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Summary

A Golgi apparatus-rich fraction isolated from rat liver catalyzed the trans-
fer of galactose from UDP-galactose to N-acetylglucosamine with the formation of
N-acetylaminolactose as well as the transfer of glucosamine from UDP-N-acetyl-
glucosamine to endogenous protein acceptors. Based on enzymatic and morphological
criteria, Golgi apparatus fractions were estimated to contain at least 80% Golgi
apparatus-derived material. Approximately half of the total glycosyl transferase
activities of the original homogenates was recovered in the Golgi apparatus fraction,
The glycosy! transferase activities of purified endoplasmic reticulum fractions
were much lower than those of the Golgi apparatus. Plasma membrane fractions as
well as the soluble supernatant fraction contained little or no activity.

Progress in Golgi apparatus isolation has continued for several years
(3,8,13,14,15,16,17,18) beginning with the work of Kuff et al. (see 10) but the
isolation of the Golgi apparatus in a form suitable for detailed and reproducible
biochemical analyses has not been reported. This paper presents a relatively
simple technique for isolation of intact Golgi apparatus from rat liver which is
applicable to other cell types. In addition, we demonstrate the localization of
glycosyl transferase activities within the isolated fraction. These activities
serve as marker enzymes for the rat liver Golgi apparatus and provide direct

verification of the role of the Golgi apparatus in the synthesis of complex

polysaccharides as suggested from autoradiographic studies (11,19).
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Methods and Materials

Livers (approximately 10 g each) were drained of blood, minced thoroughly
with scalpels and transferred to 20 ml of chilled homogenization medium (37.5
mM Tris-maleate, pH 6.4; 0.5 M sucrose; 1% dextran (Sigma, ave mol wt 225,000),
5 mM MgCl2 and 5 mM mercaptoethano! at 0 to 4%, Fixatives were not used.
Homogenization was for 30 to 60 seconds using a Polytron 20 ST (Kinematica,
Lucerne, Switzerland) homogenizer (14) operated at the slowest speed. The
homogenate was squeezed through a single layer of Miracloth (Chicopee Mills,
New York) and centrifuged for 30 min at 2,000 g (Spinco SW50). The friable
upper 1/3 of the 2,000 g pellet was resuspended in a small volume ( <1.0 ml
for a 5.4 m} gradient volume) of supernatant and then layered onto the follow-
ing discontinuous sucrose gradient: 1.8 M, 1.6 M, 1.5 M and 1,25 M sucrose
in a v/v ratio to sample of 0.25:0.5:1:1. All gradient solutions were
prepared in 37.5 mM Tris-maleate, pH 6.4; 1% dextran and 5 mM MgCIz. The
gradient was centrifuged for 30 min at 150,000 g (SW50) to remove mitochondrial
and endoplasmic reticulum contamination., The Golgi apparatus (density 1.12
to 1.14) collected at the 1.25 M sucrose-homogenate interface. Contaminating
fractions occupied lower bands. The band containing Golgi apparatus was
removed from the gradient, resuspended and pelleted at 2,000 g for 30 min.
The yield was 4 to 7 mg Golgi apparatus protein per 10 g iiver.

Endoplasmic reticulum was obtained from the 2,000 g supernatant by layering
over a discontinuous sucrose gradient consisting of 2,0 M sucrose and 1.5 M
sucrose in a v/v ratio to sample of 0.15:0.3. The gradients were centrifuged
for 0.5 to 3 hours at 150,000 g and the band at the 1.5 to 2.0 M sucrose

interface was removed and resuspended in distilled water, Plasma membrane

fractions were obtained according to Emmelot et al..(4). Unless indicated
otherwise, male rats, 200 to 250 g (50 days old) of the Wistar strain were

fed a potato diet for 3 days to 2 weeks prior to sacrifice.

Results

The yield and purity of the Golgi apparatus fraction was critically
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dependent upon the homogenization procedure. With Polytron homogenization,
large fragments of intact Golgi apparatus were obtained which sedimented at
low centrifugal force. Other details of the procedure appeared less critical
and the Mg++ and mercaptoethano!l were included to preserve enzymatic activities
initially, identification of isolated Golgi apparatus was based on their
morphology which was so characteristic it served as a reliable marker (3,8,14),
The degree of purity of the fractions suggested by electron microscope analyses
of both thin sections and negatively stained preparations was verified by
assays for enzyme activities known to be concentrated in other cell fractions
(Table 1). Mitochondrial contamination of the Golgi apparatus fractions was

about 1% based on levels of succinic dehydrogenase.

TABLE |
5'=NUCLEOTIDASE AND GLUCOSE-6-PHOSPHATASE

Units of specific activity are pmoles inorganic phosphate/hr/mg protein
+ standard deviation assayed after 10 or 15 minutes incubation at 37 % 1°
according to Emmelot et al. (k). Protein was estimated by the biuret method
or by the method of Lowry et al. (12).

Specific activity

Fraction 5'-Nucleotidase Glucose-6-phosphatase
Total homogenate 1.7 £ 0.} 2.6 £ 0.9
Endoplasmic reticulum 1.9 ¢ 0.2 12.1 £ 0.9
Golgi apparatus 3.2 £ 0.8 1.7 + 0.4
Plasma membrane 54,0 + 3.0 1.4 £ 0.9

A marker enzyme activity, UDP-galactose: N-acetylglucosamine galactosyl-~
transferase (5), was concentrated in the Golgi apparatus fraction and was of
much lower specific activity or absent from endoplasmic reticulum, plasma
membrane and the microsomal supernatant (100,000 g, 3 hr) fractions (Table 11).
Evaluation of the activity for plasma membranes was complicated by a high
level of nonspecific hydrolysis of UDP-galactose and the relatively long

times required for preparation of this fraction. We recovered between 30
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TABLE |1

WEP-GNLACTOSE: N-ACETYLGLUCOSAMINE GALACTOSYLTRANSFERASE

Tiee reaction mixture contained 2 pmoles of Tris-HC1 (pH 7.5), 1 umole
Mglly, ©.5 pmoiles MnCi,, 5 umoles mercaptoethanol, 0.45 pmoles N-acetyl-
glucosamime and 32.2 mumoles (240 mc/mmole, Radiochemical Centre, Amersham,
Englamd, €hd!a”mdlmr‘\='ca] purity verified by paper chromatography as >95%)
UDP-D-galactose~T" " {26,000 dpm) to which was added an aliquot of a suspension
of cell fraction containing 0.15 to 0.65 mg protein in 0.5% Triton X-100 with
a final volume of ®.2 m1. iIncubations were at 37 + 1© for 10 min. The
reactiom was shopped by placing the reaction mixture on an anion exchange
column comsistimg of about 1 ml of packed BioRad AG)-X, resin (Ct~ form)
preparad im distilled water {20). N-acetylaminolactose and galactose were
eluted from the columns with 3 x 0.4 ml washes with distilled water. The
washes oontainimg the radioactive products were collected in scintillator
vials amd radicactivity was determined by liquid scintillation spectrometry.
To oowmrect ffor mopmspecific hydrolysis of UDP-galactose, a blank determination
in the absence of N-acetylglucosamine (-~HA) was subtracted. Dpm
N-acetylglucnsamine {+ HA) and the accompanying specific activities are
representative valuses from a single experiment, Average specific activities
are from 3 to 8 determinations * standard deviation. The unit of specific
activity is sumoles/hr/mg protein.

dpm Average

Cell fraction +HA -HA Sp. Act. Sp. Act.
Total homogenate Los 233 2.4 2.4+ 0.8
Golgi apparatus 5218 272 218.0 228.0 £ 11.0
Endoplasmic reticulum 278 198 3.0 3.6 % 0.9
Plasma mesibrane 1934 1871 1.4 1.1+ 1.0
Nicrosomal supernatant 180 171 0.1 0.2+ 0.1
None 166 - - - -

and 70% of the galactosyl transferase in the Golgi apparatus fraction with

this fraction having an average specific activity nearly 100 times that of

the total homogenate. Preparations from 10 different animals showed a similar
distribution of enzyme activity with only slight differences comparing males with
virgin females. When the enzymatic transfer of glucosamine from UDP-N- acetyl-
glucosamine to endogenous protein acceptors was measured (Table 111), the results
were similar to those for the galactosyl transferase in the presence of exogenous
acceptor (Table 11).

Discussion

The rat liver Golgi apparatus in situ is composed of heterogeneous elements
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TABLE 111

Y 4

ENZYMATIC TRANSFER OF GLUCOSAMINE-CI FROM UDP-N-ACETYLGLUCOSAMINE- C' TO

ENDOGENOUS PROTEIN ACCEPTORS

Transfer of glucosamine-clh from UDP-N-acetylglucosamine-clh to protein
was measured according to Wagner and Cynkin (23,24), The incubation mixture
contained 80 uliters of suspended cell fraction (0.3 to 0.5 mg protein), 0.8
mumole (15,000 cpm) UDP-N-acetylglucosamine-C]“, 0.5 umole MgClz, 0.5 umole
EDTA and 4.0 umoles Tris-maleate buffer (pH 7.1) in a final volume of 100
pliters. iIncubations were at 37° for 15 minutes and terminated by the
addition of 3 ml of 5% trichloroacetic acid. Washed precipitates were prepared
for determination of radioactivity by liquid scintillation spectrometry as
described previously (23,24). Animals were 200 to 250 g males of the Holtzman
strain fed a Purina Laboratory Chow diet.”

Specific activity Percent of total
Cell Fraction pumoles/hr/mg protein activity
Total homogenate 7to9 100
Golgi apparatus 500 to 900 Lo to 50
Endoplasmic reticulum 2
Plasma membrane 0
Microsomal supernatant 0

“We wish to thank R. R. Wagner of Tufts University School of Medicine
for conducting these analyses for us at Purdue University and R. W.
Cheetham and W. N. Yunghans for supplying the endoplasmic reticulum
and plasma membrane fractions.

i.e., plate-like regions of various types corresponding to the stacked cisternae

seen in cross section, several kinds of tubules, intercisternal regions, secretory
vesicles and the cisternal contents. All of these elements have been identified in
the isolated preparations and the isolated Golgi apparatus appear to be representative
of the Golgi apparatus of the intact cell (Morre', et al., to be published.)

Since the differential centrifugation step selects for larger fragments, some
fractionation is likely. Perhaps as much as 50% of the Golgi apparatus are lost

in this manner (Tables I{ and I11).

The galactosyl transferase which catalyzes the incorporation of galactose
from UDP-galactose to glucose or N-acetylglucosamine with the formation of the
corresponding disaccharide (lactose or N-acetylaminolactose), utilizes a
defined acceptor of low molecular weight (20) and with the relatively simple

assay system provides a useful marker enzyme for the rat liver Golgi apparatus.
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The presence of this activity and its concentration in the hepatocyte Golgi
apparatus supports the growing contention that milk lactose may be synthesized
within the Golgi apparatus of lactating mammary cells (1,2). The enzyme which

catalyzes the transfer of MN-acetylglucosamine from UDP-N-acetylglucosamine

to an endogenous protein acceptor {23,24) is also concentrated in the Golgi
apparatus fraction. With both transferases (exogenous or endogenous acceptor)
we recover on the average between 40 and 50% of the activity in the Golgi
apparatus fraction (Tables 1l and 111),

The N-acetylglucosamine and galactosyl transferases appear as only two
of a number of similar glycosyl transferase activities associated with the
Golgi apparatus fraction from rat liver. Schachter et al. (21,22, personal
communication), have localized other sugar transferases in a Golgi apparatus-
rich fraction when assayed in the presence of suitable mucopolysaccharide
acceptors, Again, the isolated Golgi apparatus fraction exhibits the highest
specific activity when compared to other cell fractions and the activity of
the Golgi apparatus fraction accounts for approximately L40% of the total
activity of the homogenates. These results plus the results reported here
and those of Wagner and Cynkin (23,24) show for the first time a group of
enzyme markers in the smooth membrane fraction of rat liver that are low or
absent from the rough endoplasmic reticulum and plasma membrane (see also
Hagopian et al. (7) for Hela cells). The present report confirms their
localization within the smooth membrane fraction and provides evidence
consistent with localization in the Golgi apparatus.

Sugar transferases may be involved in either product or membrane trans-
formations or both although the precise roles remain to be elucidated. One
possibility is that certain of the secretory products being exported require
additions of sugars as part of the secretory or assembly process. For example,
Jones et al. (9) have suggested that the lipoproteins secreted by iiver may
not be pure lipoproteins but rather glycolipoproteins. A second possibility

is that the production of plasma membrane-like secretory vesicles by the Golgi
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apparatus (6) involves additions of sugars to the membrane.
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