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ABsTrRAaCT Serum galactosyltransferase activity was
found to be elevated in patients with alcoholic and other
liver disorders but remained at a normal level in patients
with a variety of nonhepatic diseases. The properties of
the galactosyltransferase in patients with liver disease
were compared with those of the enzyme in the serum of
normal subjects. The possible presence of inhibitors or
activators in the serum was examined. Results indicated
that in patients with liver disease, the rise in the serum
galactosyltransferase was due to an increase in the level
of the enzyme present in normal serum and not due to
the appearance of a new enzyme. In the cases examined,
the level of the enzyme increased with the deterioration
of liver function and declined in a patient recovering
from acute alcoholic hepatitis. Another glycosyltrans-
ferase, an N-acetylgalactosaminyltransferase, was not
elevated in the serum of liver disease patients and, un-
like the galactosyltransferase, was not detected in nor-
mal liver. The results suggest that the serum galacto-
syltransferase originates from the liver and that an
abnormal rise in the level of this enzyme in serum is
due to hepatocellular damage.

INTRODUCTION

It is now apparent that in addition to mucins and human
blood group substances, immunoglobulins, most serum
proteins, and many hormones and enzymes are glyco-
proteins (1-10), i.e. proteins with varying amount of
covalently linked carbohydrate. Such enzymes have been
shown to occur in many tissues that synthesize glycopro-
teins, e.g. liver (11, 12), gastrointestinal mucosa (13-
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16), submaxillary gland (17, 18), thyroid gland (19),
and in other tissues and body fluids (20-22). In general,
these enzymes are membrane bound (11-19). Just as de-
fects in glycolipid metabolism have been shown to result
in lipid-storage diseases and mucopolysaccharidoses (20),
alterations in glycoprotein metabolism or structure have
been implicated in a variety of disorders such as cystic
fibrosis, gastric ulcer, gastrointestinal tumors, leukemia,
and the microangiopathy of diabetes mellitus (23-29).
However, the specific abnormalities of glycoprotein me-
tabolism underlying these disorders are unknown at the
present time.

Recently, human serum was found to contain several
glycosyltransferases, namely, an N-acetylglucosaminyl-
transferase (30), an N-acetylgalactosaminyltransferase
(21), a sialyltransferase (22) and a galactosyltrans-
ferase (31). It has also been found that in the case
of the N-acetylgalactosaminyltransferase, which cata-
lyzes the transfer of N-acetyl-n-galactosamine to human
blood group H-like substances, and which is thus re-
sponsible for the human blood group A - determinant,
the enzyme was present in milk (32), intestinal tissue
(13) and sera (21) of blood group A or AB individ-
uals but was absent in individuals of group B or O.
However, no such variation in the enzyme activity
among persons of different blood groups was noted in
the case of the sialyltransferase (22) or the galac-
tosyltransferase (31). Although present in the serum,
the source and physiological significance of these en-
zymes remain unknown.

An examination of glycosyltransferases in the sera of
several individuals revealed that one subject had an ab-
normally high galactosyltransferase level. It was found
that this individual also had a liver disorder. Subse-
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quently this finding raised the question as to whether the
elevated galactosyltransferase was the result of liver dis-
ease or merely an occurrence in many disease states. The
present report describes the results obtained from an ex-
amination of the galactosyltransferase and the N-acetyl-
galactosaminyltransferase in 40 normal individuals and
in 63 patients with various disorders. Levels of these
enzymes were also determined in liver and intestine of
two normal subjects at postmorten.

METHODS

Patient sera. Fresh sera were obtained from 40 healthy
individuals, 18 patients with alcoholic liver diseases, 10 with
miscellaneous liver diseases, 9 with viral hepatitis, 14 with
cystic fibrosis of the pancreas, and 23 with miscellaneous
diseases: carcinoma of the stomach, 3, or colon, 5, none of
which showed evidence of hepatic metastasis; gastric ulcer,
5; pneumonia, 4; diabetes mellitus, 4; and sickle cell anemia,
2. Serum samples were stored at — 20°C until used.

Enzyme assays. For the galactosyltransferase assay, a
quantitative assay method utilizing a fétuin acceptor free of
N-acetylneuraminic acid and bp-galactose was used and is
fully described in a previous paper (31). For the N-acetyl-
galactosaminyltransferase, a standard assay method (20) was
employed using porcine submaxillary mucin or 2’-fucosyllac-
tose as the acceptor. These acceptors both possessed human
blood group O(H)-like activity. All enzyme assays were
performed under conditions in which the reaction was linear
with respect to enzyme concentration and time. Control incu-
bations were performed in the absence of either exogenous
acceptor or enzyme, and the sum of amounts of radioactivity
incorporated in both controls was subtracted from the total

radioactivity in the calculation of enzyme activity. Unless
stated otherwise, results are reported as totals of the radio-
activity incorporated into the specific acceptor per hour of
incubation per milligram of serum protein and per milliliter
of serum. 3

Preparation of liver and small intestine postmitochondrial
fraction. Postmortem liver and small intestinal tissues from
two human blood group A secretors were obtained at 5 hr
(H. F.) and 24 hr (M. R.) of death. All subsequent steps
were done at 4°C. Firstly, the intestinal tissue was scraped
to obtain mucosa and the liver tissue was minced with a
scissors. Next, the tissues were homogenized with 4 vol
(w/v) of 0.05 M Tris-acetate, 0.15 M sodium chloride buffer
pH 7.4 using a Potter-Elvejhem tissue homogenizer with a
Teflon pestle having a 0.004-0.006 cm clearance. Six and 12
strokes were used for the intestinal and liver tissues, re-
spectively. The homogenates were centrifuged at 20,000 g
for 10 min, and the supernatant fluid was analyzed for glyco-
syltransferase activities using the serum assay conditions but
including in addition 0.1% Triton X-100.

Protein content of samples was estimated by the method
of Lowry, Rosenbrough, Farr, and Randall (33) using bovine
serum albumin as a standard.

Cellulose acetate electrophoresis of human serum. 3 ul of
serum was applied to Sepraphore III cellulose acetate strips
(Gelman Instrument Company, Ann Arbor, Mich.). Electro-
phoresis was performed at 4°C using a Gelman electropho-
resis apparatus in the following systems: at pH 4.0, 0.11 M
sodium formate buffer, 200 v (constant voltage), giving 1.5
ma per strip, for 45 min; at pH 9.0, a borate buffer contain-
ing 0.04 M sodium tetraborate and 0.02 M boric acid, with
250 v (constant voltage) and 1.5 ma per strip, for 45 min.
After electrophoresis, the cellulose acetate strips were cut at
3-mm intervals along the strip length; each section was then
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Ficure 1 Level of galactosyltransferase activity in the serum of normal subjects and of
patients with a variety of diseases. The miscellaneous liver disease symbols are: ®, liver
metastasis with carcinoma of the stomach (1) or with carcinoma of the colon (3); A, hepatic
congestion due to cardiac failure; X, liver cell carcinoma. Miscellaneous diseases are listed

in Methods.
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TaBLE I
Serum Glycosyltransferase Activity tn Normal Subjects and in Patients with Alcoholic Liver Disease

Galactosyltransferase
(fetuin acceptor)

Serum source

dpm/mg protein/hr}

(18) 19,594 42,372
(40) 8,3594226

Alcoholic liver disease
Normal

704,870+2,448

N-acetylgalactosaminyltransferase
(PSM* acceptor)
dpm/ml/hr dpm/mg protein/hr dpm/ml/hr
1,547,222 4-130,764 (8) 31128 21,89441,504

(18) 294+14  22,439+1,165

* PSM, porcine submaxillary mucin.

} Mean=sE. Figures in parentheses indicate the number of subjects.

diced and added to the standard galactosyltransferase assay
mixture. In these incubations 50,000 dpm of UDP-galactose-
*C (298 mCi/mmole) was used as substrate and the incu-
bation time was extended to 16 hr. Serum albumin mobility
was determined by staining the control strips with 0.5%
amido black in 7% acetic acid. The strips were destained
with 7% acetic acid.

RESULTS

The level of the galactosyltransferase was measured in
the sera of patients with a variety of disorders (Fig. 1).
The sera from patients with alcoholic liver disease
showed the highest elevations of enzyme activity al-
though variation in the levels was also large. Similar
levels and variations were found in viral hepatitis pa-
tients and in those with other liver diseases. In contrast,
the serum galactosyltransferase activity was not elevated
in patients with other disorders: cystic fibrosis, gastric
ulcer, carcinoma of the stomach and colon with no evi-
dence of hepatic metastasis, pneumonia, diabetes mellitus,
and sickle cell anemia. The results were similar whether
the enzyme activity was expressed per milligram of pro-
tein or per milliliter of serum. As shown in Table I, the
activity of the serum N-acetylgalactosaminyltransferase
was not elevated in patients with alcoholic liver disease
as distinct from the rise in the galactosyltransferase ob-
served in these patients.

5
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FiGure 2 Serum glycosyltransferase levels measured at in-
tervals in a patient (R. S.) with Laennec’s cirrhosis.

Serum glycosyltransferase activities were measured at
intervals in a patient (R. S.) with Laennec’s cirrhosis,
who died of hepatic failure (Fig. 2), and another (J. M.)
who was recovering from acute alcoholic hepatitis (Fig.
3). In the cirrhosis patient (Fig. 2) the level of the ga-
lactosyltransferase activity increased markedly during
the period of observation. The N-acetylgalactosaminyl-
transferase remained at the normal level. In the second
case (Fig. 3), the recovery of liver function, as indicated
by a decrease in serum bilirubin and in SGOT,* was ac-
companied by a drop in serum galactosyltransferase ac-
tivity to the normal level.

In order to determine whether the presence of an ac-
tivator or the absence of an inhibitor caused an apparent
increase in the level of the serum galactosyltransferase
in patients with liver disorders, various proportions of
normal and liver disease sera were mixed and the enzyme
activity measured (Table II). The galactosyltransferase
activity of each mixture was equivalent to the sum of the
individual activities of the two portions. The ratio of
experimental to theoretical activity for each mixture was
very close to 1; this was within the range of experi-
mental error for the assay procedure.
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Ficure 3 Galactosyltransferase level measured in a patient
(J. M.) recovering from acute alcoholic hepatitis. SGOT,
serum glutamic oxaloacetic transaminase.

* Abbreviations used in this paper: SGOT, serum gluta-
mic oxaloacetic transaminase; UDP-galactose, uridine di-
phosphate galactose.
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TABLE II

Galactosyltransferase Activity in Mixtures of Serum from a Normal Subject and a Patient with
Alcoholic Liver Disease

Serum portion

Enzyme activity

Liver

Mixture Normal  disease Experimental Theoretical* Ratiof = Experimental = Theoretical*  Ratio}
w dpm/ml/hr X 10~% dpm/mg protein/hr X 1073
1 20 0 763 — — 123 b .
2 15 5 1,269 1,295 0.98 214 202 1.06
3 10 10 1,899 1,826 1.04 272 281 0.97
4 5 15 2,476 2,358 1.05 363 360 1.01
5 0 20 2,890 — — 438 —_ —

* The theoretical values are those predicted from the sum of the individual activity of each portion.

1 Experimental/theoretical.

To examine the possible identity of the serum galac-
tosyltransferase from liver disease patients and normal
individuals, several properties of the enzyme were in-
vestigated (Table III). The enzyme activity of the se-
rum from both sources was maximal at pH 7.0 to 7.5,
30°C and a manganous ion concentration of 43 mM. The
apparent Km for uridine diphosphate galactose (UDP-
galactose) of the enzyme from both sources was also very
similar.

Electrophoresis of the galactosyltransferase from the
sera of normal and alcoholic liver disease individuals
was performed for comparison on cellulose acetate strips
at pH 4.0 and pH 9.0 as described in Methods. The re-
sults are shown in Fig. 4. At either pH value the enzyme
from normal and liver disease subjects migrated the
same distance from the origin and moved at a slower
rate than serum albumin. Only a single peak of enzyme
activity was ever observed.

The levels of both glycosyltransferases were measured
in autopsy specimens of liver and intestine. The results
are shown in Table IV. The galactosyltransferase was
very active in both tissues. However, the N-acetylgalac-
tosaminyltransferase activity, while high in the intestinal
tissue, was at the limit of detection in the liver.

TaBLE III
Comparison of the Properties of the Serum Galactosyltransferase
in a Normal Subject and in an Alcoholic
Liver Disease Patient

Serum pH- Mnt++ Temperature K for
source optimum  requirement optimum UDP-Gal
mM °c M
Normal 7.0-7.5 43 30 7.5 X 10-¢
Alcoholic liver
disease 7.0-7.5 43 30 8.2 X 10t
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DISCUSSION

Two glycosyltransferases were examined in this report,
a galactosyltransferase and an N-acetylgalactosaminyl-
transferase. The reactions catalyzed by these two enzymes
are shown in Fig. 5. The galactosyltransferase was found
to be present in the serum of all individuals (31); as
reported previously (21) the N-acetylgalactosaminyl-
transferase is present only in individuals of blood group
A and AB and is believed to be responsible for the for-
mation of the blood group A determinant. Although
these enzymes were also detected in the erythrocyte mem-
brane (21, 31), the levels of the membrane enzymes were
not measured in this study.

A significant elevation in serum galactosyltransferase
activity occurred in patients with active liver diseases,
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NORMAL (=)
J, <2500
pH 4.0 o
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<5000
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15000
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. l 12500
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Ficure 4 Cellulose acetate electrophoresis of the serum
galactosyltransferase from a normal subject and an alcoholic
liver disease patient (A. L. D.). “0” represents the point of
application of the serim sample. The arrow represents the
mobility of serum albumin.
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regardless of etiology. Alcoholic liver diseases, i.e., fatty
liver or alcoholic hepatitis, viral hepatitis, cholestatic
liver disease secondary to common duct stones and
hepatic metastases from gastrointestinal cancer all re-
sulted in the elevation of this enzyme. In addition, the
activity of the galactosyltransferase rose with the levels
of other indicators of liver dysfunction, e.g., serum bili-
rubin and SGOT. As depicted in Fig. 2, a patient with
advanced Laennec’s cirrhosis, who eventually died of
hepatic decompensation, showed a progressive rise in
the serum galactosyltransferase. This rise was con-
comitant with a clinical deterioration in liver function.
Conversely, during recovery from acute alcoholic hepa-
titis (Fig. 3) the level of this enzyme returned to normal,
coincident with the improvement in liver function as
judged by a fall in serum bilirubin and SGOT. Patients
with a variety of nonhepatic disorders showed no increase
in the serum galactosyltransferase activity, suggesting
that the elevation of this enzyme may occur only in pa-
tients with liver diseases, though the number of ob-
servations in patients with extrahepatic disease was not
large.

The increase in serum galactosyltransferase activity
observed in patients with active liver disease is ap-
parently not due to the presence of an activator or the ab-
sence of an inhibitor in the serum, since mixtures of
normal and pathological sera in different proportions
yielded the expected additive enzyme activity. Electro-
phoresis of the serum at pH 4.0 and 9.0 of a normal sub-
ject and of a patient with alcoholic liver disease showed a
single band of galactosyltransferase activity. The elec-
trophoretic mobility of the enzyme from normal and liver
disease sera was the same. The identity of pH, tempera-
ture, and Mn** ion concentration required for maximal
activity and the similarity of the apparent Km for UDP-
galactose in normal individuals and in patients with liver
disease all suggest that the serum enzyme present in
the liver disease patients is probably the same enzyme
as that in the normal subjects.

(1) Galactosyltransferase:
UDP-Gal + GlcNAc-glycoprotein

(2) N-acetylgalactosaminyltransferase:
(a) UDP-GalNAc + Gal-glycoprotein
I

Fuc

(b) UDP-GalNAc + Gal-Glc (2’ Fucosyllactose)
|

Fuc

TaBLE IV
Glycosyltransferases in the Postmitochondrial Fraction of
Human Liver and Intestine

N-acetylgalactosaminyl-

Galactosyltransférase transferase
Speci-
Donor men Fetuin* PSM* 2’ fucosyllactose*
dpm/mg protein/hr dpm/mg protein/hr
M. R. Liver 9,200 80 90
H. F. 25,300 150 ND
M. R. Intestine 21,300 30,100 15,900
H. F. 11,000 17,800 ND

ND, not determined.
* Acceptors used in assays. PSM, porcine submaxillary mucin,

Unlike the galactosyltransferase, the level of the
N-acetylgalactosaminyltransferase did not rise in the
serum of blood group A and AB patients with liver dis-
ease but remained the same as in the normal subjects.
Presuming the liver is the source of the serum galacto-
syltransferase, as suggested by the rise in the enzyme
during liver disorders, it would be surprising if the
N-acetylgalactosaminyltransferase increased, since this
organ showed a very low level of N-acetylgalactos-
aminyltransferase activity in normal patients.

It is possible that the elevation of the galactosyltrans-
ferase in the serum of patients with liver disorders is
either due to detachment of the membrane enzymes from
damaged cells or to a regeneration process in the liver.
Roseman (34) has suggested that a galactosyltransferase
plays an important role in the aggregation of embryonic
retinal cells and Den, Kaufman, and Roseman (35) re-
ported an activity of this enzyme in the serum and cere-
bral spinal fluid of the embryonic chick greater than that
in the adult. However, the rise of the galactosyltransfer-
ase is probably not due to a regenerative process since
patients with obstructive jaundice due to gallstones and
hepatic congestion due to heart failure had an elevated
level of this enzyme in serum. Since the enzyme is mem-
brane-bound in liver (11, 12) and in other tissues (14,

— Gal-GlcNAc-glycoprotein + (UDP)

— GalNAc-Gal-glycoprotein + (UDP)
|

Fuc
— GalNAc-Gal-Glc + (UDP)
|

Fuc

Ficure 5 Summary of the reactions catalyzed by the galactosyltransferase and the N-acetyl-
galactosaminyltransferase. UDP-Gal, uridine diphosphate galactose; UDP-GalNAc, uridine
diphosphate N-acetylgalactosamine; GIcNAc, N-acetylglucosamine; Gal, galactose; Fuc, fucose;

Glc, glucose.
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18, 19, 24) and since another liver membrane-bound en-
zyme, glucose-6-phosphatase, has also been shown to
increase markedly in the serum of patients with acute
hepatitis (36), the rapid fall of galactosyltransferase
activity in serum during recovery suggests that the ele-
vation of this enzyme is a result of hepatic cellular mem-
brane damage.

Examination of a number of other serum glycosyl-
transferases in patients with various diseases may yield
information helpful to the diagnosis of these disorders
and may assist in elucidating the sources and physio-
logical functions of the various glycosyltransferases.
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