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Abstract of the Thesis
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The production of lipids and proteins for growth, as well as nucleotides for the replication of the
genome, are key requirements that loom as importantly as the need for the production of energy
in the transformed metabolic state of cancer cells. The remodeling of the TCA cycle (extensive
anaplerosis and cataplerosis) reflects this need for biosynthetic macromolecules. CPI-613, a
non-redox active lipoic acid analog that has been shown to selectively increase phosphorylation
of the pyruvate dehydrogenase (PDH) E1 o subunit, thereby inactivating the entire complex, was
investigated for its role in causing phosphorylation of the branched-chain amino acid
dehydrogenase complex (BCKDC) E1 a subunit in H460 lung cancer cells. CPI1-613 was shown
to cause hyper-phosphorylation of the peptide via western analysis, which triggered further
investigation of the role of the drug in causing similar effects in several other epithelial cancer
cell lines, as well as one glioblastoma line. At the current time, BCKDC appears to be a third

such lipoate-containing mitochondrial enzyme target of CPI-613.
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Introduction

Transformed Cells Exhibit Altered Metabolism

Otto Warburg’s groundbreaking observation, made in the 1920’s, that rapidly
proliferating tumors consume glucose at a much higher rate than non-proliferating “normal
tissue” and secrete most of the glucose-derived carbon as lactate rather than fully oxidized CO,
provoked an important question. Why do transformed cells take in excess amounts of nutrients
beyond their bioenergetic demands, and why do they use such a “wasteful” form of energy
metabolism (glycolysis) even under aerobic conditions, when the tricarboxylic-acid (TCA) cycle

produces ATP in a much more efficient manner?

Warburg suggested that the up-regulation of glycolysis resulted from a defect in tumor
mitochondria. Work done since then by many different investigators has demonstrated that
mitochondria in cancer cells are indeed functional (reviewed in [1]). Additionally, this work has
shown that tumor cell mitochondria are deployed very differently than mitochondria in healthy,
non-proliferating cells [2]. Specifically, the persistent, proliferative state in which cancer cells
exist requires not only ATP but also the doubling of total biomass with the production of two
daughter cells per cell cycle. Thus, the production of lipids and proteins for growth, as well as
nucleotides for the replication of the genome, are key requirements that loom as importantly as

the need for the production of energy (reviewed in [1], [3]).

In the last fifteen years, work done by many investigators has greatly advanced the
understanding of the transformed metabolic state of cancer cells. The emerging picture shows
that tumor cells globally alter their metabolism to become factories for biosynthetic molecules

supporting cell growth and proliferation and generate ATP to support the proliferative state.



Carbon from the TCA Cycle Used to Produce Biosynthetic Precursors Needs to be

Replenished

Aside from this high flux of the glycolytic pathway in proliferating cells, which is
required to sustain relatively low-flux pathways that diverge off of it to produce biosynthetic
precursors (such as production of ribose-5-phosphate (R5P) through the oxidative and non-
oxidative arms of the pentose phosphate pathway), the remodeling of the TCA cycle reflects this
need for high levels of macromolecular biosynthesis as well. In effect, carbon sources that in
normal cells would efficiently be used to produce ATP are diverted towards the production of

lipids, nucleotides, and proteins; this draining of TCA intermediates is known as “cataplerosis.”

For instance, citrate is required for the synthesis of fatty acids, and cholesterol is needed
for the production of lipid membranes in daughter cells, while oxaloacetate (OAA) and a-
ketoglutarate (a-KG) are diverted out of the TCA cycle and converted to non-essential amino

acids that can be used for the production of nucleotides and proteins.

As a direct consequence, however, intermediates that are drained out of the TCA cycle in
the mitochondria require their replenishment, a term known as “anaplerosis,” This process
ultimately allows the TCA cycle to continue functioning in the face of cataplerosis. For
example, pyruvate carboxylase (PC) is the enzyme that regenerates OAA directly from glucose-
derived pyruvate. Further, “glutaminolysis,” is the metabolism of glutamine (the most abundant
amino acid in serum) to produce TCA intermediates like OAA in the mitochondria of
proliferating cells, as well as glutamate (an important excitatory neurotransmitter in neuronal
cells) and a-KG (another TCA cycle intermediate). Thus glutamine has come to be understood

as a carbon source (in addition to glucose) for the regeneration of TCA cycle intermediates,



reinforcing the idea that proliferating cells have a great need for carbon to sustain both
bioenergetic and biosynthetic functions (reviewed in [1]). This view of glutamine as a source of
carbon for intermediary metabolism, as well as combined effects of bioenergetic and

biosynthetic pathways is diagrammed in Figure 1.

Regulation of the Pyruvate Dehydrogenase Complex, the Gatekeeper of Carbon Flux from

Glycolysis to the TCA Cycle

The well-characterized pyruvate dehydrogenase complex (PDH), one of four
mitochondrial enzyme complexes that uses covalently joined lipoate as a catalytic cofactor, is
regulated by four pyruvate dehydrogenase kinases (PDK-1-4). These kinases are responsible for
phosphorylating the Ela subunit of PDH, and hence inactivating the entire complex, in response
to various conditions including the ratios of ADP to ATP; NAD to NADH; CoA to acetyl CoA
and reduced to oxidized lipoamide. | will focus here on the role of the ratio of reduced to
oxidized lipoamide. High levels of reduced lipoamide serve as sensors of PDH saturation and
lead to activation of the PDKs, and phosphorylation of the Ela subunit and PDH shut down.
Two of the PDKs, PDK-1 and PDK-3, are often elevated in tumors and cancer cell lines in
response to hypoxia inducible factor (HIF) [2, 4-9], a transcription factor that has been shown to
play a large role in cancer cells [7, 10, 11]. Further, HIF has been shown to induce
overexpression of PDK-1, the only isoform that is known to phosphorylate three different serine
residues on the PDH Ela subunit. Subsequent dephosphorylation of all three sites is required to

reactivate the PDH complex (reviewed in [8]).



Introduction to the metabolism of branched-chain amino acids, leucine, valine and

isoleucine

The branched chain amino acids, leucine, valine and isoleucine are classified as essential
amino acids for mammals because mammals cannot synthesize them and must obtain these
amino acids from their diet. These three amino acids collectively account for about 20% of
dietary protein and are essential for protein synthesis, branched chain fatty acid synthesis, and
neurotransmitter production [12]. The high prevalence of BCAAS in protein structure is largely
correlated with their high levels of hydrophobicity, a strong factor that frequently places them in

membrane proteins coiled-coiled structures [13].

Maple Syrup Urine Disease (MSUD) [14], is an inborn error of metabolism disease
which leads to the accumulation of branched chain amino acids and is characterized by
symptoms including convulsions, mental retardation, ketoacidosis, hypoglycemia, and
psychomotor delay. This suggests that concentrations of the branched chain amino acids in

serum and tissues must be carefully regulated.

Two key enzymes that play a role in the metabolism of branched chain amino acids are
the branched-chain amino acid transaminase (BCAT1, cytosolic and BCATZ2, mitochondrial) and
the branched-chain a-keto acid dehydrogenase complex (BCKDC, mitochondrial). Mutations in
the Ela gene of the BCKDC complex have been documented in Maple Syrup Urine disease

patients [15].

Branched-Chain a-Ketoacid Dehydrogenase Structure, Catalysis, and Regulation

The breakdown of BCAAs involves two steps using two different enzymes that function
as a metabolon [16]. The initial catabolic reaction involves the reversible transamination of the
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BCAA amino group to o-ketoglutarate, thereby generating glutamate and the corresponding
branched-chain a-ketoacid (BCKA). The branched-chain amino acid transaminase (BCAT) is
responsible for catalyzing this step [17]. BCAT will be of interest in a particular context in the
discussion section. BCKDC then catalyzes the second catabolic step, the irreversible oxidative
decarboxylation of the three BCKAs, sending each to their own degradation pathways [12].
Regardless of pathway, however, all breakdown products catalyzed by BCKDC eventually enter
the TCA cycle, serving as carbon sources that sustain the cycle [14]. A schematic of this process

is shown in Fig. 2. Thus BCKDC serves a critical role in the regulation of levels of BCAAs.

BCKDC is a member of the conserved lipoate-containing mitochondrial dehydrogenase
complexes, including the pyruvate dehydrogenase (PDH) and a-ketoglutarate dehydrogenase
(KGDH) complexes. The glycine cleavage system (GCS) is a fourth such lipoate-bearing
enzyme, though its role in metabolism will not concern us here. PDH, KGDH, and BCKDC
cach catalyze the oxidative decarboxylation of o-ketoacids to produce acetyl-CoA, succinyl-

CoA, or branched-chain acyl-CoAs, respectively [16].

Similar to PDH and KGDH, BCKDC is composed of three distinct catalytic subunits that
metabolize different a-ketoacids to TCA cycle intermediates. The branched-chain a-ketoacid
decarboxylase is known as E1, E2 is the dihydrolipoyl transacylase, and dihydrolipoamide
dehydrogenase is E3 [18]. Furthermore, 24 E2 subunits serve as the core scaffold, with 12 copies
of E1 and 6 copies of E3 non-covalently attached to this scaffold. E1, the branched-chain a-
ketoacid decarboxylase is made up of two subunits, Ela and E1f. The former is regulated by
phosphorylation and dephosphorylation by a dedicated kinase and phosphatase, respectively

[19].



Regulation of the PDH complex by phosphorylation of the Ela subunit has long been
established and has implications for our study of BCKDC. [20] The PDH complex links
glycolysis to the TCA cycle and regulates the flow of glucose-derived carbon into mitochondria
in tissues that have high metabolic demands, irreversibly converting glucose-derived pyruvate to
acetyl-CoA. Further, the complex serves as the carbon source for fatty acid synthesis in adipose
tissue, the mammary glands, and the liver [21]. Similar to BCKDC, the eukaryotic PDH E2
dihydrolipoamide acetyl-transferase core serves as a scaffold to which the E1, pyruvate
dehydrogenase (responsible for the oxidative decarboxylation of pyruvate), and ES3,

dihydrolipoamide dehydrogenase, components are attached [22].

CPI-613, a non-redox active Lipoic Acid Analog, Increases Phosphorylation of the

Pyruvate Dehydrogenase Complex

Zachar et al. [23] first reported the analysis of CPI-613, a non-redox-active lipoic acid
analog that is selectively cytotoxic against tumor cells. The four mitochondrial enzyme
complexes PDH, KGDH, BCDKC, and the GCS, use covalently bound lipoic acid (lipoate) as a
cofactor for catalysis. Among these enzymes, PDH in particular, however, is known to use ratios
of oxidized to reduced lipoamide intermediates (cyclically converted) as a sensor of carbon flux
through PDH. When high levels of the acyl and/or reduced lipoamide are present, the pyruvate
dehydrogenase kinases (PDKs) are activated to phosphorylate the PDH complex on its Ela
subunit, thereby shutting down the complex. Zachar et al. have shown that CPI-613 selectively
increases phosphorylation of the PDH E1 o subunit, thereby inactivating PDH. Thus, CPI-613,

an exogenously supplied lipoic acid-analog, can selectively disrupt tumor cell metabolism and



induce cell death. Moreover, knock down of the PDKs by RNAI protects tumor cells from CPI-

613 effects [23].

Among the four lipoate-containing mitochondrial complexes, PDH and BCKDC have
been shown to have similar mechanisms of regulation. Five mitochondrial protein kinases have
been identified in eukaryotes: the first four are different isoforms of PDKs, all encoded by
distinct nuclear genes, while the fifth gene product codes for a mitochondrial kinase that
regulates BCKDC [24]. Given this information, | was interested in investigating whether
BCKDC regulation by phosphorylation is affected by CP1-613. Secondly, the levels of BCAT,
the first enzyme in the catabolism of branched chain amino acids, have been reported to vary
among different glioblastomas [25]. In light of this, I investigated whether levels of BCKDC

vary among different epithelial tumor lines.
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Fig. 1

Tumor cells obtain biosynthetic precursors from glucose and glutamine metabolism. Glucose and
glutamine, the two most abundant extracellular nutrients, contribute carbon for the synthesis of
the three major classes of macromolecules (nucleic acids, lipids, and proteins) in proliferating
tumor cells. Biosynthesis of purines and pyrimidines utilizes ribose 5-phosphate (R5P) produced
from diversion of glycolytic intermediates into the oxidative and non-oxidative arms of the
pentose phosphate pathway, and nonessential amino acids derived from glucose and glutamine.
Fatty acid synthesis, used to produce cellular lipids, requires acetyl-CoA (Ac-CoA), most of
which is generated from glucose and transferred from the mitochondria to the cytoplasm via
citrate. Protein synthesis requires amino acids, tRNAs and ribosomes (proteins and rRNAS).
Both glucose and glutamine are used to generate these molecules. In addition to its role as a
carbon source, glutamine also donates nitrogen to nucleotide and amino acid synthesis.
Abbreviations: P, phosphate; GA3P, glyceraldehyde 3-phosphate; 3-PG, 3-phosphoglycerate;
PRPP, phosphoribosyl pyrophosphate; Mal-CoA, malonyl-CoA.

Reproduced from Deberardinis, R. J., et al. (2008) [3] with permission.
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Fig. 2

A schematic of the branched-chain AA (BCAA) metabolic pathway. The first step of BCAA
metabolism is the reversible transamination of Leu, lle, or Val, which is catalyzed by the
branched- chain aminotransferase (BCAT) isozymes (BCATm and BCATCc). In the second step,
the products, a-ketoisocaproate (KIC), a-keto-B- methylvalerate (KMV), or a-ketoisovalerate
(KIV), undergo oxidative decarboxylation, which is catalyzed by the branched-chain keto acid
dehydrogenase (BCKD) enzyme complex. This irreversible process produces branched-chain
acetyl CoA, which can enter the tricarboxylic acid (TCA) cycle.

Reproduced from Suryawan et al. (2011) [26] with permission.



Results

CPI-613 treatment causes hyper-phosphorylation of the BCKDC Ela subunit in H460 cells

Zachar et al (2011) showed that CPI-613 treatment of H460 lung tumor cells resulted in
hyper-phosphorylation of the PDH El a subunit. [23] BCKDC is structurally organized in an
analogous fashion to PDH and has a dedicated branched-chain o-ketoacid dehydrogenase kinase
(BDK), which has been reported to phosphorylate the BCKDC Ela subunit [27, 28]. I therefore
investigated whether CPI1-613 treatment would change the phosphorylation status of BCKDC
Ela in H460 non-small cell human lung carcinoma cells. H460 cells were treated with solvent
(DMSO) or 300uM CPI-613 for three, four or eight hours. Cell lysates were prepared at the end
of treatment time and were analyzed by Western blots using an antibody specific for the
phospho-epitope of the Ela subunit. Phosphorylation levels were compared to total Ela
amounts. Figure 3a shows the results of these experiments. Note that CPI-613 treatment

increases phosphorylation of BCKDC Ela up to two fold {Figure 3B).

CPI1-613 increases phosphorylation in BxPC-3 pancreatic tumor cells

Given the effects of CPI-613 treatment on phosphorylation of the BCKDC E1 o subunit
in H460 cells, | then investigated whether this effect extends to other tumor lines. Pancreatic
adenocarcinoma cells, BXPC-3, were treated either with vehicle (DMSO) or 300uM CPI-613 for
three, four or eight hours. Whole cells lysate were prepared and analyzed by western blot
analysis analogously to the H460 set. Fig. 4a shows the results of this analysis. As with H460,

CPI-613 treatment increases phosphorylation of the BCKDC Ela subunit in BxPC3 cells.

10



Quantifications of the blots shown in Fig. 4a are shown in Fig. 4b. Note that the increase in

BCKDC phosphorylation due to CPI-613 treatment is almost two-fold.

Levels of BCKDC E1 a vary across different cell lines

Tonjés et al. [23] have shown that the branched-chain amino acid transaminase 1
(BCAT1,; the cytosolic isoform), is upregulated in primary glioblastoma tumors that have a wild-
type Isocitrate Dehydrogenase 1 (IDH1; the cytosolic isoform), but is not upregualted in
glioblstomas that carry a mutant IDH1. Given that BCAT catalyzes the reaction creating the
substrate for BCKDC in the catabolism of branched-chain amino acids, | hypothesized that the
levels of BCKDC may vary among different tumor types. | therefore undertook a survey of

several epithelial tumor cell lines to see if BCKDC levels varied.

Surveyed epithelial cancer cell lines included H460 (NCI-H460; human non-small cell
lung carcinoma), A549 (human small cell lung carcinoma), BxPC-3 (human pancreatic
adenocarcinoma), MDA-231 (MDA-MB-231; human metastatic breast cancer), and HeLa cells

(human cervical cancer). 1also included the human glioblastoma cell line U-87.

A549 cells showed detectable levels of the BCKDC Ela subunit, and a marked increase
in phosphorylation of the peptide at the 4 hour time point relative to mock treated cells, as shown
in Fig. 5a. Moreover, MDA-231 cells also showed detectable levels of BCKDC Ela, though
treatment did not result in such noticeable levels of phosphorylation relative to mock treated cells

at either 3, 4 or 8 hours of sample collection (Fig. 5b).
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HeLa cell lysates probed for BCKDC Ela showed high levels comparable to those seen
in other cell lines, though treatment with 300 uM CPI-613 did not increase levels of
phosphorylation to any noticeable extent, as shown in Fig. 5c. Lastly, U-87, the primary
glioblastoma cell line, showed highly detectable levels of BCKDC Ela when probed with
antibody, however, levels of induced phosphorylation were the least detected relative to control

when cells were treated with 300 uM CPI-613 (Fig. 5d).

12
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Western analysis of two separate experiments involving treatment of H460 lung tumor cells.

Cells were treated with either vehicle (DMSO) or 300uM CPI-613 for 3, 4 or 8 hours. Whole
Cell lysates were prepared and run on 10% Bis-Tris gels.

13



SB Relative Level of H460 BCKDC Relative Level of H460 BCKDC

Phosphorylation Phosphorylation
15 5 T
§ g
% 15 E 15
-iv_ -]
; £
g 1 E 1
! :
& g = 5
i E
[ 0
Motk 3 Hour CPIH613 Motk 4 Hour CPl-513 B Hour CPI-613
Cell Treatment Cell Treatment
Fig. 3b

Quantification of relative levels of phosphorylation of H460 BCKDC of westerns shown in Fig. 3a.

14



=
E Time (hrs) 3 3 4 4 8
E CPl-613 = + - + +

Anti-Phospho- . ' ﬂ

el S T T
-

atsconeie (I QD o S T

Fig. 4a
Western analysis of two separate experiments involving treatment of BxPC-3 pancreatic

adenocarninoma cells. Cells were treated with either vehicle (DMSO) or 300uM CPI-613 for
3,4 or 8 hours. Whole cell lysates were prepared and run on 10% Bis-Tris gels.

15



4B Relative Phosphorylation of Relative Phosphorylation of BxPC3

BxPC3 BCKDC BCKDC
15 15
g ”
2 F 1
- 5
s 3
[}
g 15 'E_ 15
5 2
2 &
#1 g 1
£
: :
% T
0 3 os
T
4
] 0
Mack 3 Hours CP-613 Mack 4 Hours CM-613 & Hours Cpl-e13
Cell Treatment Cell Treatment
Fig. 4b

Quantification of relative levels of phosphorylation of H460 BCKDC of westerns shown in Fig. 4a.

16



5A

Enme OHrs 4Hrs 8Hrs AHrs dHrs 8Hrs 4Hrs 4Hrs 8Hrs
| | | | | |
Emwn - - - -
=
Anti-Phospho- " " L
BCKDH Ela al _T | o

-
ey L1 T 1 1 1 Lo

Anti-E3 - ‘“-'""ﬂ"

l /| | | |
I [ |

H460 A549 BxPC-3

Fig. 5a

Western analysis of survey of epithelial cell lines. H460, AS49, and BxPC-3 cells were each

treated with either vehicle (DMSQ) or 300uM CPI-613 for 4 or 8 hours. Whole cell lysates were
prepared and run on 10% Bis-Tris gels.
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3,4 or 8 hours. Whole cell lysates were prepared and run on 10% Bis-Tris gels.
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lysates were prepared and run on 10% Bis-Tris gels.
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Discussion

The emergent picture of the last two decades of work on the transformed state of cancer
cells has placed a large focus on metabolism. Of great appreciation is the idea that tumor cells
globally alter their metabolism to become factories for biosynthetic molecules supporting cell
growth and proliferation and generate ATP to support the proliferative state. Given this picture,
certain cancer therapies look to target mitochondrial enzymes that in the transformed state

sustain the TCA cycle for the production of biosynthetic precursor molecules and ATP.

For example, Zachar et al. [23] showed that the pyruvate dehydrogenase complex (PDH)
is phosphorylated (and inactivated) in human non-small cell lung tumor line H460 in response to
treatment with anti-cancer agent CP1-613. Further, RNAi knockdown of the kinases responsible
for phosphorylation of PDH Ela protected cells from CPI-613 effects, suggesting the drug’s

targeting of the kinases to cause inactivation.

The branched-chain a-ketoacid dehydrogenase complex (BCKDC), the enzyme
responsible for the final step in catabolism of the branched chain amino acids leucine, isoleucine,
and valine, is a member of the four lipoate-containing mitochondrial enzyme complexes
including PDH, a-ketoglutarate dehydrogenase (KGDH) complex, and the glycine cleavage
system (GCS). BCKDC is, in addition, structurally organized in an analogous manner to PDH,
each consisting of three subunits. [20] A kinase responsible for phosphorylating the BCKDC
Ela subunit (and inactivating the complex) has been reported. [24] | thus asked whether BCKDC
would be phosphorylated in response to treatment with CP1-613, and showed noticeable levels of
hyper-phosphorylated BCKDC Ela in several epithelial cell lines. Levels of phosphorylation in

H460 cells treated with CPI-613 were about two-fold relative to mock treated cells. | then asked
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whether this effect extended to other epithelial cell lines, and a similar effect was observed in

BxPC-3 (human pancreatic cancer) cells treated with CPI-613.

Further, when A549 (human lung carcinoma) cells were treated with CP1-613, BCKDC
Ela was hyper-phosphorylated after four hours of treatment. MDA-231 cells (MDA-MB-231;
human metastatic breast cancer) showed no detectable levels of hyper-phosphorylation of
BCKDC Ela at up to 8 hours of treatment with CPI-613, and the same results were seen in HeLa
cells (human cervical cancer). Lastly, U-87 cells (U-87 MG; human glioblastoma) showed slight
levels of hyper-phosphorylation when treated with drug relative to vehicle. It should be noted
that total levels of BCKDC Ela were detected in all cell lines I experimented with. Of course,
future studies will involve looking at branched-chain o-ketoacid dehydrogenase kinase (BDK)

levels in all of the tested cancer lines.

In addition, when Tonjes et al. [25] looked at levels of the branched-chain amino acid
transaminase (BCAT) in glioblastoma xenografts, the enzyme just upstream of BCKDC, they
found that a subset of tumors that have the wild-type isocitrate dehydrogenase (IDH) enzyme
have increased levels of BCAT, while those glioblastomas with a mutant IDH have
downregulated levels of BCAT. We would expect that BCAT and BCKDC levels would
correlate with one another, as the two enzymes are reported to work as a metabolon to catabolize
essential BCAAs [16]. Moreover, it would be interesting to see whether this correlation between

the mutational status of IDH and the presence of BCAT holds up in epithelial cell lines.

Future studies on BCKDC will involve siRNA knockdown of the branched-chain a-
ketoacid dehydrogenase kinase (BDK). If CPI-613 inactivates BCDKC by inducing the BDK to

phosphorylate the E1 a subunit of BCKDC, we expect knockdown of the kinase to result in
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lower levels of phosphorylation of the Ela subunit in the presence of drug treatment, relative to
scrambled siRNA controls or cells not treated with siRNA. Moreover, flux analysis of
radioactive branched-chain a-ketoacids (BCKA) should be used to test whether oxidation of the
BCKAs changes as they pass through the BCKDC enzyme. The expectation is that
phosphorylation and inactivation of the enzyme due to CPI-613 treatment should results in a

lower flux of radioactive BCKAs through the enzyme.

In the grand scheme of things, BCKDC serves as a third potential target of CPI-613 in
attacking cancer mitochondrial metabolism as a source of therapy. Future studies on the enzyme
hope to show that its modulation by an exogenous agent can result in inactivation, thus shutting
down its role in processing BCKAs that serve as carbon sources to support the growth and

proliferative state of cancer cells.
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Materials and Methods

Cells and cell culture: All cells were obtained from the American Type Culture Collection
(ATCC). The human non-small cell lung carcinoma cell line NCI1-H460, human lung carcinoma
cell line A549, and pancreatic cancer cell line BXPC-3 were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS), 100 units/ml penicillin and 100 ug/ml
streptomycin (all obtained from Life Technologies). The human metastatic breast cancer cell
line MDA-MB-231, human cervical cancer cell line HeLa, and human glioblastoma cell line U-
87 MG were each cultured in Dulbecco’s Modified Eagle Medium (DMEM), also supplemented

with 10% fetal bovine serum (FBS), 100 units/ml penicillin and 100 ug/ml streptomycin.

35mm petri dishes were seeded with 1 million cells of each respective cell line and allowed to
grow in their respective growth medium as noted above at 37° C and 5% CO, for 18-25 hours.
Medium was then replaced with fresh growth medium containing either vehicle (dimethyl
sulfoxide, DMSO as a mock treated control) or 300 pM CPI-613 for time intervals as indicated

in the results.

Chemicals: CPI-613 was obtained from Cornerstone Pharmaceuticals, Inc. Antibodies to
BCKDC Ela and phospho-BCKDC Ela were purchased from Bethyl Laboraties, Inc. Antibody

against dihydrolipoamide dehydrogenase (E3) was obtained from Rockland.

Western Analysis: Cell lysates were processed using the Zoom Benchtop proteomics system

(Invitrogen Zoom 2D Protein Solubilizer 2) as described in Zachar et al. [23] Cells were lysed in
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situ with 300 ul Lysis Buffer A [Zoom 2D Protein Solubilizer 2 (Invitrogen), 5.5 mM tris base,
11M protease inhibitor cocktail (Complete min, EDTA free; Roche), 22 mM DTT] and each
transferred to a 1.5ml microfuge tube and sonicated for 10 passes at 50% power. To generate
samples for Western analysis, 12 pl of each sample was added to 4 ul NuPAGE LDS sample
buffer (Invitrogen) and mixed, followed by 15 pl loading of each sample onto NuPAGE 10%
Bis-Tris gels (15 well, Life Technologies) for SDS-PAGE. Gels were then transferred to PVDF
membranes and detected via chemiluminescence using the WesternBreeze detection kit (Life

Technologies).
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