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ABSTRACT. Culture of isolated rat islets at either 5.5 or 11 mM glucose for up to 6 days was associated with
significant time-dependent increases in glyceraldehyde 3-phosphate dehydrogenase (G3PD) activity of islet
homogenates compared with freshly isolated islet G3PD activity. In addition, after 6 days of culture of islets at
11 mM glucose, there was a significant increase in G3PD activity compared with the enzyme activity of islets
cultured at 5.5 mM glucose. Culture of islets at 5.5 mM glucose for 2 days in the presence of forskolin,
3-isobutylmethylxanthine (IBMX), and 8-bromo-cyclic AMP also significantly increased G3PD activity com-
pared with control islets, although there was no change in enzyme activity after only 1 day of culture with
forskolin. Treatment with forskolin was associated with an increase in the V,_,, of G3PD, but no change was
observed in the apparent K, with NAD. IBMX and 8-bromo-cyclic AMP also increased G3PD activity in islets
cultured at 11 mM glucose for 2 days. 8-Bromo-cyclic AMP did not affect or inhibit G3PD activity when added
directly to islet homogenates. Islets cultured with 8-bromo-cyclic GMP for 2 days at 5.5 or 11 mM glucose did
not show changes in G3PD activity. Increases in G3PD activity did not correlate with significant changes in islet
glucose utilization. Thus, G3PD activity is modulated by the duration of glucose stimulation in cultured islets,
and cyclic AMP may mediate changes in G3PD activity in islet cells. BIOCHEM PHARMACOL 52;5:793-799, 1996.

KEY WORDS. cyclic AMP; forskolin; carbohydrate

Glyceraldehyde phosphate is a glycolytic intermediate and
potent insulin secretagogue from pancreatic islets [1, 2].
Recent evidence suggests that the oxidation of glyceralde-
hyde 3-phosphate by G3PD? plays an important role in the
production of NADH which increases the production of
ATP in B-cells [3]. The glucose-stimulated increase in ATP
closes the ATP-sensitive K* channel, leading to B-cell de-
polarization and opening of voltage-dependent Ca®* chan-
nels which trigger insulin secretion [4]. Glyceraldehyde
phosphate appears to stimulate the early phase of insulin
secretion which requires a minimal supply of cytosolic en-
ergy [2]. The observation that an inhibitor of G3PD activ-
ity, iodoacetate, completely prevents the glucose-induced
closure of the ATP-dependent K* channel and insulin se-
cretion [1, 2] suggests that NADH is a critical intermediate
in glucose-stimulated insulin release.

Isolated pancreatic islets cultured at 11 mM glucose for
up to 6 days have been reported to have increased basal
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insulin release and reduced glucose sensitivity with regard
to insulin secretion [5]. In vivo studies have also described
elevated basal insulin secretion and reduced glucose sensi-
tivity of islets from rats rendered hyperglycemic for pro-
longed periods [6, 7]. In addition, it has been reported that
adule rats fed a high carbohydrate diet during the neonatal
period are hyperinsulinemic, they have reduced glucose
sensitivity in the glucose tolerance test, and their isolated
islets have increased G3PD activity [8, 9]. In this study,
cultured islets were investigated to determine whether
G3PD activity was sensitive to glucose stimulation and
other cell stimuli over the long term.

MATERIALS AND METHODS
Materials

Collagenase type P was obtained from Boehringer Man-
nheim (Indianapolis, IN). p-[5-°H]Glucose was from
American Radiolabeled Chemicals, Inc. (St. Louis, MO).
All other reagents were reagent grade and purchased from
the Sigma Chemical Co. (St. Louis, MO). Rat insulin ra-
dioimmunoassay standard was a gift from the Eli Lilly Co.
(Indianapolis, IN).

Tissue Preparation and Experimental Design

Pancreatic islets were isolated from male Sprague—Dawley
rats (225-280 g) using a collagenase digestion of the pan-
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creas, as described previously [5]. Isolated islets were either
homogenized immediately for determination of enzyme ac-
tivity, or they were placed in primary tissue culture as de-
scribed previously [5]. The culture medium, CMRL-1066,
contained 2 mM glutamine, 10% heat-inactivated fetal bo-
vine serum, penicillin (100 U/mlL), streptomycin (100 g/
mL), and either 5.5 or 11 mM glucose. The islets were
cultured in a humidified atmosphere of 5% CO,-95% air at
35° for up to 6 days. The culture medium was replaced
every other day.

Following culture, the islets were transferred to plastic
microfuge tubes. The culture medium was removed, and
KRB buffer (pH 7.4) containing 16 mM HEPES, 0.01%
bovine serum albumin, and 5.5 or 11 mM glucose to match
the primary culture glucose concentration of each group of
islets was added. The islets were incubated at 37° in an
atmosphere of 95% O,-5% CQO, for 1 hr. Then, the islets
were microfuged for 15 sec, the KRB buffer was removed,
and the islets were used for enzyme determination as de-
scribed below.

Insulin Determinations

The content of insulin in the CMRL-1066 medium follow-
ing islet culture for 2 days was determined by radioimmu-
noassay, as described previously, using rat insulin as a stan-
dard [5]. Insulin values for CMRL-1066 in the absence of
islets (blank) were subtracted from the islet values. Insulin
release is expressed as total insulin released during the cul-
ture period per islet.

G3PD Assay

The determination of the G3PD activity was carried out by
monitoring the reduction of NAD" to NADH, as described
previously [9]. Isolated islets were placed in microfuge tubes
and washed with homogenization buffer containing HEPES
(100 mM), pH 7.5, and dithiothreitol (2 mM). Islets (25
per preparation) were homogenized by sonication for 10 sec
in 86 L of homogenization buffer. The homogenate was
microfuged for 30 sec, and the supernatant was used for the
enzyme assay and protein determination [10]. The resulting
supernatant was assayed for G3PD activity with buffer con-
taining (mM): triethanolamine (50), pH 7.6, arsenate (50),
glyceraldehyde 3-phosphate (100 pwg/mL), and reduced glu-
tathione (2.4). Buffer together with added homogenate
(1-3 g protein) was incubated in a water bath for 5 min at
37°, after which a baseline fluorimetric reading was ob-
tained at 347 nm excitation and 448 nm emission. Then,
NAD" (250 pM) was added to start the reaction, and the
linear change in fluorescence was recorded for up to 5 min.
Data are expressed as the change in NADH per microgram
protein with time.

To determine the K, and V. for NAD dependence of
homogenate G3PD, seven concentrations of NAD were
used (0.62 to 39 pM) in the presence of glyceraldehyde
3-phosphate (100 pg/mL), with a reaction time of 1 min,
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with all other conditions as described above. Hanes’ analy-
sis was used to determine kinetic parameters for a single
substrate.

Glucose Utilization

Islet utilization of D-[5-Hlglucose was determined essen-
tially as described previously, by quantitating the conver-
sion of D-[5-*Hlglucose to *H,O [11]. Islets were incubated
in 0.1 mL KRB buffer containing D-[5-*H]glucose (17 mM;
1 wCifsample) for 90 min, at 37°. *H,O recovery was used
to determine glucose utilization based upon the glucose
specific activity per sample. Blank values for samples devoid
of islets were subtracted from islet glucose utilization values.
The protein content of the islets was determined.

Statistical Analysis

Data are shown as means + SEM. Significant differences
between data groups were determined by Student’s t-test
(paired) or one-way ANOVA combined with the Duncan/
Newman—Keuls multiple comparison test. Values of P less
than 0.05 were accepted as significant.

RESULTS

Islets freshly isolated (fresh) had significantly lower G3PD
levels than islets cultured for 2 or 6 days, but not 1 day, at
a basal glucose concentration of 5.5 mM (Fig. 1). When
islets were cultured at 5.5 mM glucose for 2 days and the
culture medium (10 mL) was changed every 6-12 hr in
order to remove/dilute accumulating metabolites or other
islet cell products, the G3PD activity of islet homogenates
(258 + 24 ng NADH/ug protein/min) was similar to basal
G3PD activity of homogenates of islets cultured for 2 days
in 2 mL culture medium without a medium change (Figs. 1
and 2). Culturing islets at a submaximal insulin secreta-
gogic concentration of glucose (11 mM) for 2 days did not
increase G3PD activity significantly over islets cultured at
5.5 mM glucose, although the G3PD activity was signifi-
cantly higher than basal levels in homogenates of islets
cultured at 11 mM glucose for 6 days (Fig. 1). The G3PD
activity of homogenates of fresh islets incubated with 11
mM glucose for 1 hr was similar to the basal control enzyme
activity (data not shown).

Islets were also cultured in the presence of an adenylyl
cyclase stimulus, forskolin, as well as a phosphodiesterase
inhibitor, IBMX, to determine if the augmentation of cyclic
AMP levels in islet cells might modulate G3PD activity.
When islets were cultured at basal glucose levels (5.5 mM
glucose) for 2 days in the presence of forskolin (1 wM),
there was a significant increase in G3PD activity of more
than 50% in islet homogenates (Fig. 2). This coincided
with an increase in insulin release with forskolin (4.0 + 0.4
pmolfislet) which was five times higher (P < 0.01) than
basal release at 5.5 mM glucose alone (0.8 + 0.03 pmol/
islet). Forskolin did not elicit a significant change in G3PD
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FIG. 1. G3PD activity in freshly isolated (fresh) and cultured pancreatic islets. Islet homogenates were prepared from fresh
islets, or islets cultured in CMRL-1066 containing 5.5 or 11 mM glucose for 1, 2 or 6 days. G3PD activity is expressed as the
mean = SEM for the number of determinations shown at the base of each bar. Significant differences were determined by

one-way ANOVA and a multiple comparison test.

activity after only 1 day of culture, although there was a
trend toward higher activity levels (Fig. 2). Similarly, the
addition of IBMX to the islets during culture at basal glu-
cose levels for 2 days resulted in increased G3PD activity in
islet homogenates (Fig. 2). Moreover, homogenates of islets
cultured with 11 mM glucose and IBMX (0.2 mM) had
significantly higher G3PD activity than control islets in the
presence of the glucose stimulus alone (Fig. 3).

The kinetic parameters of G3PD activity were deter-
mined for NAD following culture for 2 days in the absence
or presence of forskolin. As indicated in Table 1, forskolin
did not have a significant effect on the apparent K,,, for
NAD, although the V,,, was increased significantly fol-
lowing islet culture in the presence of the stimulus.

8-Bromo-cAMP (5 mM) also stimulated the activity of
G3PD in homogenates of islets cultured with 5.5 mM glu-
cose (Fig. 2) or 11 mM glucose (Fig. 3) for 2 days. When
glucose (11 mM) together with 8-bromo-cAMP (5 mM)
was added to fresh islets incubated in KRB buffer for 60 min,
the activity of G3PD in the islet homogenates was not
different from the basal G3PD activity of islets incubated at
5.5 mM glucose (data not shown). The cAMP-elevating
agent glucagon (1 wM) together with 11 mM glucose in
islet culture for 2 days did not result in significantly el-
evated activity of G3PD in islet homogenates compared
with 11 mM glucose-treated control islets (Fig. 3). In con-
trast to 8-bromo-cAMP, 8-bromo-cGMP (5 mM) did not

significantly affect G3PD activity of islets cultured at 5.5 or
11 mM glucose (Figs. 2 and 3).

When 8-bromo-cAMP (5 mM) was added directly to
fresh islet homogenate for 5 min prior to the fluorimetric
determination of NADH, G3PD activity was reduced by
54% compared with basal values (data not shown). How-
ever, subsequent studies showed that 5'-ADP (5 mM) and
8-bromo-cGMP (5 mM) also reduced G3PD activity in islet
homogenates by approximately 50%. A lower concentra-
tion of 8-bromo-cAMP (0.1 mM) did not affect G3PD
activity in fresh islet homogenates. Thus, nucleotides in-
hibited G3PD activity in homogenates in a nonspecific
manner, unlike the stimulation of G3PD activity observed
during culture of the islets in the presence of 8-bromo-
cAMP.

Glucose utilization was determined by quantitating the
conversion of D-[5->H]glucose to *H,0, since H,O is gen-
erated after G3PD-catalyzed conversion of glyceraldehyde
to 1,3-diphosphoglycerate and just prior to the generation
of phospho-enol-pyruvate. However, compared with glucose
utilization for control islets cultured for 2 days at 5.5 mM
glucose (253 + 30 pmol glucose utilized/p.g protein; N = 3},
none of the following treatments produced significant dif-
ferences: islets cultured at 11 mM glucose for 2 days (231 %
28 pmol glucose utilized/pg protein; N = 3), islets cultured
for 2 days at 5.5 mM glucose in the presence of forskolin (1
pM) (239 + 18 pmol glucose utilized/jg protein) or the
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FIG. 2. G3PD activity in islets cultured for 1 or 2 days with cAMP-elevating agents. Islets were cultured in CMRL-1066
containing 5.5 mM glucose in the absence (basal) or presence of forskolin (Forsk; 1 pM), IBMX (0.2 mM), 8-bromo-cAMP
(cAMP; 5 mM), or 8-bromo-cGMP (cGMP; 5 mM). Values are the means + SEM for the number of determinations indicated
at the base of each bar except for cGMP where the value is shown as the mean = range. Key: (¥) significantly different (P <
0.05) from basal values of similarly cultured islets, as determined by one-way ANOVA and a multiple comparison test.

presence of IBMX (0.2 mM) (253 + 9 pmol glucose utilized/
pg protein; N = 3), or islets cultured for 2 days at 11 mM
glucose in the presence of forskolin (1 pM) (208 + 11 pmol
glucose utilized/pg protein; N = 3} or the presence of IBMX
(0.2 mM) (234 + 17 pmol glucose utilized/g protein;
N = 3).

[slet protein content was also determined. Whereas fresh
islets contained a slightly higher (34%) concentration of
protein per islet than the other cultured islet preparations,
there were no significant differences in the protein content
between any of the cultured islet treatment groups

(Table 2).

DISCUSSION

G3PD activity is increased in a time-dependent manner in
homogenates of islets cultured for up to 1 week in 5.5 or 11
mM glucose, although after 6 days the level of activity is
higher following continuous stimulation with 11 mM glu-
cose. An increase in G3PD activity during a 7-day culture
of islets from fetal rats has also been reported and ascribed
to the functional maturation of the islet cells [12]. The
explanation for why the G3PD activity is elevated at a
non-secretagogic concentration of glucose during culture of
islets from adult rats is not obvious, except that culture
conditions, including serum constituents, may have con-

tributed to the activation. The increase may also be the
response to release from normal inhibitory influences ex-
erted in vivo. It does not appear that accumulation of cell
metabolites or hormones (insulin, glucagon, somatostatin)
released from the islets contributed to the activation since
a similar profile of G3PD activity was observed even when
the culture medium of the islets was replaced with fresh
medium every 6-12 hr for 2 days. In addition, the increase
in G3PD activity is unique to this cultured islet model,
since it has been reported previously that the activity of
5'-nucleotidase does not increase in islets cultured for 6
days at 11 mM glucose, and the activity of Na™-K*-ATPase
declines with continuous glucose stimulation {5]. Moreover,
differences in islet protein levels do not appear to account
for the changes observed in G3PD activity, since protein
levels did not change during the course of culture, although
fresh islets had slightly elevated protein levels compared
with cultured islets.

The induction of enzymes such as G3PD in cultured
islets may be an important consideration in the culture of
islets for later human or animal transplantation {13, 14].
The secretion of insulin from pancreatic islets in response
to the primary stimulus glucose and other secretagogues
such as glyceraldehyde and 2-ketoisocaproic acid appears to
be mediated by changes in the ATP/ADP ratio, and it also
appears that the generation of NADH in the B-cell is im-
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FIG. 3. G3PD activity in islets cultured with elevated glucose levels and cyclic nucleotide modulating agents. Islets were
cultured in CMRL-1066 containing 11 mM glucose in the absence (basal) and presence of IBMX (0.2 mM), 8-bromo-cAMP
(br-cAMP; 5 mM), 8-bromo-cGMP (br-cGMP; 5 mM), and glucagon (1 pM). Values are the means + SEM for the number of
determinations shown at the base of each bar. Key: (*) significantly different (P < 0.05) from basal values, as determined by

one-way ANOVA and a multiple comparison test.

portant for ATP generation and insulin release since im-
paired synthesis of NADH correlates with reduced glucose-
sensitive insulin secretion [15]. G3PD is an important en-
zyme in the metabolism of glyceraldehyde and the
generation of NADH in the B-cell, and it has been pro-
posed to be a key step in the regulation of mitochondrial
ATP generation [3]. In islets cultured for 6 days at 11 mM
glucose, not only is the glucose sensitivity of insulin secre-
tion reduced, but the ability of the cells to generate ATP in
response to glucose is compromised [5, 16]. Although it is
not known at which step glucose desensitization affects me-
tabolism to reduce ATP generation, it is possible that it is

TABLE 1. Kinetic analysis of islet G3PD

Islet G3PD
K, of Vinax
Treatment NAD (pM) (ng NADH/min/pg protein)
Control 9.9+ 0.7 67.2+63
Forskolin 81=x1.6 1089 £ 9.1*

Islets were cultured for 2 days in CMRL-1066 containing 5.5 mM glucose in the
absence (control) or presence of forskolin (1 wM). The islets were washed and
homogenized, and the activity of G3PD was determined from the formation of
NADH during 1 min. Values, derived from Hanes’ analysis of data, are the means +
SEM from four independent paired determinations per group.

* P < 0.01 compared with control V_,,, values, as determined by Student’s ¢t-test
(paired).

at a mitochondrial step and that the increase in cellular
G3PD reflects a compensatory increase in an enzyme im-
portant for ATP generation. Alternatively, MacDonald
[17] has provided evidence that formation of the unme-
tabolizable glycerate 1-phosphate in islets through G3PD
may effect changes in the NADH/NAD ratio, affecting the
ability of cells to reoxidize cytosolic NADH, and resulting
in toxic effects. It may be that the loss of insulin secretory
responsivity to glucose in cultured islets is related to inap-
propriate G3PD metabolism of glyceraldehyde.

The islet model used in the present study is one that has
been characterized as glucose desensitized, having elevated
basal insulin release and showing a progressive reduction in
glucose sensitive insulin secretion during 6 days of continu-
ous glucose stimulation in culture [5]. In addition, a previ-
ous study demonstrated that G3PD activity was increased
by approximately 30% in homogenates of islets that were
desensitized to glucose stimulation following a high carbo-
hydrate diet in vivo and had elevated basal insulin secretion
[9]. In those studies, islets were isolated from adult rats that
were rendered hyperinsulinemic and insulin resistant at an
early age by feeding a diet high in carbohydrate calories
during the neonatal period [8]. It is interesting that islets
desensitized to glucose stimulation from both in vivo and in
vitro models display a similar degree of enhanced G3PD
activity. In addition, glucose induces a gradual change in
G3PD activity which leads to a significant enhancement of



798

TABLE 2. Islet protein content

Treatment Protein (pg)fislet N
Fresh 0.47 £ 0.03* 8
1 day 5.5 G 0.35 £0.08 3
2 days, 5.5 G 0.33 £0.03 5
6 days, 5.5 G 0.35 £ 0.02 6
2 days, 5.5 G, IBMX 0.29 £ 0.05 3
2 days, 11 G 0.33 £ 0.04 3
6 days, 11 G 0.35 +0.02 6
2 days, 11 G, IBMX 0.30 £ 0.04 7
2 days, 5.5 G, Forskolin 0.37 £ 0.05 3
2 days, 5.5 G, 8-bromo-cAMP 0.35£0.04 4

Protein content of islet homogenates used in G3PD activity assays was determined,
and the results were normalized per islet. Treatment groups were fresh islets, or islets
cultured at 5.5 or 11 mM glucose for 1, 2 or 6 days, in the absence or presence of
IBMX (0.2 mM), forskolin (1 uM), or 8-bromo-cAMP (5 mM). Values are the means
+ SEM for the number of independent determinations (N).

* P < 0.05 versus other treatment groups, as determined by one-way ANOVA.

activity only after at least 6 days of continuous stimulation.
It is not known if this change in G3PD is due to transcrip-
tional regulation, but glucose has been reported to induce
transcriptional changes in another enzyme important for
B-cell glucose metabolism, acetyl-CoA carboxylase [18].
Perhaps an increase in metabolism through G3PD contrib-
utes to the increase in basal insulin release noted in both
the in vivo and in witro islet B-cell desensitization models.
Although cAMP is an important second messenger in
B-cells which modulates insulin secretion, and glucose in-
duces increases in cAMP generation in isolated islets [19],
cAMP is not an acute mediator of glucose metabolism [20].
Rather, it appears that cAMP functions in the B-cell to
induce acute changes in protein kinase A, protein phos-
phorylation, and voltage-sensitive Ca?* channel activity as
well as other events important in potentiating insulin se-
cretion [20]. The long-term effects of cAMP may also in-
clude the stimulation of the insulin promoter [21]. In the
present study, several approaches were undertaken to de-
termine if cAMP was likely to be an intermediate in the
glucose stimulation of G3PD activity. Forskolin, an adeny-
lyl cyclase activating agent, was added to cultured islets to
increase cAMP generation. Forskolin induced a time-
dependent change in G3PD activity which was significant
by day 2 of stimulation. Similarly, inhibition of phospho-
diesterase activity by IBMX [19] during islet culture at low
or elevated glucose concentrations resulted in increased
G3PD activity of islet homogenates similar to the increases
in activity observed with forskolin pretreatment. The in-
creased V., for NAD stimulation of G3PD in islets treated
with forskolin suggests that the enzyme activity is enhanced
as a result of the drug treatment, although there was no
effect on the apparent K,,. The K, of NAD for G3PD in
this study is similar to the value (<10 uM) reported previ-
ously for pancreatic islets [17]. It has been reported that
incubation of cells of an insulin-producing cell line, 3-TC1,
with forskolin or IBMX resulted in changes in intracellular
cAMP levels as well as cell-cycle related gene expression,
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including c-fos and c-jun gene expression and insulin pro-
moter activity [22]. It is possible that the elevation of
cAMP levels in cultured islet cells also regulates the ex-
pression and activity of G3PD. Activation of the enzyme
has also been reported to be indirect through regulation of
a cytosolic protein that activates G3PD and lowers the
apparent K, for NAD [23]. However, in the present studies
no significant change in the apparent K, for NAD was
observed. G3PD in rabbit muscle has been reported to serve
as a substrate for Ca®*/calmodulin-dependent protein ki-
nase Il [24], and in pancreatic islets it is possible that the
enzyme is regulated through a phosphorylation-mediated
event.

The addition of a cell permeant and phosphodiesterase
resistant cAMP analog, 8-bromo-cAMP, to the cultured
islets for 2 days at a concentration previously demonstrated
to potentiate insulin secretion [25] also resulted in the
stimulation of G3PD activity in islet homogenates. The
increases in G3PD activity were similar between glucose,
IBMX, forskolin, and 8-bromo-cAMP stimulation. In con-
trast, 8-bromo-cGMP did not evoke a change in G3PD
activity even after 2 days of culture. In addition, the
changes in G3PD activity observed after culture with
8-bromo-cAMP appear to have been time dependent since
this cyclic nucleotide did not stimulate G3PD activity fol-
lowing a 1-hr exposure of the islets to the agent, and
8-bromo-cAMP did not stimulate G3PD directly in islet
homogenates. Unfortunately, an attempt to inhibit adeny-
Iyl cyclase activity and G3PD activation by IBMX over the
long term with the a,-adrenoceptor agonist clonidine was
unsuccessful (data not shown), probably due to the down-
regulation of a;-adrenoceptors during continuous stimula-
tion [26]. Similarly, continuous stimulation with glucagon
for 2 days (data not shown) did not result in any change in
G3PD in islet homogenates, probably also as a result of
receptor down-regulation [27].

Although G3PD activity was increased by glucose and
various drug treatments in this study, glucose utilization by
islets cultured with elevated glucose in the absence or pres-
ence of forskolin or IBMX did not show significant changes
in glucose utilization. Perhaps the maximal glucose concen-
tration (17 mM) used in the analysis precludes the identi-
fication of small changes in glucose utilization. On the
other hand, G3PD is only one of several regulatory enzymes
in the glycolytic pathway, and changes in other glucose-
metabolizing enzyme activities may overshadow changes in
G3PD alone.

In summary, G3PD is an enzyme which has, heretofore,
been assumed to be unregulated in most cells. However,
this study describes an increase in G3PD activity in cell
homogenates resulting from the long-term stimulation of
the intact cell with a physiological stimulus for the B-cell as
well as agents that increase the production and intracellular
concentration of cAMP. Since increased G3PD activity in
islet homogenates has also been observed in animals previ-
ously stimulated long-term with glucose-supplemented diets
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[9], or in cultured fetal islet cells [12], it is possible that the
activity and perhaps level of G3PD or a regulatory cytosolic
protein are stably altered in response to continuous cell
stimulation. G3PD has been shown to be autophosphory-
lated in rabbit skeletal muscle [28]. Future studies will de-
termine whether glucose and cAMP alter the transcription
of mRNA for G3PD in B-cells or change enzyme activity
through phosphorylation-mediated steps.

The technical assistance of Swaroopa Rani Vadlamudi, Jill Platten, and
Amy Bauer is greatly appreciated. These studies were supported by
NIH Grant DK25705.
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