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1. Introduction

We have previously shown [1] that the two sugar
nucleotides, UDP-N-acetyl-D-galactosamine and UDP-
N-acelyl-D-glucosamine, are enzymatically hydrolyzed
by normat hamister cell extracts to yield the free sugars
in two steps. In the first step, the sugar nucleotides are
split by a nucleotide phosphodiesterase activity to
UMP and the appropriate sugar-1-phosphate, and the
second enzymatic step then hydrolyzes the phosphm-
ylated intermediate sugar to the free sugars. We have
also shown that hamster cell lines transformed by Rous
sarcoma virus (RSV) or Simian virus 4{SV40) were
blocked in th= nucleotide phosphodiesterase activity,
whereas cell lines transformed by potyoma virus or af-
ter treatment with the chemical carcinogen dimethyl-
nitrnsamine (DMNA) were blocked 'in the second phos-
phohydrolase step. The present experiments were un-
dzrtaken to deterniine the hydrolysis of GDP-mannaose,
GDP-fucose and UDP-glucose in normal and these
transformed hamsier cells, and to further characterize
the phosphohydralase activity.

Qur resuits have shown that normal hamster cell ex-
tracts can hydrolyze in two steps these 3 sugar-nucleo-
tides in addition to UDP-N-acetyl-D-galac tosamine and
UDP-N-aceiyl-D glucosamine; that the block in the nu-
cleotide phosphodiesterase activity in. RSV and SV40
transformed cell applies to all 5 sugar nucleotides; and
that the phosphohydrolase that is blocked in l.ransfonn-
ed cells is an alkaline phnsphutase

Abbreviaiions:-

SV40: Simian virue 40 RSV: Rous sarcama virus; DMNA:
Dimeihyinitrosamine.
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2. Materials and methods

2.1, Cell lines .

The normal celle were secondary cultures of golden
hamster embryos. The transformed cells were lines of
golden hamster embryo cells transformed in vitro by
polyomu virus, or after treatment with the chemical
carcicngen DMNA 2] and lines derived from a SY40
and RSV-induced hamster tumor { Flow Laboratories,
Bethesda, Md.) [1] . Cells were cultured in Eagle's
medium with a 4-fold concentration of amine acids
and vitamins and 10% fetal calf serum. The cells were
always harvested 2—3 days after seeding 106 cells per
100 mn Petri dish and, unless otherwise stated, they
were all in a comparable growing non-confluent phase,
After removal of the medium, the cells were washed
in sitt with 0.1 M phosphate buffered saline scraped
from the Petri dish with a mbber policeman, collected
by centrifugation and washed with 0.1 M Tris-HCI

-buffer, pH 7.4. The pelleted cells were ruptured by

sonic vibration and suspended in 0.083 M Tn.; buffer
[1].

2.2 Materials

The sugar nucleoudes UDPA[U-"*C] glucose), GDP-
([U-'*C] mannose), GDP{[U-'*C] fucose), UDP{ |-
4] galactose), and UDP([U-'4C] glucoronic acid),
glucose substituted with a phosphate in carbon |, or
in carbon 6 and o-D-galactose [U-'*C]J -l-phusphate,
were from the Radiochemical Centre, Amersham; a-
D(+)mannose- |-phosphate, and D-mannase- 1-phosphz
te, and D-mannose-G-phosphate, D-galactuse—ﬁ-phns-
phate, alkaline phosphatase (from hog intestinal mu-
cosa), phosphodiesterase (from Crotalus edarnarteus
venom,type It), 3-phosphoglyceric acid and p-nitro-
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phenylphcslxhate were obta.med from 31gma Chemical

Company, St. Louis. All other saccharides and reagents -

were products of the highest purity availabie.

2.3. Assay for hydrolysis of sugar nucleotides

.The overall hydrolysis of UDP-glucose, GDP-mann-
ose and GDP—fucose by extracts of norma) and trans-
formed hamster cells, was assayed as follows: 160 ug
protein of cell extracts and 0.35 pmoles of the appro-
priate sugar nucleotide (70,000 cpm for GDP-mannose
gnd GDP-fucose and 100,000 cpin for UDP-glucose)
were ipcubated for 30 min at 37° in a total volume of
85 ul containing 2.5 pmoles Tris-HCl buffer, pH 8.6,
and 0.5 gmoles MnCl; . The reaction was stopped by
adding 10 g1 of a 1 M solution of ATP, Aliquots were
chromatographed on Whatman No. 3 MM paper with
ethylacetate—pyridine—-glacial acetic acid—water
(5:5:1:3), which will be referred to as solvent t, in a
descending system for 16 hr. Radioactive products -
on the paper were detected with a Packard radiochro-
matogram scarner {Model 7021) and the segments
were counted with toluene—phosphar solurion in a
Packard Tri-carb scintillation spectrometer.

1.4. Assay for alkaline phosphatase

The reaction mixture consisted of 0.1 M Tris-HCI
buffer, pH 9.4, or 0.05 M CAPS (cy<lohexylamino-
propane sulfonic acid) buffer, pH 10.4, 5 mM of either
p-nitrophenyliphesphate or 3-phosphoglyceric acid as
substrate, 4 mM MgCl; and 200 pg of celi extract pro-
tein in a final volume of O_I ml. After incubaiion at -
37" for 30 min, 0.2 ml of 10% trichloroacetic acid
were added. Inorganic phosphate was determined in
the supernatant as described [3], and activity was
expressed as pmoles P,f30 min per mg of protein. When
p-nitrophenylphosphate was used as substrate, the p-
ritrophenol Liberaled was estimated by measuring ab-
sorbance at 410 nm using a Zeiss Moadet PMQ II spec-
raphotometer: Alkaline phosphatase activity was
determined in situ in cells growing in culture by the
agarp-nitrophenylphosphate technique {4].

3Remlis and discussion

3.1. Hydrolysis of GDPinannese, GDP-fitcose and UDP-
- glucose by normal hamster cells
*-Incubation of the 3 sugar nucleotides with extracts .
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from nonnal hamnster cells for 10 min gave 3 radiuv-
active peaks on 1he chromatogram using solvent | (see
Materinls and methods). With GDF-mannasc and GDP-
fucose, material from the stowest moving peak was
identified by its R value as the non-hydrolyzed sugar
nucleotide. The fastest moving peak was identified
chromatopraphically as either free mannose or free
fucose. The third peak was identitied as the phosphate

. I-substituted mannose or fucose by the following pro-

cedure: After 40 ki chromatography of the reaction
mixture in solvent 1, the area of the third peak, which
was then well .-u-pnraled from the slowes: moving peak,
was eluted witli water and lyophilized. The lyophilized
material was incebaled for 15 min with 10 ug intesti-
nal alkaline phosphatase in sodiun-barbiturate buffer,
pH 8.6 with 0.01 M MgCl, . The material was then re-
chromatographed in solvent L, or in pyridine—butanol -
water{6:4:3), and the radivactivity was found exclusive-
ly in the region of free mannose or fucose, thus indicat-
ing that the intermediate peak is a phosphate contain-
ing sugar. Tlis phosphorylatéd sugar was identified

as either mannose-1-phospliate or fucose-1-phosphate
by its co-chromatography with the products of en-
2ymatic lydrolysis of GDP-mannouse or GDP-fucose

by a snake venom phosphodiesterase, which splits these
two sugar-nucleotides inte GMP and the appropriate
sugas- I-phosphate. The formation of mannose-1-phos-
phate rather 1than mannose-6-phosphate was also con-
firmed by co-chromatography with a commercial man-
nose- l-phosphate in butanol-acetic acid—water {4:2:1].
which clearly separales between the 2 phosphate deriva-
tives of mannose [5].

Incubation of UDP-giucose for 10 min wnth normal
hamster cell extracts, and chromatography of the reac-
tion mixture in solvent 1. also pave 3 peaks. The ma-
terial from the slowest peak was rechromatographed
in ethanol—ethylmethyikerone--0.5 M morpholinium
tetraborate, pH 8.6, in 0.0l M EDTA [6] and identi-
fied as UDP-giucose, No UNP-gilrctose or UDP-glhico-
ronic acid was detected, so that there was no epimeri-
zation or oxidation of UDP-glucose in the exiracts of
hamster cells under these conditions, The fastest peak
was identified as free glucose. and there was no galac-
tose fommed as determined by chromatography with
pyridine—butinol--water (6:4:3) on paper previously
treated with 0.02 M Borux. The third peak obtained
in solvent 1 was eluted fromn the paper and re-chroma-
tographed for 24 hr in methylcellosolve—inethylethyl-
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: -S-usa. -lcleoude h:,vdrolysu by extram of normal and tmnsformed lmnner celll. T e
Hydrolysis - - Cell types - ] ‘
producis® : = — ——— —
(cpm) _ Transformed by: R s
. Normal Simian virus 40 "R{Jus_.sa'rﬁrpa - Polyoma . Dlmethvl
: - viray e virus " mitros.
- amine
GMP-mannose 210° 37900 38040 - 23100 . 800
Mannosc-1-phosphate - 1490 - : 820 400 - - 163090 . 31600 -
Mannose 36400 1020 300 . . 120 - 40
GMP-fucase 470 36400 1900 . . 20400 10400
Fucose-1-phosphate 3200 - 1800 580 - 18900 28900
Fucose 35800 1730 1030. - 140 . .70
UDP- glucose 180 36310 - 38000 . 19020 - 6200
Glucose-1-phosphate ) 320 - . 2710 180 . 25C0 3040
Glucose-6-phosphate 5240 1600 800 182130 29300
Ghucose 7 33800 1400

' IOID .11 ) S 100

* The extmcts were incubated for 30 min as described in Matcna.ls and methods.

ketone—3 N amunonium hydroxide (7:2:3) saturated
-with boric acid {7]. Two radioactive peaks were ob- -
tained and identified as glucose-1- phosphate (R.1. 0)
and glucose-6-phosphate (R, 0.38). The interconver-
sion of glicose-1-phosphate and glucose-6-phosphate
by a phophoglucomutase is shown in table 1 and the
results indicate that there was a preferential accumu-
lation of the 6-substituted phosphate sugar.

In addition to the radioactive products that wer2
formed upan hydrolysis of the 3 sugar nucleoctides,
there was also a non-radjoactive peak detected on chro-
matograms developed with ethanol—1 M ammonium
acetate, pH 7.5 (7:3, v/v). Depending on the hydrolyzed
sugar-nucleotide, the non-radioactive product was char-
acterized as uridine or guancsine. The formation of -
uridine and guanosine as a degradation product of UMP
and GMP by enzymes such as 5"-nucleotidase [8] was
blocked by adding 5 X 10— M of an inhibitor, p-chlo-
romercuribenzoate, to the reaction mixtire. The level -
of hydrolytic activities was the same in normal hamster
cells harvested either in their growing or in confluent
non-growing phase.
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3.2, Blocks i the hydro{vs::r of GDP—nmnnuse. GDP-
Jucose and UDP-glucose in transformed cells
Extracts from hamster cells transformed by RSV,
SV40 polyoma virus or after treatment with DMNA,
were tested for their ability to hydrolyze GDP- mann-
ose, GDP-fucose and UDP-glucose. Whereas about 83

95% of the input radicactive material was converted

to the free sugar by extracts of normal hamster cells,
there was only 0.1--3% of such conversion by the ex-
traces from transformed cells (table 1). The mixing of
extracis from normal and transformed cells did not .
inhibit the abili'ly of nommal cell exrtracis to hydrolyze
the sugar nucleotides 1o free sugars. The block in uver-

-all hydrolysis in transformed celis was therefore ap-

parently not due 1o increased levels of inhibitors in
these cells. Results obtained with different times of
incubation with GDP-mannose have shown that in
normal cells a nuclcotid: phosphodiesterase activity
resulted in accumulation: of the intermediate product,
mannose- l-phosphate, which was then hydrolyzed by

.a phosphohydrolase activity to the free mannose (fig.
-1}, In polyoma and DMNA transformed cells, the

mannose- |-phosphate accumulated due 1o an almost
complete block in the second hydrolytic step. Similar
results t~ those in fig. 1| were obtained with GDP-fucos
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Fig. 1. Hydrolvsis of GCDP-mannose and the formation of
mannosc-1-phosphatc and mannose by hamster normal and
transformed calls, Incubation conditions as in Materials and
methods. (6 —s—e) GDP-mannose; (o—o—o) mannose-1-phos
phate; {(&—a—a) mannose. H = hamsler.

gnd UDP-glucose. [n order to deterimine whether the
“block in SV40 and RSV transformed cells (fig. ) was
in tke first or second hydrolytic step, extracts of cells
weee incubated with exogenons sugar-1-phosphate.
These extracts hiydrolyzed the sugar-1-phosphate into
free sugar, 30% and 50%, respectively, of the hydroly-
sis found with extracts of normal cells. The RSV and
SV4Q tranisformed lines, were therefore, presumably
blocked in the nucleotide phosphodiesterase activity.
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Table 2

Alkaline phosphare activity in extracts of normal and trans-
formed hamster cells.

Cell 1¥pes {zmoles p-NP/ (pmoles Py
mg protein/ mg protein/
30 min*) 30 min**)
MNormal 24.1 6.7
Transformed by: ) .
" Simian virus 40 8.4 1.9
Reus sarenma virus 3.2 0.8
Polyoma virus 0.09 0.02
Dimethy lnitrosamine <0.04 <0.0L

* p-Nitrophenylphoesphate as substcale.
** 3-Phosphoglyceric acid as subsizate.

3.3. Block in alkaline phosphatase activity in rrans-
forted cells

Iti view of the present and previous results [ 1], that
hydrolysis of the intermediate phosphorylated sugar
compounds can be blocked in transformed cells, cell
extracts were incubated with the two non-sugar phos-
phorous compounds, p-nitrophenylphosphate and
3-phosphoglyceric acid. Nomal ¢ells hydrolyzed bath
these substrates to free phosphor at alkaline pH, duc
to g phosphittase activity, and wilh transformed cells,
there was almost a compiete bloek in the polyoma and
DMNA transformed cells, and a markedly tower than
normal activity in the S¥40 and RSV transformed
cells (table 2). The difference in alkaline phosphatase
activity was similar in growing and confiuent irans-
formed cells and was not associaied with any differ-
ence in acid phosphatase activity, as measured by the
methaod of Hubscher and West [7].

Alkaline phosphatase activity was also determined
in sitw on ¢ells growing as colonies by- the agar p-nitro-
phenylphosphate technique [4] at 10 days after seed-
ing. There were no colonies with detectable alkaline
phosphatase in 50,000 colonies from the DMNA
transformed line, and there were 0.02% and 3% colo-
nies with detectable enzyme in the polyoma and SV40
transformed lines, respectively. The predominantly
enzyme-negutive population of the 2 latter cell lines
therefare contained some atkaline phosphatase paosi-
tive cells. [t will be of interest to determine the reta-
tionship between other cejlular properties, and the
presence or absence of alkaline phosphatase.
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