c e n t r a t i o n .  See  M e t h o d s  for  details .  

which is somewhat  higher than the K m values found for the pellet and homoge- 
nate sialyltransferase (0.06 and 0.08 mM, respectively). The apparent Km values 
for CMP-NANA were determined for homogenate sialyltransferase activity 
using both  asialofetuin and A-OSM and found to be the same (5 pM) for both 
glycoprotein substrates. 

Isoelectric focusing of  three human liver homogenates indicated the pres- 
ence of  up to ten peaks with asialofetuin sialyltransferase activity (Fig. 6). 
Eight major forms had isoelectric points (pi values) ranging from pli  5.0 to 8.6. 
Isoelectric focusing of  a resuspended 48 200 × g pellet (Fig. 6B) and the corre- 
sponding supernatant (Fig. 6C) yielded isoelectric profiles which were different 
from each other  and different from that of  the homogenate  (Fig. 6A). The re- 
suspended pellet and supernatant each contained forms which were found in 
the homogenate.  However,  the pellet was enriched in forms with pi  values be- 
tween pl i  6 and 7, whereas supernatant was enriched in forms with pi  values 
between pl i  5 and 6 and between pl i  7 and 8. The more basic forms (pli  7.5-- 
8.6) which are well resolved and clearly evident in the homogenate  were nearly 
absent in the pellet and supernatant profiles, perhaps indicating inactivation. 
Except  for these basic forms, combinat ion of  the profiles for pellet and super- 
natant accounted for all of  the forms found in the homogenate.  Isoelectric 
focusing of  a human liver supernatant which was obtained by centrifuging a 
liver homogenized in Tris • HC1 buffer  containing 0.8% (v/v) Triton X-100 gave 
an isoelectric profile (not shown) which contained all the isoelectric forms seen 
in liver homogenates (Fig. 6A) except  that  the forms between pi  values 7.0 and 
8.0 were enhanced in relative amounts.  
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Discussion 

In this paper we have studied the properties of human liver sialyltransferase 
with regard to the two glycoprotein substrates asialofetuin and asiolo-ovine sub- 
maxillary mucin. Like several other  investigators [8,37,38],  we found that 
MgC12 and Triton X-100 stimulated liver sialyltransferase activity (Figs. 1 and 
2 ), and these were incorporated in the assay at optimal concentrations. We have 
studied the specific activity of  sialyltransferase in thirteen human livers in- 
cluding four fetal livers and found a large variability in specific activities for 
both  asialofetuin and A-OSM. Each liver exhibited three to seven times higher 
activity for asialofetuin than for A-OSM. In one liver which we obtained fresh 
at autopsy,  asialofetuin sialyltransferase activity was stable to freezing whereas 
A-OSM sialyltransferase activity lost about  30% of its activity on freezing. 
These results, plus heat denaturation studies (Fig. 3), studies on stability to var- 
ious storage conditions (Table II), additive studies (Table I) and substrate com- 
petit ion studies all suggest the presence in human liver of at least two glyco- 
protein sialyltransferases as has been found for pork liver [11].  Similar to rat 
liver [8],  heavy metals (Hg 2+, Zn *+) at concentrations of  1.0 and 2.5 mM were 
found to greatly inhibit human liver sialyltransferase activity. 

Subcellular fractionation studies (Fig. 4 and Table III) indicated that  the 
majori ty of both  sialyltransferase activities is loosely associated with mem- 
braneous fractions (mitochondrial and microsomal pellets), but  that  a greater 
percentage of A-OSM than asialofetuin activity is associated with these frac- 
tions. Triton X-100 (0.8%, v/v) causes dissociation of  almost all asialofetuin 
and A-OSM sialyltransferase activity from these membraneous fractions (Pi 
and P2) into the corresponding soluble fractions ($1 and $2). Previous subcel- 
lular localization studies on rat liver by differential centrifugation and sucrose 
density gradient centrifugation have indicated that  sialyltransferase activity is 
primarily found in smooth-surfaced microsomes [4]. Other investigators have 
also found sialyltransferase activity concentrated in microsomes in rat [6,7,37] 
and pork liver [11].  

Evidence suggesting two forms of liver asialofetuin sialyltransferase was ob- 
tained by fractionating a human liver and studying the kinetic properties of  
the enzyme in the homogenate,  the resuspended 48 200 X g pellet and the 
48 200 X g supernatant.  These kinetic data should be interpreted with care 
since it is possible that  one membrane-bound enzyme exists and that its prop- 
erties are altered when released into the supernatant.  The pl i  opt ima profiles 
of  the homogenate  and supernatant are bimodal, whereas the resuspended pel- 
let has a broad, unimodal profile. These profiles suggest that two forms of  
sialyltransferase may be present in the resuspended pellet fraction. All three 
fractions have the major pl i  op t imum at or centered around pl i  7.2. This is 
similar to the pli  op t imum of  7.0 found for human and pork liver [17],  and 
rat liver [3,8] sialyltransferase activity. Apparent Michaelis constants (Km 
values) for asialofetuin were determined (Fig. 5) for the three liver fractions. 
Although these K m values were not  determined using optimal CMP-NANA con- 
centrations, they are still useful for comparison purposes. The Km values of  the 
homogenate  and pellet sialyltransferase were very close (0.08 and 0.06 mM, 
respectively) but  lower than the 0.22 mM value found for the supernatant.  
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Since the majority of human liver sialyltransferase activity is associated with 
membraneous fractions (Table III), it is reasonable that the Km values for 
asialofetuin of  the homogenate and resuspended pellet are in close agreement. 
There are no literature values on Km values for asialofetuin in liver sialyltrans- 
ferase(s) with which to compare our results. An apparent Km for CMP-NANA 
was determined on a human liver homogenate t o b e  5 pM when using either 
asialofetuin or A-OSM. This is close to the 2 pM value found in rat liver micro- 
somes [7] but  lower than the value (40 pM) found for pork liver microsomes 
[11].  

Isoelectric focusing was performed on the three human liver fractions. The 
homogenate (Fig. 6A) contained at least ten isoelectric forms with regard to 
asialofetuin activity. The isoelectric profiles for asialofetuin sialyltransferase 
activity in the resuspended pellet (Fig. 6B) and supernatant (Fig. 6C) each 
exhibited multiple forms and were different from each other. However, when 
taken together the profiles appear to account  for most,  if not  all, of  the forms 
found in the liver homogenate.  The relationship of  the two forms of  liver 
asialofetuin sialyltransferase to the multiple forms found on isoelectric focus- 
ing is not  known bu t  it appears that each major form (particulate and soluble) 
may be comprised of several isoelectric forms. 

These  isoelectric focusing studies, although reproducible in the same and 
in three different normal livers, are difficult to interpret. Since the majority 
of  asialofetuin sialyltransferase activity is membrane bound,  the multiplicity 
of  peaks found on isoelectric focusing may be due, at least in part, to the en- 
zyme being associated with different amounts and/or types of  membrane frag- 
ments or to the formation of  micelles of  various composition. Isoelectric focus- 
ing studies using various concentrations of the non-ionic detergent Triton 
X-100 might be useful in simplifying the isoelectric profiles and determining 
what role, if any, membrane fragments and micelles are playing in the asialo- 
fetuin sialyltransferase isoelectric profiles. 

The data suggest that liver contains at least two glycoprotein sialyltrans- 
ferases. One is thermolabile, loses activity on freezing and storage and is loose- 
ly asssociated with membraneous fractions and associated with A-OSM activity. 
The second is less thermolabile, more stable to freezing and storage, less associ- 
ated with membraneous fractions and associated more with asialofetuin activ- 
ity. Kinetic characterization of this second enzyme in liver homogenate,  resus- 
pended pellet and supernatant suggests that it may be comprised of two forms. 
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