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in Enzyme Institute, UW, Madison (1966%F)
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A Tumor Suppressor Complex with GAP Activity for the Rag GTPases

a4 That Signal Amino Acid Sufficiency to mTORC1
‘ MTORC1
Mios  SehiL FINRAL RS RL
GATOR2 JaTA4ox+—+t
WDR24 WDRS9
Sec13

. Fig. 5. GATOR1 components are
mutated in cancer and GATOR1-
null cancer cells are
hypersensitive to the mTORC1

DEPDCS GATOR1 inhibitor rapamycin. H) Model for
Npri2  Npri3 the role of the GATOR complex in
the amino acid—sensing branch of
AP the mMTORC1 pathway. GATOR2
activity IS a negative regulator of GATOR1,
S 4 which inhibits the mTORC1

pathway by functioning as a GAP

GTP
. RagA for RagA.
RagC

lysosome
Yy —L

Sabatini’s group, Science 2013;340(6136):1100-1106
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The figure is referred to Reed & Hackert, J Biol Chem. 1990; 265:8971-8974.
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BDK gene (BCKDK) cloning (J Biol Cchem 1992; 267:13127-13130)
Popov KM, Zhao Y, Shimomura Y, Kuntz MJ, Harris RA.
Branched-chain a-ketoacid dehydrogenase kinase: Molecular cloning,
expression, and sequence similarity with histidine protein kinases.
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BRP DR Caz R E D% (at 30°C, pH 7.35)
EGTA buffer: http://maxchelator.stanford.edu/index.html

5 mM EGTA + 4.4 mM CaCl, — 0.98 uM Ca?*

Ca?*-dependent inhibition of branched-chain a-ketoacid dehydrogenase kinase by thiamine pyrophosphate.

Noguchi S, Kondo Y, Ito R, Katayama T, Kazama S, Kadota Y, Kitaura Y, Harris RA, Shimomura Y.
Biochem Biophys Res Commun (BBRC). 2018 Oct 12;504(4):916-920.
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BCAAs Pyruvate = FA-CoAs
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NADH \ v
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\ J
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In mitochondria:

‘>C.OZ¥
NADH NAD®

a-KGDC

Branched-chain a-ketoacid dehydrogenase (BCKDH) complex (BCKDC)
Pyruvate dehudrogenase (PDH) complex (PDC).

a-Ketoglutarate dehydrogenase complex (a-KGDC) patel & Harris, FASEB J. 1995: 9:1164-1172.
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E{E + SEM (n=5).

From Dr. Robert A. Harris (Indiana Univ. School of Med.)
Joshi, MA, et al. Biochem. J. 400: 153-162 (2006)




In the BDK-KO mice, neurological abnormalities were apparent by hind
limb flexion throughout life and epileptic seizures after 6-7 months of age.

;- HEEDI R AH

BCAA (iﬂiﬁio)*g%ﬁlé%mﬁ[:1%97":&)‘:@%(&5%)0 From Dr. R.A. Harris (Indiana Univ. School of Med.)

Joshi, MA, et al. Biochem. J. 400: 153-162 (2006)
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[ Conditional Bckdk-KO mice]

« En2SA: Splicing Acceptor site

* IRES: Internal Ribosomal Entry Site

* Bgal: B-galactsidase gene

* Bact:neo: B-actin promoter-neomycin
resistance gene

* pA: poly A sequence

(Arrows indicate the numbers of primers
used in PCR.)

Bckdk genome

Bckdk targeting
vector

Bckdk floxed
(Neo+)

» Cre: Cre-recombinase

Muscle-specific BDK-KO (BDK-mKO)
mice were produced by the Cre-loxP
system; BDK-floxed mice were bred
with creatine kinase (CK) promoter-
Cre transgenic mice.

Bckdk floxed
(Neo-)

BDKflox/flox-CK -Cre mice: BDK-mKQO mice
BDKflox/flox mice: Control mice

Muscle Bckdk deleted

Sci Rep. 2017 Jan 4;7:39825
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(A) Pedigrees 558, 18, and 1435
display first cousin consanguinity
and two affected patients each
(filled symbols), some with
unaffected members (unfilled
symbols). Sequence
chromatograms correspond to
non-carrier sibling (for 558 and
1435) or obligate carrier parent (for
18). (B) Schematic of BCKDK
protein with mitochondrial
localization signal (Mito) and
Kinase domain, depicting p.M74fs,
p.R156* and p.R224P mutations
from Pedigrees 18, 558, and 1435,
respectively. (C) Sequence
conservation of arginine (R)
residue throughout evolution. (D)
Predicted effect of R>P
substitution leading from a beta-
sheet (left) to an unfolded domain

(right).

Science DOI: 10.1126/science.12246312012 REPORT
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Fig. 2 Effect of BCKDK p.R156* mutation in affecteds compared with unaffected from Family

558. (A) RT-PCR showing reduced levels of mRNA in affected patients, controlled with GAPDH levels. (B) Western blot probed with
BCKDK-specific antibody (arrow). Fibroblast lysates from Family 558 showing undetectable BCKDK protein in affected patients (A, IV-2
and IV-3) compared with the unaffected (U, IV-1). WT and Bckdk knockout (KO) mice lysates serve as positive and negative control. (C)
Western blot probed with phospho-specific pSer293 antibody of Elalpha subunit of BCKDH enzyme. In the absence of calf intestinal
phosphatase (CIP), a distinct band is present in the unaffected (U), absent in the two affecteds (A), nearly abolished following CIP
treatment. (D) Reduced levels of plasma branched chain amino acids in affected patients (red symbols) compared with parents and
unaffected sibling (green symbols). Gray bars represent normalized standard values. (E) Schematic diagram of the BCAA catabolic
pathway. BCAT, branched-chain aminotransferase; BCKA, branched-chain alpha-keto acid; BCKDH, branched-chain alpha-keto acid

dehydrogenase; R-CoA, Succinyl-CoA, acetyl-CoA, methylmalonyl-CoA. Science DOI: 10.1126/science. 12246312012 REPORT
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Fig. 3 Bckdk™" neurological abnormalities rescued by supplementation with BCAAs. (A) Brain amino acid levels in P14 Bckdk™~
mice. Levels of amino acids were normalized on wet tissue weight and shown as percentage of wildtype littermates (WT n=3, KO, n=4). Error
bars represent s.e. *p<0.05. Right: Schematic of the amino acids transporters expressed in cells of the blood brain barrier. The L- and the y*-type
transporters are responsible for the transport of the BCAAs and other LNAAs. (B) Mice raised on a BCAA-enriched diet (7% BCAA) were
assessed for 2 days for hind limb clasping. Starting on the evening of the second day the mice were fed with a 2% BCAA diet until day 8. Mice
were tested for hind limb clasping twice per day. WT n=1, KO n=2. Error bars represent s.d.. The observer was blinded to the genotype. (C)
Bckdk™~ mice neurobehavioral tests for animals fed a 2% BCAA diet (day 1 to day 3) or a BCAA-enriched diet (day 3 to day 7). Mice were tested
twice per day for hind limb clasping (1-2 months old) and seizures (4 to 6 months old). Error bars represent s.d., n=5 for each test.
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DOMS is commonly caused by

) . . unaccustomed eccentric exercise.
 Experiment: crossover double-blind design (A factor inhibiting exercise performance)

* Subjects: untrained 16 female students

* Squat exercise: 20 squat / set x 7 sets with 3 min intervals between sets
« BCAAs:5g(V:L:1=1.2:2.3:1)at 15 min before squat exercise

* Muscle soreness was measured using a visual analogue scale (VAS).

10 .
0 LR _  ARUVIYMEERB#%GHB)®
__ 8 || —e— Control §120 i 72
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Values are means = SE.

* P < 0.05 Control vs BCAA € DOMS induced by squat exercise showed a peak on Day 2 and 3 in both trials.

€ Muscle soreness between Day 2 and 5 was significantly lower in the BCAA trial.

J Nutr 136: 529S-532S, 2006 . . . .
Int J Sport Nutr Exerc Metab 20: 236-244, 2010 € Muscle force measured on Day 3 was significantly higher in the BCAA trial.
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Intake of vitamin D and risk of type 1 diabetes: a birth-cohort study
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