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ABSTRACT

Human choriocarcinoma cells, the malignant trophoblasts, synthesize
germ cell alkaline phosphatase (GCAP) which shares 98% sequence
identity with the placenta! alkaline phosphatase (AP). The two isozymes
are immunologically similar but react differentially toward inhibition by
i.-leucine or EDTA. Administration of sodium butyrate to choriocarci
noma cells greatly increased the transcription rate of the GCAP gene,
resulting in an increase in mRNA expression and enzyme biosynthesis.
The butyrate-modulated AP induction was blocked by cycloheximide,
suggesting that a mediator protein may be involved. Protein sequence
deduced from complementary DNA analysis suggests that GCAP con
tains two potential sites for asparagine (iV)-linked glycosylation. The
marked increase in GCAP expression by butyrate in choriocarcinoma
cells allowed us to study the extent of A'-linked glycosylation and its role

on GCAP enzyme activity. After limited tunicamycin treatment, M,
65,000 (fully processed), M, 58,000 (nonglycosylated), and M, 62,000
polypeptides were synthesized by these cells in the presence of butyrate.
This suggests that the M, 62,000 product may be the singly glycosylatcd
GCAP monomer and that both sites are glycosylated in this phosphatase.
The glycosylated and nonglycosylated GCAPs, synthesized by butyrate-
treated choriocarcinoma cells in the absence or presence of tunicamycin,
respectively, were similarly inhibited by i.-leucine or EDTA. Moreover,
the specific enzyme activity of glycosylated and nonglycosylated GCAP
remained unchanged, indicating that AP lacking /V-linked oligosaccharide
side chains was catalytically active. This is supported by the finding that
nonglycosylated GCAP incorporated inorganic phosphate which binds to
the active site of AP. Since the active form of AP is a homodimer, our
data indicate that the glycan moieties are not required for the dimerization
and catalytic activity of GCAP.

INTRODUCTION

The existence of four AP2 genes in humans has been dem

onstrated by genetic and biochemical analyses (1,2) and, re
cently, by molecular cloning (3-7). The liver/bone/kidney AP
gene (7), which is located on chromosome 1 (8), is structurally
distinct. However, the structures of PLAP (3), GCAP (4, 5),
and intestinal AP (6) genes, which are linked on the long arm
of chromosome 2 (6, 9, 10), are very similar. Sequence analysis
of these three genes led to the conclusion that they exist as a
result of gene duplication (5). GCAP and PLAP share 98%
sequence identity and possess similar immunological reactivi
ties, but they can be distinguished by their differential sensitiv
ities toward EDTA and the uncompetitive inhibitor L-leucine
(11, 12). PLAP is primarily expressed in human placenta,
beginning late in the first trimester of pregnancy (13, 14).
GCAP is normally found in trace amounts in the testis (15) and
thymus (16) and in elevated levels in serum of patients with
germ cell tumors (17, 18). Cell lines derived from human
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choriocarcinoma, an extraembryonic germ cell tumor, also ex
pressed this gene (19). This suggests that malignant transfor
mation of placenta inactivates PLAP but activates GCAP
expression. Accordingly, human choriocarcinoma cell lines
were used for studying the molecular mechanisms that regulate
expression of the GCAP gene.

Human choriocarcinoma cell lines express low levels of the
GCAP gene; expression has been shown to be greatly induced
by sodium butyrate (20). This short-chain fatty acid increased
GCAP mRNA levels, resulting in an increase in enzyme bio
synthesis and total phosphatase activity (19, 20). In the present
study, we examined the transcription rate of the GCAP gene in
choriocarcinoma cells grown in the absence or presence of
butyrate. We showed that butyrate increases the GCAP gene
transcription rate, demonstrating that control of GCAP expres
sion by butyrate is at the level of transcription.

Mammalian APs exist as dimers of identical glycopolypep-
tides (21). In GCAP and PLAP, the positions of the two
asparagine (A')-linked glycosylation sites are conserved (3, 4, 9,

19), suggesting that these oligosaccharide side chains may play
functional roles. The glycan moieties of glycoproteins have been
shown to play important roles including the maintenance of
polypeptide conformation and solubility, protection of the poly-
peptide chain from proteolytic degradation, and signals for
intracellular sorting and externalization (for reviews, see Refs.
22 and 23). More recently, oligosaccharide side chains have
been shown to be essential for the catalytic activity of human
lipoprotein lipase (24) and the assembly and secretion of human
chorionic gonadotropin (25). Using tunicamycin to inhibit the
addition of A'-linked carbohydrates to GCAP in choriocarci

noma cells (26), we showed that the degradation rates of gly
cosylated and nonglycosylated forms of this phosphatase were
similar. Thus, the stability of GCAP appears unaltered after
eliminating its A'-linked oligosaccharide side chains. In the

present study, we examined the role of glycan moieties in
maintenance of the catalytic activity of GCAP. We showed that
GCAP lacking A'-linked oligosaccharide side chains was enzy-

matically active and indistinguishable from the parental enzyme
in physiochemical properties.

MATERIALS AND METHODS

Nucleic Acid Hybridization Analysis. JEG-3 choriocarcinoma cells
were grown at 37Â°Cin Â«-modifiedminimal essential medium supple

mented with streptomycin, penicillin, and 4% fetal bovine serum. For
GCAP mRNA expression, near confluent cultures (after 4-5 days of
growth) were treated with sodium butyrate (2 mM), cycloheximide (0.1
/jg/ml), tunicamycin (1 ug/m\), butyrate plus cycloheximide, or butyrate
plus tunicamycin for 2 days and were then lysed for RNA isolation.

Total RNA was extracted by the guanidinium thiocyanate method
of Chirgwin et al. (27) and poly(A)+ RNA was obtained by oligo(dT)-

cellulose chromatography. RNA was separated by electrophoresis in
1.2% agarose gels containing 2.2 M formaldehyde (28) and transferred
to Zetabind membranes (AMF. Meriden, CT). The filters were hybrid
ized with a nick-translated, 12P-labeled, 568-base pair Sstl-Sstl insert

of a genomic clone containing nucleotides 2233-2800 of the GCAP
gene (19) or a probe containing the 3'-EcoRI-AamHI fragment of the
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human /3-actin gene (29). Hybridization in the presence of dextran
sulfate and washing were performed as previously described (19).

Transcription Assay. Nuclei were isolated essentially as described by
Clayton and Darnell (30). Briefly, cells were homogenized at 4Â°Cin 10

volumes of 10 HIMTris-HCl, pH 7.4-10 mM NaCl-3.5 mM MgCl2-150
mM KC1-14 mM 2-mercaptoethanol-0.5% Nonidet P-40. Nuclei were
pelleted by centrifugation at 1,000 x g for 5 min, stored (2-4 x IO7
nuclei/ml) in 20 mM Tris-HCl, pH 7.4-4 mivi MnCl2-l mM MgCl2-5
mM dithiothreitol-0.5 mM spermidine-60% glycerol, and used within 1
week after isolation. Rates of RNA transcription were measured with
250 MCiof [32P]UTP (3000 Ci/mmol; New England Nuclear Products,
Boston, MA) in 40 mM Tris-HCl, pH 8.3-150 mM NH4Cl-7.5 mM
MgCl2-l mM each of ATP, CTP, GTP containing 2-4 x IO7nuclei in
a total volume of 400 M'and incubated at 27Â°Cfor 35 min. a-Amanitin,

when present, was at 1 Mg/m'- RNA synthesis was terminated by
incubating with RNase-free DNase (62.5 Mg/ml) for 15 min at 37Â°C,

followed by incubation with proteinase K (1 mg/ml)-heparin (3 mg/
ml)-10 mM Tris-HCl, pH 7.4-15 mM EDTA-3% SDS for 3 h at 42Â°C.

RNA was purified by phenol/chloroform extraction, trichloroacetic
acid, and alcohol precipitation, DNase treatment, then solubilized in
10 mM Tris-HCl, pH 8-1 mM EDTA, and used for hybridization to
solid-phase plasmici DNA.

GCAP genomic clones (19) containing exons 1-9 (10 Mg/slot), the
3'-Â£coRI-AamHI fragment of the human /3-actin gene (10 Mg/slot), or

plasmid pUC19 (10 Mg/slot) were boiled in 0.2 N NaOH for 5 min,
adjusted to 6x SSC and applied onto a Zetabind membrane using a
slot blot (Manifold II, Schleicher and Schuell, Keene, NH). Filters were
UV cross-linked with a Stratagene cross-linker (Stratagene Cloning
Systems, La Jolla, CA) and hybridized for 72 h at 42Â°Cin 5x SSC,

50% formamide, 10% dextran sulfate, 1% SDS, 0.02% each of Ficoll,
polyvinylpyrrolidone, and bovine serum albumin, 200 mg/ml sonicated
salmon sperm DNA, 100 Mg/ml poly(A), and 5 x IO6cpm/ml of labeled

nuclear RNA. After hybridization, filters were washed as described for
Northern filters.

Biosynthesis of Alkaline Phosphatase. JEG-3 cultures grown in the
absence or presence of tunicamycin (1 Mg/ml) or butyrate (2 mM) were
labeled with L-[35S]methionine (100 MCi/ml; ICN Biochemicals, Inc.,

Lisle, IL) for 3 h. GCAP polypeptides in cell extracts were isolated by
immunoprecipitation with rabbit antiserum to PLAP (20) and analyzed
by 10% polyacrylamide-SDS gel electrophoresis and fluorography.
Apparent molecular weights were determined using [14C]methionine-

labeled protein standards (Amersham Corp., Arlington Heights, IL).
[â€¢"P]PhosphateBinding. JEG-3 cells were grown in the presence of

butyrate (2 mM) or butyrate plus tunicamycin (1 Mg/ml) for 2 days and
GCAP was partially purified from cell extracts by butano! extraction
and acetone precipitation as previously described (14). PLAP was
isolated from human term placenta. APs were labeled by incubation
with carrier-free H332PO4(New England Nuclear) at pH 5 following
the procedure of Milstein (31). The 32P-labeled APs were isolated by
immunoprecipitation and analyzed by polyacrylamide-SDS gel
electrophoresis.

Alkaline Phosphatase Assay. AP activity was measured by the release
of p-nitrophenol from /7-nitrophenyl phosphate at pH 10.7 and 37Â°C

(14). By definition, 1 unit of enzyme releases 1 Mmolofp-nitrophenol/
min. Enzyme activities between treatments were compared using Stu
dent's t test.

Radioimmunoassay. GCAP in cell extracts was determined by a
double-antibody radioimmunoassay as previously described (20). Puri
fied PLAP was used as the standard and radioligand in the assay. The
statistical methods of Rodbard (32) were used for quality control and
dose interpolation.

RESULTS

Sodium Butyrate Induces GCAP Gene Expression. In earlier
studies (19, 20), we showed that GCAP synthesis, total phos-
phatase activity, and mRNA expression were increased by so
dium butyrate in JEG-3 choriocarcinoma cells. To determine
whether the butyrate-mediated activation requires protein syn-
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Fig. I. Effects of cycloheximide on GCAP induction by sodium butyrate. JEG-
3 choriocarcinoma cells were grown in the absence or presence of cycloheximide
(CX, O.I ng/ml), butyrate (2 mM), or butyrate plus cycloheximide for 2 days and
were then lysed for RNA isolation. Poly(A)* RNA (5 ng/lanc) was separated by

agarose gel electrophoresis, transferred to Zetabind, and hybridized with a GCAP
probe as described in "Materials and Methods." After removing bound GCAP by
washing the filter in 95% formamide (60Â°Cfor 30 min), the filter was rehybridized
with a human /3-actin probe.

thesis, we examined the effects of cycloheximide on GCAP
induction. This inhibitor of protein synthesis had no effect on
GCAP mRNA in control cultures but markedly inhibited the
butyrate-induced GCAP mRNA expression, suggesting that
protein synthesis is required for this induction (Fig. 1).

The observed stimulation in GCAP mRNA levels by sodium
butyrate may be the consequence of an increased rate of gene
transcription, a change in mRNA stability, or a combination of
both. Transcription rates of the GCAP gene were determined
in isolated nuclei prepared from JEG-3 cells grown in the
absence or presence of butyrate (Fig. 2). Only low rates of
GCAP gene transcription were detected in control cultures.
However, in the presence of butyrate, the GCAP gene transcrip
tion rate was increased approximately 10-fold. The increase in
transcription rate paralleled the corresponding increase in the
steady-state level of GCAP mRNA, suggesting that butyrate

induces GCAP synthesis by primarily increasing its rate of
transcription. To show that butyrate preferentially increases
GCAP transcription, we also determined the transcription rate
of the ÃŸ-actingene. Results in Fig. 2 showed that the /3-actin
gene transcription was not increased by butyrate. However, the
transcription rates of both GCAP and ÃŸ-actinwere sensitive to
a-amanitin, an inhibitor of RNA polymerase II.

Effects of Tunicamycin on GCAP mRNA Levels and Biosyn
thesis. We previously showed that tunicamycin, a protein gly-
cosylation inhibitor (33), suppressed GCAP synthesis in chorio
carcinoma cells (26). However, the half-lives of the nonglyco-
sylated phosphatase synthesized in the presence of tunicamycin
were similar to the glycosylated monomer, suggesting that the
stability of GCAP was not altered after removing its sugar side
chains. To further investigate the action of tunicamycin, we
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Fig. 2. Effects of sodium bulyrale on tran-
.iiipn.in.il activity of the GCAP gene. JEG-3
choriocarcinoma cells were grown in the ab
sence or presence of butyrate (2 mM) for 2
days, and rates of RNA transcription in iso
lated nuclei were determined as described in
"Materials and Methods." a-Amanitin, when

present, was at I â€žunii.
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examined GCAP mRNA expression and biosynthesis in control
and but> rate-treated choriocarcinoma cells in the absence or
presence of this antibiotic. Tunicamycin caused an approxi
mately 4-fold reduction in GCAP mRNA levels in control
cultures and a 3-fold reduction in butyrate-treated cultures (Fig.
3/4). However, GCAP mRNA levels in cells grown in the
presence of both butyrate and tunicamycin were at least 4-fold
higher than the levels in control cultures. Thus, tunicamycin
did not prevent GCAP induction by butyrate.

In agreement with Northern analysis, GCAP synthesis was
greatly induced by butyrate, but induction was partially blocked
by tunicamycin (Fig. 3B). An A/r 65,000 polypeptide (Cl and
Bl) was synthesized in control and butyrate-treated choriocar

cinoma cells in the absence of tunicamycin and an M, 58,000
polypeptide (Tl and B1T1) in the presence of this antibiotic.
To determine whether both of the potential TV-linked glycosy-
lation sites were utilized in GCAP, phosphatase synthesis was
examined in cells which had been pretreated 1 day with tuni
camycin (Fig. 3ÃŸ).In the simultaneous presence of tunicamycin
and butyrate (Tl to BITI or TI to B2T2), an M, 58,000
polypeptide again was the only product synthesized. However,
if tunicamycin was removed after the first day, JEG-3 cells
synthesized an M, 58,000 nonglycosylated and an M, 62,000
polypeptide after 1 day of butyrate treatment (Tl to Bl) and a
mixture of M, 65,000 (fully glycosylated), 58,000, and 62,000
polypeptides after 2 days of butyrate treatment (Tl to B2). Our
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Fig. 3. Effects of tunicamycin and sodium butyrate on GCAP mRNA expression, biosynthesis, and phosphate binding. A, GCAP mRNA expression. JEG-3
choriocarcinoma cells Â»eregrown in the absence or presence of tunicamycin (TM. I /jg/ml), butyrate (2 m\i). or butyrate plus tunicamycin for 2 days and were then
lysed for RNA isolation. Poly(A)* RNA (5 Â¿ig/lanc)was separated by agarose gel electrophoresis, transferred to Zetabind. and hybridized with a GCAP probe as
described in "Materials and Methods." B. GCAP enzyme synthesis. JEG-3 cells were grown in control (CI) medium or medium containing tunicamycin (Tl, I /Â¿g/
ml), bulyrate (HI, 2 msi). or butyrate plus tunicamycin (HITI) for I day and were labeled with [J5S]methionine for 3 h. Alternatively, cells Â»erepretreated with
tunicamycin for I day, washed twice with phosphate-buffered saline, and then treated with either butyrate or bulyrate plus tunicamycin for 1 (Tl â€”>Bl or Tl â€”Â»
T1B1) or 2 (Tl â€”>H2 or Tl â€”>T2B2) more days. At indicated times, cells were labeled with |"S]methionine for 3 h. GCAP polypcptides in cell extracts were isolated
by immunoprecipitalion with rabbit anti-Pi.AP serum and analy/cd by SDS-polyacrylamide gel electrophoresis. C, "P labeling. Partially purified GCAP was isolated
from JEG-3 cells grown for 2 days in the presence of cither sodium butyrate (2 mM) (GCAP) or butyrate plus tunicamycin (I ng/ml) (GCAP/TM). PLAP was purified
from human term placenta. The phosphatases were labeled by phosphate binding as described in "Materials and Methods." The labeled GCAP and PLAP polypeptides
were isolated by Â¡mmunoprecipilation with rabbit anti-PLAP serum and analyzed by SDS-polyacrylamide gel electrophoresis.
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GCAP REGULATION AND EFFECTS OF GLYCOSYLATION

Table 1 Effects of i.-leucine, i.-phenylalanine, and EDTA on AP activities
JEG-3 choriocarcinoma cells (near confluence) were treated with butyrate (2

HIM)or butyrate plus tunicamycin ( I Mg/nil) for 2 days and cell extracts, prepared
as previously described (20), were used for measurement of enzyme activity.
Tunicamycin-treated cultures were pretreated with tunicamycin for I day before
the addition of butyrate plus tunicamycin. The concentration of L-leucine, L-
phenylalanine. or EDTA was 10 mivi.

CompoundL-Leucine

L-Phenvlalanine
EDTAButyrate77

Â±5Â°

70Â±876
Â±7GCAPButyrate/Tunicamycin81

Â±6
76Â±371

Â±8FLAP29

Â±2
68 Â±4
11 Â±5

Â°Mean % inhibition Â±SE.

Table 2 Effects of sodium butyrate and tunicamycin on GCAP activity
in JEG-3 cells

JEG-3 choriocarcinoma cells (near confluence) Â»eretreated with butyrate (2
niM) or butyrate plus tunicamycin (1 ng/ml) for 2 days and cell extracts, prepared
as previously described (20), were used for measurement of enzyme activity and
immunoactivity. GCAP enzyme activity was expressed as milliunit/mg cellular
protein and immunoactivity was expressed as ng of GCAP protein estimated by
radioimmunoassay/mg cellular protein. Specific activity is the ratio of enzyme
activity to immunoactivity.

TreatmentButyrate

Butyrate/tunicamycinActivity170.4

Â±9.2Â«

82.1 Â±4.6Immunoactivity

Specificactivity218.

102.I
Â±5.7

1 Â±3.40.780.80"
Mean Â±SE.

results suggest that the M, 62,000 polypeptide may be the singly
glycosylated AP monomer and that both A'-linked glycosylation

sites were utilized during GCAP processing.
Effects of Tunicamycin on the Catalytic Activity of GCAP. It

has been demonstrated that GCAP is similar to FLAP in its
sensitivity to L phenylalanine but is more sensitive than the
placenta! enzyme toward L-leucine and EDTA inhibition (11,
12). To assess the role of /V-linked oligosaccharide chains in
the catalytic activity of GCAP, we examined the effects of the
above mentioned agents on enzyme activities of the glycosylated
and nonglycosylated GCAPs. GCAP activities of butyrate (gly
cosylated)- and butyrate/tunicamycin (nonglycosylated)-treated
cells were similar: both forms were more sensitive than PLAP
to L-leucine and EDTA inhibition (Table 1). Thus, removal of
the oligosaccharide side chains from GCAP did not alter its
physiochemical properties.

To examine whether GCAP lacking Â¿V-linkedoligosaccha-
rides retains similar catalytic activity, the specific enzyme activ
ity in cells grown in the presence of butyrate or butyrate plus
tunicamycin was determined (Table 2). The specific enzyme
activity was the ratio of phosphatase activity over the amount
of GCAP protein as estimated by radioimmunoassay. Although
tunicamycin decreased total GCAP enzyme activity, this anti
biotic did not alter the specific activity of the enzyme, demon
strating that GCAP lacking /V-linked sugars is equally active as
the glycosylated GCAP.

To further demonstrate that nonglycosylated GCAP retains
phosphatase activity, partially purified GCAPs from butyrate
(glycosylated)- or butyrate/tunicamycin (nonglycosylated)-
treated cells were incubated with [12P]phosphate which binds

the active sites of APs. Results in Fig. 3C showed that both
glycosylated (M, 65,000) and nonglycosylated (M, 58,000)
GCAPs incorporated ['2P]phosphate, again suggesting that

both forms of GCAP are enzymatically active.

DISCUSSION

It is well established that a placenta-like GCAP is present in
testis (15), thymus (16), and germ cell tumors (17, 18). How

ever, its existence as a separate gene product was confirmed
only after the isolation and characterization of complementay
DNA and genomic clones encoding this enzyme (4, 19). It was
found that cell lines derived from human choriocarcinoma
expressed the GCAP gene (19), in contrast to human placenta
which primarily expressed the PLAP gene. Thus, malignant
transformation of human placenta activates expression of the
GCAP gene. Study of GCAP function and regulation in chorio
carcinoma cells should yield insight into the transformation
processes. We previously showed that sodium butyrate in
creased GCAP mRNA expression, resulting in an increase in
enzyme synthesis and total phosphatase activity (19, 20). Re
sults from this study demonstrate that sodium butyrate stimu
lated the transcription rate of the GCAP gene. The increase in
transcription rate paralleled the increase in mRNA expression,
demonstrating that control of GCAP expression by sodium
butyrate occurs primarily at the level of gene transcription.

Butyrate is a potent inhibitor of deacetylase and produces
hyperacetylation of core histones (34, 35). This short-chain
fatty acid has been shown to induce growth arrest, cell differ
entiation, and expression of a variety of mammalian genes (for
reviews, see Refs. 36 and 37). Although the molecular mecha
nisms of butyrate action are currently unknown, recent reports
suggest that it may be mediated through certain transcription
factors (38, 39). Butyrate increased the permissivity of neuro
blastoma cells to herpes simplex virus by inducing transcription
of the viral immediate early genes (38). Moreover, this short-
chain fatty acid was shown to induce HIV type 1 gene expres
sion, and the butyrate-inducible region has been located in the
viral long-terminal repeat (39). The butyrate-mediated induc
tion of HIV genes was sensitive to cycloheximide treatment,
and it was suggested that this induction may be the result of
interaction of butyrate with cellular transcription factors that
bind to the HIV-long-terminal repeat. The transcriptional con
trol of GCAP expression by butyrate and its sensitivity to
cycloheximide suggests that cellular transcription factors may
also be involved in this induction.

Human APs are membrane-bound proteins which exist as
dimers of identical glycopolypeptide subunits (21). Sequence
analysis indicated that there are two potential A'-linked glyco

sylation sites in each of the GCAP or PLAP monomer (9, 19).
However, Millan (40) suggested that only one of the glycosy
lation sites in PLAP was being utilized. In the present study,
we showed that three GCAP monomers of M, 65,000, 62,000,
and 58,000 were produced by choriocarcinoma cells after a
limited tunicamycin treatment. The M, 65,000 and 58,000
polypeptides represent the fully glycosylated and nonglycosy
lated monomers, respectively. The M, 62,000 polypeptide ap
pears to be the singly glycosylated monomer. A GCAP mutant
lacking one of the glycosylation sites which was generated by
site-directed mutagenesis was shown to migrate as an M, 62,000
product.3 Our results suggest that both sites in GCAP were

glycosylated. We previously showed that the glycosylated and
nonglycosylated GCAP and PLAP had similar apparent molec
ular weights (19), suggesting that both glycosylation sites may
also be utilized in the PLAP.

Although both sites may be glycosylated in GCAP, one site
appears to be preferentially utilized. The M, 62,000 and 58,000
polypeptides, but not the M, 65,000 product, were primarily
produced in the absence of tunicamycin by choriocarcinoma
cells which had been pretreated with this antibiotic. Alterna
tively, our data may suggest that protein glycosylation proceeds

1T. Watanabc and J. Y. Chou, unpublished results.
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progressively; the doubly glycosylated phosphatase formed only
after one of the glycosylation sites was occupied.

The TV-linkedoligosaccharide chains have been shown to play
a variety of functional roles (22, 23). Previous studies have
shown that the stabilities of glycosylated and nonglycosylated
GCAP were similar, thus the sugar glycans are not required for
protecting the polypeptide chain from proteolytic degradation
(26). We now present evidence demonstrating that the TV-linked

oligosaccharide side chains do not play an essential role in
maintenance of phosphatase activity. First, both glycosylated
and nonglycosylated GCAPs were equally sensitive to L-leucine,
L-phenylalanine, and EDTA inhibition. Second, the nonglyco
sylated GCAP synthesized in the presence of tunicamycin re
tained the same specific enzyme activity as the fully processed
enzyme. Since it is the dimer, not the monomer, that is enzy-
matically active, our data indicate that removing the TV-linked
oligosaccharide side chains had no adverse effects on GCAP
dimerization. Third, nonglycosylated GCAP, like the parental
enzyme, binds inorganic phosphate which phosphorylated the
enzyme active site. It appears that the glycan moieties are not
essential for maintenance of catalytic activity of GCAP. The
oligosaccharide side chains may play a role in GCAP membrane
anchoring and externalization, although this remains to be
elucidated.
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