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ABSTRA OF THE THESIS

Akt phosphorylates transketolase: regujastep of de novo purine synthesis

by

Tony Minh Phan

Master of Science in Biology

University of California, San Diego, 2013

Professor Gerard R. Boss, Chair
Professor Immo E. Scheffler, Co-Chair

Akt is a major regulatory protein involved in marsilular processes,
particularly cell growth, proliferation, and progston. The objective of this study is to
elucidate Akt regulation of de novo purine synteedRates of de novo purine synthesis
and phosphoribosyl pyrophosphate availability atgect to regulation by Akt. In this
study, | show that rates of de novo purine synthasd phosphoribosyl pyrophosphate
availability decrease with Akt knockout and singsential amino acid starvation

(lysine) in mouse embryonic fibroblasts.

Vii



| also show that Akt phosphorylates and activatassketolase, a key enzyme of
the non-oxidative pentose phosphate pathway. Wwasshown by a series of
transketolase activity assays conducted under Allttyppe and Akt knockout,
phosphorylated and de-phosphorylated transketadasemutated transketolase
conditions. Overall, Akt phosphorylation of traesilase is an important regulatory

step of de novo purine synthesis.

viii



Introduction



The PI3K/Akt signaling cascade is a key regulatanany cellular functions
related to cell growth, proliferation and surviya0]. The pathway is responsive to
insulin, mitogens and a variety of other growthtdas [5]. Stimulation of the pathway
results in the phosphorylation and activation @&k land subsequently the recruitment
and activation of Akt by PIP3 cofactor [9]. Aktsa known as protein kinase B, is a
Serine-Threonine protein kinase [9]. It has beeplicated as a “master regulator,” and
activated Akt phosphorylates a variety of subssratgolved in many different cellular
processes [10]. Specifically, activated Akt playsla in the regulation of cellular
metabolism, proliferation, growth, survival, glueagptake and angiogenesis [6]. The
primary focus of this paper will be the role of Aktthe regulation of purine nucleotide
synthesis and its relation to cellular growth, fesation and progression through the
G1 cell cycle phase. Cellular proliferation andgression past the G1 phase requires
large amounts of purine nucleotides [8]. A depletid nucleotides results in arrest of
cellular progression past the G1 phase, directgctihg cellular division [8].

Nucleotides are precursors that make up nucledse®NA and DNA. They are
essential components for genome replication amsdrgotion as well as critical
components of cell signal transduction pathwaysyabc AMP or cyclic GMP,
secondary messengers that facilitate cellular comeation [13]. Adenine and guanine
nucleotide are core energy sources for metaboliBarine nucleotides can be generated
in two possible manners: de novo purine synthesishich the purine nucleotides are
generated from simple components such as aming,amidhrough the salvage pathway,
in which purine nucleotides are generated fromrbases and nucleosides from

catabolism of nucleic acids by hydrolytic degradiatj7]. The salvage pathway is more



energy efficient than the de novo pathway, reqgionly one ATP compared to the six
ATP cost of the de novo pathway to form inosindtéR) [12]. The focus of this
study will be the de novo pathway.

In de novo purine synthesis, purine nucleotidesgnghesized directly onto a
ribose-ring attached structure, contributed by phosibosyl pyrophosphate, a
phospho-ribose [7]. The initial commitment stewdod purine biosynthesis in de novo
purine synthesis involves pyrophosphate displacéfnem phosphoribosyl
pyrophosphate by ammonia, catalyzed by glutamimspioribosylpyrophsphate
amidotransferase, resulting in a 5-phosphoribosgivine [7]. Following this, a series
of activation, phosphorylation and displacemenpstaccur to yield inosinate (IMP), a
purine nucleotide and precursor to AMP and GMP [7].

In previous studies, it was observed that threedhotiessential amino acid
starvation resulted in a decreased rate of de pavioe synthesis, up to 90% in
cultured lymphoblasts [3]. The decrease in de mqmwine synthesis was reversed upon
amino acid restoration [1]. In addition to a das®in purine production, a 55%
decrease in production of phosphoribosyl pyrophasptvas also observed in essential
amino acid starved human lymphoblast [3]. Phospbeyl pyrophosphate is a critical
component in de novo purine synthesis, as it douties a phospho-ribose towards
purine production [7]. Phosphoribosyl pyrophosphatformed from ribose-5-
phosphate, a product of the pentose phosphate pgtlas catalyzed by ribose-
phosphate diphosphokinase [5].

The pentose phosphate pathway is an alternatiVevpgtto glycolysis, yielding

higher energy compounds from the breakdown of glagbphosphate [11]. The



primary purpose of the pentose phosphate pathwapduction of NADPH and ribose-
5-phosphate [11]. NADPH is a reducing agent fonynaxidation-reduction enzymatic
reactions. Ribose is essential for the synthddiiNA, RNA and enzymatic co-factors.
The pentose phosphate pathway is divided into tavtspthe oxidative and non-
oxidative branches [7]. The initial commitmentpster the oxidative pentose
phosphate pathway involves processing of glucopbe&phate by glucose-6-phosphate
dehydrogenase. The main products from the oxidgtentose phosphate pathway are
NADPH and ribulose-5-phosphate [7]. The non-oxigabranch consists of a series of
reversible reactions, ultimately allowing for thethesis of carbon chain molecules,
ranging from five to seven carbons [7]. Reactiathin the non-oxidative branch
require two essential enzymes: transketolase anddfdolase, responsible for
catalyzing two carbon transfers three carbon teassfespectively [7]. Transketolase
activity requires thymine pyrophosphate and a éwnbtation to catalyze the transfer of
two carbons from a ketose sugar to aldose sugr$pécifically, transketolase acts as
a shuttle for ribose-5-phosphate and glycolytienmtediates, thereby creating a
connection between glycolysis and the pentose platepathway [15].

The primary product from the non-oxidative pentpeesphate pathway
relevant to this study is ribose-5-phosphate, farfnem ribulose-5-phosphate as
catalyzed by ribose-5-phosphate isomerase [3[gludose starvation study on human
lymphoblast observed a decrease in ribose-5-phtspinaduction [4]. More
significantly, as a result of the decrease in @bghosphate production, a decrease in
de novo purine synthesis and intracellular phospbeyl pyrophosphate was also

observed [4]. Reduced phosphoribosyl pyrophospda#ability during amino acid



starvation could be a result of decreased ribopbdsphate availability [2]. It has also
been shown that most of the ribose-5-phosphateediduring purine synthesis comes
from the non-oxidative pentose phosphate pathwhy [5

Phosphoribosyl pyrophosphate has been implicatadr@gulator of de novo
purine synthesis [3]. Essential amino acid staovatiecreases rates of de novo purine
synthesis by decreasing production and availallitytracellular phosphoribosyl
pyrophosphate [2]. A study in which phosphoribgsylophosphate availability was
specifically targeted and decreased by 40% resuitaddirect decrease of de novo
purine synthesis by 80-90% [2]. Under amino a@fiaient conditions, cells treated
with super-active phosphoribosyl pyrophosphatelstiaise observed a 9% decrease in
phosphoribosyl pyrophosphate availability [2]. Ma@ignificantly, de novo purine
synthesis only decreased by 48% [2].

It has been found that the PI3K/Akt cassette p&agsajor role in the regulation
of de novo purine synthesis [5]. A study in whisktl Akt2 was knocked out in mouse
embryo fibroblasts resulted in a decrease in iethalar ATP concentrations [5]. When
Akt was constitutively active, intracellular ATPrezentration was found to be 3 times
larger compared to control [5]. Cells treated VRIBK inhibitor LY294002 resulted in
a significant decrease in de novo purine syntt{&gisSimilar results were observed
when Akt was knockout by siRNA. Akt knockout an@R inhibition resulted in
decrease of phosphoribosyl pyrophosphate availapll. Enzyme activity assays for
ribose-phosphate diphosphokinase, the key enzynhfusphoribosyl pyrophosphate
formation from ribose 5 phosphate, establishedttiet is no difference in activity

rates in control and Akt knockout (treated with 194D02) cells [5]. Akt knockout by



LY294002 was observed to result in a decreaserbooaflow through the non-
oxidative pentose phosphate pathway [5]. No sheamge was observed in the
oxidative pentose phosphate pathway. This stromghjies that Akt does not regulate
de novo purine synthesis by regulation of ribosegphate diphosphokinase [5].
Rather, de novo purine synthesis is regulated logpioribosyl pyrophosphate
availability as a result of ribose-5-phosphate labdlity dictated by the non-oxidative
pentose phosphate pathway [5].

The purpose of this study is to investigate Aktutagon of de novo purine
synthesis. It has been established that Akt régsilde novo purine synthesis by two
mechanisms: phosphoribosyl pyrophosphate avaitlitid IMP cyclohydrolase [5].
The primary focus of this study will be phosphosklopyrophosphate availability. The
direct mechanism as to how Akt regulates phospheyilpyrophosphate availability,
and subsequently de novo purine synthesis ha® Yt established. As noted in
previous studies, a decrease in carbon flow imtreoxidative pentose phosphate
pathway was observed in Akt knockout cells. It &lB® been shown that most of the
ribose-5-phosphate utilized during purine synthesraes from the non-oxidative
pentose phosphate pathway [5]. Transketolasepbtie primary enzymes of the non-
oxidative pentose phosphate pathway will be studié@ hope to investigate the role of
Akt in transketolase regulation. We also hope t@stigate the effects of Akt knockout
and lysine starvation on de novo purine synthesispnosphoribosyl pyrophosphate
availability. We hypothesize Akt directly phospiilates and activates transketolase,

thereby regulating de novo purine synthesis.



Results



Rate of de novo purine synthesis decreases with Akt knockout and lysine
starvation

A de novo purine synthesis assay was conductec#asune rates of de novo
purine synthesis activity under Akt knockout ansimg starvation, as shown in figure 1.
The assay was conducted with mouse embryonic fiastd(MEF) which were either
Akt wild type or Akt knockout. A western blot wasnducted to show that Akt was
knocked out. The MEFs were subjected to eithesiBdof complete medium or lysine
deficient medium. Rates of de novo purine synthesire quantified by rate &fC-
Formate incorporation into purines, expressed astsger minute/hour/2@ells.

Rate of de novo purine synthesis for the contwadl type Akt under complete
medium, averaged 2414 counts per minute/hotic@ils. Wild type under lysine
starvation resulted in a significant decrease 8bs®mpared to the control, with
average rates of 1069 counts per minute/hotiodis. Akt knockout under complete
medium had average rates of 1173 counts per mhug/L0 cells. Akt knockout
under lysine starvation had average rates of 1ddhts per minute/hour/2@ells,
relatively little difference compared to the Aktdakout under complete medium. Rate
of de novo purine synthesis for Akt knockout uncdemplete medium relative to the
control indicates a decrease by 51%. Overals, shiown that rate of de novo purine
synthesis decreases with Akt knockout and sigmtigawith lysine starvation.
Phosphoribosyl pyrophosphate availability decreases with Akt knockout and lysine
starvation

A phosphoribosyl pyrophosphate availability assag wonducted to observe

availability of phosporibosyl pyorophosphate undkt knockout and lysine



starvation, as shown in figure 2. The assay wasucted with mouse embryonic
fibroblasts (MEF) which were either Akt wild type Akt knockout. The MEFs were
subjected to either 3 hours of complete mediunysinké deficient medium .
Phosphoribosyl pyrophosphate availability was mestsby rate of*C-Adenine
incorporation into adenylate, expressed as cowertsninute/hour/10cells.

Phosphoribosyl pyrophosphate availability for cohtwild type Akt under
complete medium, averaged 24271 counts per miraue/td cells. Wild type under
lysine starvation averaged 15945 counts per minate/10 cells, a significant
decrease of 34% relative to the control. Akt krexd¢kunder complete medium
averaged 5696 counts per minute/houttElls and Akt knockout under lysine
starvation averaged 4662 counts per minute/hotcdl®, a decrease by 77% and 81%
respectively. From these results, it is shown piaisphoribosyl pyrophosphate
availability decreases with Akt knockout and lysstarvation.
Endogenous transketolase activity decreases with lysine starvation

A transketolase activity assay was conducted ingHgdlls to observe
endogenous transketolase activity under controllgside starvation, as shown in
figure 3. Transketolase activity was expresseanasicrease in change of absorbance at
365 nm. Hela cells under control conditions exkitbia linear increase in activity with
time. Under assay conditions of 30 minutes, endogetransketolase has yet to reach
an activity saturation point. HelLa cells undeigsstarvation exhibited lower levels of
activity compared to its control counterpart, refézl by a linear increase in activity

with a lower slope compared to wild type. The hssinom the endogenous
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transketolase activity assay shows that under assajitions, transketolase activity is
unrestricted. It also shows that transketolas@iictiecreases with lysine starvation.
Transketolase activity decreases with Akt knockout and lysine starvation

A transketolase assay was conducted to obsenefféwts of Akt knockout and
lysine starvation on transketolase specific agtj\as shown in figure 4. The assay was
conducted with mouse embryonic fibroblast (MEFd) lgeate. The MEFs were either
Akt wild type or Akt knockout. The MEFs were suftied to 3 hours of treatment,
under either complete medium or lysine deficientimen. Transketolase specific
activity was quantified by an enzyme coupling reacand expressed as nmol of
NAD+/minute/mg of protein.

Transketolase specific activity for control, Aktlevtype under complete
medium, averaged 24.5 nmol NAD+/minute/mg of protelransketolase specific
activity for Akt wild type under lysine deficientedium averaged 8.27 nmol of
NAD+/minute/mg of protein, a significant decreagetib%. Akt knockout under
complete medium averaged 6.15 nmol of NAD+/minutethprotein and Akt
knockout under lysine deficient medium averaged &mhol of NAD+/minute/mg of
protein, a decrease by 75% and 74% respectivalym fhese results, it is shown that
transketolase activity in MEFs decreases with Alddkout and lysine starvation.
Phosphorylation of transketolase essential for activity

A transketolase activity assay was conducted temeshe significance of the
phosphorylation state of transketolase in regardis tspecific activity, as shown in
figure 5. The assay was conducted with HelLa ¢ellssfected with wild type

transketolase and treated with complete mediumme@dy, during cell lysis, the lysis
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buffer is comprised of phosphatase and proteaskitiots. The presence of
phosphatase and protease inhibitors was essanpatserve in-cell conditions and
prevent de-phosphorylation of transketolase by gadous phosphatases. Here, we
tested transketolase specific activity in regaodigst phosphorylation state. The cell
was lysed in the presence or absence of phosphatab#ors. The cell lysate was also
treated with either G protein tagged beads or mlkglhosphatase tagged beads.

The lysate extracted with phosphatase inhibitantrod, averaged 23.45 nmol of
NAD+/minute/mg of protein. Transketolase spediitivity was observed in lysate
extracted without phosphatase inhibitor, averagii3@ nmol of NAD+/minute/mg of
protein, a significant decrease by 90% relativediotrol. Lysate extracted without
phosphatase inhibitor and then treated with alkgtinosphatase averaged 1.93 nmol of
NAD+/minute/mg of protein, similar specific actiyito lysate extracted without
phosphatase inhibitor. This shows endogenous platgges results in near complete
de-phosphorylation of transketolase. A transkemkctivity assay conducted for lysate
extracted with phosphatase inhibitor, then treatgtld alkaline phosphatase averaged
27.5 nmol of NAD+/minute/mg of protein, showing ti#icacy of phosphatase
inhibitors in mitigating phosphatase de-phosphaigta Overall, these series of
transketolase activity assays show that phosphawlaf transketolase is essential for
its activity.

Transketolaseis phosphorylated and activated by Akt

A transketolase activity assay was conducted temshe relationship

between Akt and transketolase, as shown in figuiiéhé assay was conducted with

immunoprecipitated samples of Akt and transketotagkunder complete medium.
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The immunoprecipitated samples were extracted fiaioa cells transfected with either
flag tagged-Akt or flag tagged-transketolase, timelividually extracted by co-
immunoprecipitation. The samples were also treatiéid either G protein tagged beads
or alkaline phosphatase tagged beads.

Transketolase specific activity of immunoprecipthtransketolase, the control,
averaged 37.20 nmol NAD+/minute/mg of protein. r&nsketolase assay was then
conducted with the addition of immunoprecipitatekt.AThe resulting assay averaged
45.5 nmol of NAD+/minute/mg of protein, a slightrease relative to control. This
increase in transketolase activity could be thalted increased phosphorylation, and
subsequently increased activity of transketolaseemMimmunoprecipitated
transketolase was assayed after alkaline phosghimesment, it averaged 3.83 nmol of
NAD+/minute/mg of protein, a significant decreage90% relative to control. This
significant decrease in transketolase specifiovaigtcorrelates with the previous
experiment and the notion that transketolase aygtiviregulated by its phosphorylation
state. Immunoprecipitated transketolase was adsafier alkaline phosphatase
treatment, with the addition of immunoprecipitatdd. The levels of transketolase
activity averaged 42.7 nmol of NAD+/minute/mg obf&in, indicating a significant
return of transketolase activity. Alkaline phosfatsa treatment of transketolase
resulted in near baseline levels of transketolaseiyy. The return in transketolase
specific activity with the addition of Akt afterkalline phosphatase treatment shows that
Akt directly phosphorylates and activates trandiese
Serine 387 and Threonine 382 point mutation on transketolaseresultsin a

significant decreasein activity
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A transketolase activity assay was conducted temkshe significance of
residues serine 387 and threonine 382 in regarttarieketolase activity, as shown in
figure 7. These residues were found by Dr. Arindgatha to be phosphoryled in
transketolase. The transketolase activity assdywiconducted with
immunoprecipitated samples of transketolase fromaH=lls. The Hela cells were
transfected with flag tagged wild type transketelas mutated transketolase. The
mutant transketolase were S387A, T382A, or douhl&ant.

Transketolase activity was expressed as a chamggsorbance at 365nm. An
increase in change of absorbance relates to inngeransketolase activity. Wild type
transketolase expressed the greatest transketuttisity, expressed by its high slope.
The mutants, T382A, S387A and double mutant, hiadively low slopes with near
baseline levels of activity. From this, it canibierred that phosphorylation of

threonine 382 and serine 387 residues are esstmtighnsketolase activity.
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Figure 1: Rate of de novo purine synthesis decreases with Akt knockout and
lysine starvation

De novo purine synthesis assay in mouse embrymablasts,
expressing Akt wild type or Akt knockout, under @uin treatment of control or
lysine starvation. Rate of de novo purine synthgsiantified by“C-Formate
incorporation into purines, expressed as countsrpeunte/hour/10cells by
scintillation counting. Double asterisks “**” detgot-test values for statistical
significance of that experiment compared to control
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Figure 2: Phosphoribosyl pyrophosphate availability decreases with Akt
knockout and lysine starvation

Phosphoribosyl pyrophosphate availability assaypause embryonic
fibroblasts, expressing Akt wild type or Akt knoekpunder 3 hour treatment of
control or lysine starvation. Phosphoribosyl pyrogphate availability
quantified by**C-Adenine incorporation into adenylate, expressedoaints per
minute/hour/18 cells by scintillation counting. Double asteriéks’ denote t-
test values for statistical significance of thgpesxment compared to control.
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Figure 3: Endogenoustransketolase activity decreases with lysine

starvation

Transketolase activity assay conducted in HeLa @alth endogenous
transketolase under 3 hour treatment of contrysine starvation. Increasing
transketolase activity expressed as an increasgainge of absorbance at 365nm.
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Figure 4: Transketolase activity decreases with Akt knockout and lysine
starvation

Transketoalse activity assay in mouse embryoniofilasts, expressing
Akt wild type or Akt knockout, under 3 hour treatmi@f control or lysine
starvation. Transketolase specific activity quigediby an enzyme coupling
reaction and expressed as nmol NAD+/minute/mg ofigim. Double asterisks
“**" denote t-test values for statistical significee of that experiment compared
to control.
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Figure 5: Phosphorylation of transketolase essential for activity

Transketolase activity assay in HelLa cells, tractsfd with wild type
transketolase under control medium. Cells weredys the presence or
absence of phosphatase inhibitor, and treatedeititier g-protein tagged
agarose beads or alkaline phosphatase tagged adprads. Double asterisks
“**" denote t-test values for statistical significee of that experiment compared
to control.



=N
(62 N @)

protein)

(nmol of NAD+/minute/mg of
(IR
o

Specific activity of transketolase

=1.6E-05 **2 1E-05

with Pl without Pl without PI, withwith PI, with AP
AP




24

Figure 6: Transketolase is phosphorylated and activated by Akt

Transketolase activity assay in HelLa cells usmgunoprecipitated
samples of transketolase or Akt. The Hela celleewansfected with either
flag tagged transketolase or flag tagged Akt andds/idually co-
immunoprecipitated. The samples were treated &iitter g-protein tagged
agarose beads or alkaline phosphatase tagged adprads. Double asterisks
“**" denote t-test values for statistical significee of that experiment compared
to control.
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Figure 7: Serine 387 and Threonine 382 point mutation on transketolase
resultsin a significant decreasein activity

Transketolase activity assay conducted in HeLa ¢edhsfected with
wild type, T382A, S387A, or double mutant transkate, using
immunoprecipitated samples of transketolase. &sing transketolase activity
expressed as an increase in change of absorbad66rah.
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This study shows that Akt knockout and lysine safion results in a decrease of
rates of de novo purine synthesis and phosphorilpysgphosphate availability in
mouse embryonic fibroblast§hese findings support previous work in regarddéo
regulatory roles of Akt in de novo purine synthesisl phosphoribosyl pyrophosphate
availability. It was shown that the PI3K/Akt cadeeplays a regulatory role in de novo
purine synthesis by regulation of phosphoribosybpiosphate availability. It was also
shown that Akt knockout resulted in a decreaseadban flow through the non-
oxidative pentose phosphate pathway [5]. Phosbbsyi pyrophosphate is formed
from ribose-5-phosphate, a product from the nordatkve pentose phosphate pathway.
These findings provided the foundation for thisdgtu

A decrease in transketolase activity was observddAkt knockout and lysine
starvation. A transketolase activity assay basethe phosphorylation state of
transketolase shows that it is activated by phaggdwon. A transketolase activity
assay using immunoprecipitated Akt and immunoprtatgd transketolase shows that
transketolase is phosphorylated and activated lyiA#licating Akt as a direct
regulator for transketolase activity. Transketelasitations T382A, S387A, and
double mutant resulted in minimal levels of trariekaese activity, showing
phosphorylation at Threonine 382 and Serine 38dues are essential for transketolase
activity. In all, it is shown that Akt regulataamnsketolase by phosphorylation, a
regulatory step of de novo purine synthesis.

Although this study was able to elucidate the ratuy relationship between

Akt and transketolase, more must be addressedttefuinderstand the mechanism of



30

Akt regulation of de novo purine synthesis. Tdtisdy primarily focused on
transketolase of the non-oxidative pentose phosgtethway. Although it was
established that Akt phosphorylates and activasesketolase, and the phosphorylation
sites Serine 387 and Threonine 382 are essentizbftsketolase activity, it was not
shown that these sites are phosphorylated by Aktin vitro kinase assay must be
conducted. Also, the direct mechanism as to hansketolase regulates de novo
purine synthesis was not shown or expressed. CHmde addressed by de novo purine
synthesis assays with transketolase knock downerexpression. Future studies
involving transaldolase, the other enzyme of the-oxidative pentose phosphate
pathway, will also be beneficial.

This study is significant, as the PI3K/Akt signglicascade is involved in many
cellular pro-survival pathways. Over activity of tAk commonly attributed as a
characteristic of cancer, related to anti-apoptasts uncontrolled cellular proliferation
and replication properties [16]. De novo purinatlgsis is the main purine nucleotide
biosynthetic pathway. Regulation of de novo puspethesis dictates levels of DNA
and RNA synthesis, and subsequently cell prolifena&nd cell cycle progression.
Elucidation of Akt regulation of de novo purine fyesis may present therapeutic

targets for cancer.
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Cell culture and transfection

HelLa cells were cultured in Dulbecco's Modified Eagedium (DMEM) with
10% fetal bovine serum (FBS). The cell media wahanged according to
experimental conditions. The control sample wasarged with DMEM and 10% FBS.
The lysine starved sample was exchanged with lyd&fieient DMEM and 10%
dialyzed FBS. The samples were allowed to incutmat8 hours prior to
experimentation. Experiments requiring transgeelts were transfected 48 hours prior
to experimentation. Cells were transfected witsplid cDNA using Invitrogen
Lipofectamine 2000 according to manufacturer gumesl.
Transketolase activity assay

The cells were plated and cultured overnight o8@@nim cell culture plate.
Once at 70% confluency, the cells were washed m#tlrtold phosphate buffered saline
(PBS), collected, then centrifuged at 500x G foniGutes. The PBS was aspirated off,
and the cells re-suspended in 400uL extractionebuidmprised of 0.1 mol Tris-HCI
(pH 7.6), 2 mmol EDTA, 0.05 mol BME, and phosphatasad protease inhibitor
cocktails. The cell suspension was sonicated, lagl ¢entrifuged at 13200 RPM for 15
minutes at 4 degree Celsius. The concentratioheofysate was measured by Bradford
assay at 595 nm and normalized among samples.

Transketolase activity was observed by replicatiboellular conditions in a cell
free system. The lysate was added to a mix congpas€ mmol NADH, 0.15 mol
NacCl, 0.1 mol Tris-HCI (pH 7.6), 0.01 mol MgCI2ndmol thymine pyrophosphate
(TPP), 2.5 mmol ribose-5-phosphate (R5P) and 2.%lmgiulose-5-phosphate (X5P).

A glycerol-3-phosphate dehydrogenase (G3PDH) aasephosphate isomerase (TPI)
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enzyme mix with activity of 1.03 KU/mL was addeddorbance was then monitored
at 365 nm at 5 minute intervals for 30 minutes.

Transketolase activity is represented by a chamgésorbance as a result of
NADH oxidation by glycerol-3-phosphate dehydrogenesnversion of
glyceraldehyde-3-phosphate to glycerol-3-phosph@tee glyceraldehyde-3-phosphate
was created from reactions catalyzed by transkstola which a 2-carbon is donated
from ketose xylulose-5-phosphate to aldose ribepbdsphate, yielding a 7 carbon
ketose and the remaining 3 carbon aldose, glycehgite-3-phosphate. The rate of
NADH oxidation to NAD+, as observed by change is@bance at 365 nm, is directly
proportional to transketolase activity. Changatisorbance is converted to nmol of
NADH converted to NAD+ per minute per mg of proteymthe formula depicted as
followed:

Change in absorbance

(Ami—Am2)i - (Am1— Av2)r

Activity

Change in absorbance/Time (minutes)
Specific Activity

Activity/Amount of protein (mg)

(Change in absorbance/minute/mg of protein) x 16&8@version factor)

nmol NAD+/minute/mg of protein
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Denovo purine synthesis

5 x 10 cells were plated in a 6 well plate in 1 mL DMENttw10% FBS at
around 50-60% confluency. The cells were incubategnight, and then washed with
PBS. The medium was exchanged with control DMEM Hdib FBS or lysine
deficient DMEM and 10% dialyzed FBS. The cells waltewed to incubate for 3 hours.
Following incubation, 10 uCt'C-formate was added to the samples and allowed to
incubate for 90 minutes. The medium was then asgirand the cells washed twice
with cold PBS. The cells were extracted in sitd imL 0.4 N perchloric acid, scraped,
and extracted into 16 x 100 mm glass tubes. Thisware then washed with 500 uL
0.4 N perchloric acid and collected into the gladses. The collections were then
boiled for 70 minutes to reduce purine nucleotialed nucleosides to purine bases.
After boiling, the samples were cooled on ice, #rah centrifuged for 5 minutes at
1500 rpm at 4 degrees Celsius. The supernataniscdaged, and then applied to
Dowex 50 columns that have been pre-equilibriatgld @1 N HCI. The columns are
washed twice with 10 mL 0.1 N HCI. The purine bameseluted in 5 mL 6 N HCI. 1
mL of each sample is added to a scintillation e@itaining 10 mL Liquifluor-TritonX.
The sample was vortexed, and then counted in &l&tion counter, expressed as
counts per minute per hour perells.
I mmunoprecipitation of Flag-tagged Akt and Flag-tagged transketolase using
Flag-tagged protein

Cells are collected, and then lysed in 1 mL of imprecipitation buffer
comprised of 50 mmol Tris HCI pH 7.4, 150 mmol Na@b% NP40, 10% glycerol,

and a protease and phosphatase inhibitor cocktal.cells were placed into an
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overhead rocker for 30 minutes at 4 degrees CelBalbwing this, the lysate was
centrifuged at 13200 rpm for 10 minutes at 4 degyféelsius. Sigma Flag beads were
prepared according to manufacturer guidelines saisgended in immunoprecipitation
buffer, then added to the lysate samples. Thedysdh Flag beads were placed into an
overhead rocker for 2 hours at 4 degrees Celsalking this, the sample was
centrifuged at 4500 x G for 30 seconds and thddydscarded. The beads were
washed with immunoprecipitation buffer, then witB3? The PBS was aspirated off,
then 100 uL of PBS was added to each sample. Ssgnkdag peptide was added to
each sample, then placed into an overhead rot@COoninutes at 4 degrees Celsius.
Following this, the samples were centrifuged at07fjin for 30 seconds at 4 degree
Celsius. The supernatant containing the Flag-taggein of interest was collected.
Alkaline phosphatase tr eatment

Alkaline phosphatase tagged agarose beads werd tmlfisate samples
according to manufacturer guidelines and alloweidi¢abate at room temperature for
30 minutes. The alkaline phosphatase tagged aghezds and lysate sample mix were
occasionally disrupted to ensure proper activigllowing the 30 minute incubation,
the beads were centrifuged at 7000 rpm at 4 degedseus for 30 seconds and the
supernatant collected.
Control samples without alkaline phosphatase treatrare instead treated with G-
protein tagged agarose beads. The same proceupliesa
PRPP availability assay

The cells were plated with 3.5 x1€ells per condition in DMEM and 10% FBS.

The cells were allowed to incubate for 18 hourse €hlls were then washed twice with
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PBS. The cell media was exchanged accordingly,rBpg on experimental conditions.
The control sample was exchanged with DMEM and HB&. The lysine starved
sample was exchanged with lysine deficient DMEM &% dialyzed FBS. The
samples were allowed to incubate for 3 hours. Foilg incubation for 3 hours, the
samples were supplemented witB-Adenine (0.2 uCi, specific activity 56 mCi/mmol).
The samples were allowed to further incubate foadditional 90 minutes. After
incubation with thé“C-Adenine, the samples were washed twice with B@8, then
lysed in water. Each lysate sample was individuafipglied to DE-81 Whatman
cellulose paper. Following application, the celkd@gapers with samples were washed
to remove unincorporatédC-Adenine. This was done in a bath of 1 mmol ammoni
formate, 10 minutes at a time, for four times. &wihg the bath, the cellulose papers
with samples were dried in an oven until crisp. ThBulose papers with samples were
then individually placed into scintillation vial®witaining Liquifluor-TritonX, then
vortexed well. Radioactivity due t6C-Adenine incorporated phosphoribosyl
pyrophosphate was measured by liquid scintillatioanting, expressed as counts per

minute per 1®cells per hour of*C incorporation.
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