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Summary

Activity levels of three cell surface glycoprotein:glycosyltransferases
were found to be S-peak enzymes in the cell mitotic cycle of L5178Y cells.
These enzymes, which may be important in cell—cell adhesion, had virtually
no activity in the M-period of the cell mitotic cycle.

Roseman [1] first suggested that cell external surface glycosyltrans-
ferases and acceptors may mediate cell—cell adhesion. Since that suggestion,
surface glycosyltransferases and acceptors have been identified in chick
embryo neural retinal cells [2], normal and transformed fibroblasts [3,4],
and human blood platelets [5—7]. The mechanism postulated is that glyco-
conjugate acceptors and glycosyltransferases are present on the external
cell surface and that formation of the activated intermediate or complex forme:
between enzyme and the two substrates (acceptor and activated monosaccha-
ride) mediates adhesion. Alternatively, aside from the direct mediation of
adhesion, the glycosyl-ectoenzyme system may effect recognition, which in
turn may activate an adhesion mechanism.

Cells having large complements of either surface glycosyltrans-
ferase or surface acceptor, e.g. metastasizing cells [8], might adhere to non-
similar cells also having high complements of either surface glycosyltransferase
or acceptor. Hence, a cell from a tumor that is metastasizing might be ex-
pected to adhere to circulating platelets or other tissue cell sites having high
levels of the ectoenzyme systems [8].

Recently we [9] have shown that L5178Y cells, which grow in sus-
pension culture in vitro and ascitically in vivo, probably not making much
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cell—cell contact during their lifetime, have cell surface glycoprotein:glycosyl-
transferases and acceptors. Trypsinization (1%, 10 min, 37 °C) of the cell
either before or after the reaction took place essentially resulted in no activity
of any of the systems studied, indicating that both the enzyme and the acceptor
are located on the cell periphery. The fact that in these suspension culture cells
glycosyltransferases and acceptors exist on the cell surface may point to the
universality of the adhesion mechanism. An alternative explanation is that
the surface glycosyltransferases and acceptors merely reflect Golgi-derived
enzymes and acceptors carried to the plasma membrane during plasma mem-
brane biogenesis and have no function for cell—cell adhesion. In this event,
the surface glycosyltransferases are still of extreme importance because they
could bind and/or glycosylate extracellular soluble proteins or glycoproteins.
Because of the interest and the importance of these ectoenzymes, we under-
took to determine activity levels in synchronized L5178Y cell populations.

L5178Y cells (mouse lymphoma cell line) were grown in suspension
culture in sealed containers in Fischer’s medium [11] with 10% horse serum
and were used in the exponential growth phase. Cell numbers were deter-
mined in a Coulter counter. Cells were synchronized by the method of Doida
and Okada (see refs 11—14) by applying one treatment with excess thymidine
followed by one treatment with colcemid and deoxycytidine. Each hour
after release from the colcemid block, 30 ml of cell suspension were centri-
fuged out of solution at 2500 X g for 5 min and assayed for cell surface ecto-
enzymes as given in the figure legend. Following the 30-min incubation,
99.4% of the cells were viable by dye adhesion tests; no glycosyltransferases,
glycosidases, or intercellular enzymes were detectable in the 2500 X g incuba-
tion supernatant. No measurements of ectoglycosidase activities were made.
Fetuin and its degraded products used as acceptors in the reactions were
prepared as described previously [15]. Simultaneously with the sampling
for analysis, 3 ml of cells were centrifuged out of solution, resuspended in
0.2 ml of Fischer’s medium containing 10 uCi of [*H]thymidine (15 Ci/mmole)
and incubated at 37 °C for 5 min. The incubation was terminated with 10%
trichloroacetic acid, the solution was centrifuged, and the insoluble pellet was
washed twice with 10% trichloroacetic acid and once with ethanol—diethyl-
ether (2:1, v/v), dissolved in 1 M NaOH, plated on a glass filter disc, and
counted in a liquid scintillation counter. Counts per minute from zero-time
incubations which were precipitated immediately were subtracted from these
results. This radioactive incorporation of [*H]thymidine is an indication of
DNA synthesis in the cell and is a useful measure of synchrony and the S-
period. Protein was determined by the method of Lowry et al. {16]. Crystalline
bovine serum albumin was used as a standard. Protein per cell increased
linearly from about 0.9 mg/107 cells to about 1.7 mg/107 cells after about
9.5 h and then dropped back to 0.9 mg/107 cells. In general, there was a
doubling of the cells at 9.5—10 h after release from the M-block. Further
details of these methods are given in previous publications [12-—14].

The data given in Fig. 1 indicate that each of the three ectoenzyme
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Fig.1. Activity of cell surface glycoprotein:glycosyltransferases and acceptors in synchronous

L5178Y cells. Culture and synchrony of cells were as described previously [11—14]. Experiments were
performed by harvesting cells in the indicated growth phase, washing them once with 0.1 M Tris

(pH 7.6), saline, suspending 0.1 to 0.3 mg (as protein) in 0.1 ml Fischer’s medium without serum, and
adding the following, to a final volume of 0.180 ml: 10 ul of 0.1 M MgCl,, 10 ul of 0.1 M MnCl,,

50 ul of acceptor protein (0.9 mg of protein) for exogenous activity or 50 ul of water for endogenous
activity, and 10 ul of a 3.3 uCi/ml solution of '4C-abeled precursor (nucleotide ['*C] monosaccharide:
specific activity, 90 Ci/mole). The mixtures were incubated for 30 min at 37 °c (all incorporations of
['“CJmonosaccharide were linear with respect to time for 1 h), after which 3 volumes of 1% phospho-
tungstic acid in 0.5 M HCl were added and the precipitate was centrifuged out of solution. The
precipitate was washed twice with 10% trichloroacetic acid, once with ethanol—diethylether (2:1, v/v),
and dissolved in 1 M NaOH, and the radioactivity was determined in a liquid scintillation counter. Data
are cpm per mg protein and means £ 1 §.D. from five independent observations. 2, endogenous activity;
®, exogenous activity. Exogenous activity is total activity minus endogenous activity. Panel 1: fetuin:
sialyl surface activity (fetuin minus N-acetylneuraminic acid; CMP—'*C-labeled N-acetylneuraminic acid
as substrates). Panel 2: fetuin:galactosyl surface activity (fetuin minus N-acetylneuraminic acid, galactose
UDP—[“C]galactose as substrates). Panel 3: fetuin: N-acetylglucosaminyl activity (fetuin minus N-acetyl-
neuraminic acid; galactose, N-acetylglucosamine as substrates). Panel 4: DN A synthesis during the cell
mitotic cycle as measured by incorporation of [ >H]thymidine into acid-insoluble material (®) and cell
number (Coulter counter; 2) in arbitrary units. A representation of the cell cycle is given above the four
panels [11—14]. Cells were released from mitotic block just before O h.

systems studied was essentially an S-peak enzyme in the L5178Y mitotic cell
cycle (that is, the enzyme had peak activity in the S-period of the cell cycle
and was not a ‘continuous’ or ‘step’ enzyme). Each enzyme showed a rather
distinct pattern: the sialyl-enzyme system, a broad peak of activity; the
galactosyl-enzyme system, a less broad peak of activity; and the N-acetyl-
glucosaminyl-enzyme system, a fairly sharp peak of activity in the S-phase.
Both endogenous (measurement of monosaccharide transfer onto the same
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or an adjacent cell glycoconjugate) and exogenous (measurement of mono-
saccharide transfer onto exogenously added glycoprotein, e.g. fetuin minus
N-acetylneuraminic acid) followed rather similar patterns of activity during
the cell mitotic cycle. There was virtually no activity of these ectoenzymes
during the M-periods.

It has previously been demonstrated that glycoprotein synthesis
occurs primarily in the S-phase of L5178Y cells and certain lipid/glycolipid
synthesis occurs specifically in non-S periods of the cell cycle [17]; these
results have recently been confirmed in KB cells [18]. Furthermore, total
cell glycoprotein:glycosyltransferases have been shown [19] to be cell mitotic
cycle S-peak enzymes, although activity distribution was somewhat different
and considerable activity was present in the M-phase [19]. Therefore, the
present results may merely reflect whole total (primarily Golgi) cell activity
patterns. However, consistent with the hypothesis that the ectoenzymes mediate
cell—cell adhesion, adhesion would be expected to be maximal during the
S-phase and minimal during the M-phase when indeed (a) cell adhesion to
glass or to other cells is negligible, (b) normal cell surfaces resemble
“malignant” cell surfaces, and (c) cells grown in monolayer round up [20—22].
Thus in the M-phase, when cell adhesion is minimal, activity of the presently
studied surface-active glycosyltransferases is also minimal.
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