RESLIEHEA

£ I &

Shanghai Institute of Nutrition and Health
Chinese Academy of Science

SCISHEHIE 2020.12.1



H*®
1. fKistHsEEY
2. B IHREL O
3. BERINIHRE S

4. D FIHFRBEID
5. Nig¥Ioth




RisAFERE

Z PR E ZRRatREY




RiStAR N PIRE

> RFERE (FAEIRERE)

> ATLFERE (59838, FAFEHEE)

> BERE (BLRES A RIERR)

> RYIBEEFRE GREEAHEHMERBKFREIE)




> AL

ERSEEEY, BEIAANTRREAMRIR, BLF

HRRRFEHLEREHAE

> BIHRRIRE.

v EFAESREIRR (&/1KEE. (R HE.
REIRE . HEEFRFERZIXR)

v FEBRFITR R PRETIR R FRRIRFIAEFEHSMT R, R
S EEFRRLELRS)

=RFRR. FBE

ol




HH R AR

IEEHISIEIARER

> ERMEEMRIRER o IR
Caloric Information physiological Fuel Values D12450K D12492
Protein: 20 % Kcal 20 % Kcal
Fat: 10 % Kcal 60 % Kcal
Carbohydrate: 70 % Kcal 20 % Kcal
Energy density: 3.82 Kcal/g 5.21 Kcal/g
D12450K D12492

researchdiets.com
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Nature. 2010 ;467(7318):963-6.
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Obesity. 2016, 24, 123-131.
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hydroquinone

Ingredient Control Low Protein
Cornstarch 39.75% (w/w) 39.75%
Casein 20% 10.90%
Maltodextrin 13.20% 13.20%
Sucrose 10% 19.10%
Soybean Ol 7% 7%
Cellulose 5% 5%
Mineral Mix 3.50% 3.50%
Vitamin Mix 1% 1%
L-Cystine 0.30% 0.30%
Choline Bitartrate 0.25% 0.25%
Tert-butyl 0.00% 0.00%

Cell. 2010, 143, 1084—-1096.
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R[ERAESESMAHEIE FREXEIER.
FrE R EERRZ X PR IHAEZRIZIER.

Nat Commun. 2020 ;11(1):2847.
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Time-restricted feeding (TRF)
confines food access to 9—12 hr
during the active phase.

TRF is effective against high-fat,

high-fructose, and high-sucrose
diets

Cell Metab. 2014, 20, 991-1005.
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4- and 6-h time-restricted feeding
regimens were tested in adults
with obesity

Both regimens produce similar
weight loss over the 2 months of
the study

Both regimens reduce energy
intake by ~550 kcal per day
without calorie counting

Cell Metab. 2020, 32, 366-378.
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> FRAXZ R (Every-Other-Diet-Feeding)

(B) Body weight. AL, ad libitum; EODF every-other-day fasting; (C) Normalized mass of body depots.

EODFRI1%: S A6 TR B 5 e AR A REAI AR R RV =+ 5

Cell Metab. 2017, 26, 672—685.
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EODFRI1%: S A6 TR B 5 e AR A REAI AR R RV =+ 5

Cell Metab. 2017, 26, 672—685.
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ZMRMIE L RARIA A REESRRE L ENRIRMTIE.

Nature Cell Biology. 2019. 56. 135-156.
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Bk A R TR RS R R RS T & 4 R R,

Nat Cell Biol. 2018 ;20(5):535-540.
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ATF7-Dependent Epigenetic Changes Are Required
for the Intergenerational Effect of a Paternal Low-Protein Diet

Molecular Cell. 2020; 78:1-14.
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To differentiate 3T3-L1 cells: the cells were allowed to grow for 2 days, and then exposed to fresh
differentiation medium containing DMEM, 10% FBS, 1 yM dexamethasone, 0.5mM 3-isobutyl-1
methylxanthine, 10 uM troglitazone and 1 pg/ml insulin. After 2 days, the cells were refed with fresh

DMEM containing 10% FBS, 10 mM troglitazone and 1 pg/ml of insulin for another 2 days. Then, the
cells were cultured in DMEM with 10% FBS.

Cell Research 2010; 20:470-9.
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Mouse myoblast cell line C2C12 was
maintained in DMEM containing 10% fetal
bovine serum and differentiated in DMEM
supplemented with 2% horse serum after
growing to 60%—80% confluent.

C2C12r% AN ZmEE 5> 14 B C2C1 20 LR R f E’Jéﬁlﬂ@ﬁiu
KA Efr&E A AMyosinfIZRILE!
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The puritity and viability of
Isolated primary hepatocytes.
A: The purity of isolated
primary hepatocytes was
verified by PAS staining to
stain glycogen. B. The
viability of isolated primary
hepatocytes was verified by
trypan blue staining.

1. Liver was perfused with Krebs-Ringer buffer with glucose (120 mM NaCl, 4.8 mM KCI, 1.2 mM

MgSO4, 1.2 Mm KH2PO4, 24 mMNaHCO3, 20 mM glucose, and 5 mM HEPES, pH 7.45)
containing 100 EGTA.

2.Then Krebs-Ringer buffer with glucose containing 5 mM CaCl2,1.2% BSA and 140 U/mL Type |
collagenase.

3. Livers were removed and cut into small pieces,gently agitated in DMEM containing 25 mM
glucose to release the hepatocytes, and then filtered through a 70 m cell strainer.

4. Then resuspended in about 4 mL DMEM containing 25 mM glucose and mixed with an equal
volume of 90% percoll in PBS followed by centrifugation at 50 g for 10 min at4 C.

5. Then the cells were seeded in 12-well plates precoated overnight with 20 g/MI Collagen Type |.
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mass). E{F=E(Lean mass)

Diabetes 60:3197-3207, 2011
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Whole body composition analyzer (EchoMRI)
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microCT# M| T

Schematic diagram of
the micro-CT scanner

RS, EBIRNEERE R E XS, BN A RS, mmit
RRTHOES, BEEWATRRBENNFTES, BIHEIETRE.  ved Phys. 2003: 30(11):2860.77.
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> &ICT (microCT)
{58 FH micro-CT# /R RS AR 9776 S5 X I (AR F2

Fsh antibody reduces obesity in mice on a high-fat diet. ¢, TFV, SFV
and VFV measured by micro-CT (representative coronal and transverse
sections from the same experiment; visceral, red; subcutaneous, yellow).
TFV, total fat volume; SFV, subcutaneous fat volume; VFV, visceral fat
volume.

Nature. 2017 Jun 1;546(7656):107-112.
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> PET/ICTFMISPECT/CT
['8F]Fluorodeoxyglucose-PET/CT (®F-FDG-PET/CT)
[123/125]]-B-methyl-p-iodophenyl-pentadecanoic acid-SPECT/CT

oI 2 0 = 5375 e FDGPETCT

PET/CT: positron emission tomography-computed
tomography. SPECT/CT: single-photon-emission
computed tomography-computed tomography.

Cell Metab. 2018; 27:252-262.
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INTRALIPID OR SALINE

INSULIN CLAMP

3-°H - glucose
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Am J Physiol Endocrinol Metab. 2002 Aug;283(2):E346-52.
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» HOMA-IR

The HOMA-IR is being used extensively for estimates of 8 cell function and

insulin resistance, both in clinical practice and studies, with the caveat that it
cannot be used on patients on insulin.

HOMA-IR = (Fasting insulin in mIU/L x Fasting glucose in mg/dL) / 405

Normal reference levels for HOMA-IR range between 0.7 and 2.0.
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Impaired TG Absorption in Lpcat3 IKO Mice. (A) Postprandial TG response in male Lpcat3f
(F/F) and Lpcat3™ Villin-Cre (IKO) mice after oral gavage with olive oil (10 ug/g BW).

Cell Metab. 2016 Mar 8;23(3):492-504.

> RIErRICAERFERE B L4 (BODYPI-Palmitate)
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> RFBEZhREFR#RHM(AST, ALT, LDH)

Cancer Cell. 2014; 26:331-343. Cancer Cell 2017; 31:1-16.
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FERMFER . &%, CO2. IFIKFH(RER). ExFH

‘ =g (IR ARSI S &
1-161818 L3 =4 15 15 £ %2 (Columbus) Vo =B Rt EE R I ENE S8
EFRBREAMBMEBRBERERF Oi=ViIiFHNESIEEIIL
CO,i =ViFWMI —_FURI BRI
11 VO, = Vi0,i-Vo0,0 0,0 =Vo FESEENE 7L
2] VCO, = VoCO,0-ViCO,i CO,0 =Vo F _FHHmBIEMBILL
3] RER =VCO2/VO2
4] EE =3.815 X VO2 + 1.232 X VCO2
RER, respiratory exchange ratio; EE, Energy expenditure




P IRRE D

> R E RN R B

RERE, KTHIKLUEFE

kL EAE;

RERIEK, KTAIKLUEFE
BERG A E.
RER¥EST1, T
RHITIEEN

Energy expenditure of SIRT1** WIdS-/-, SIRT1** WIdS**, SIRT1-- WIdS** and SIRT1--

WIdS mice. D: Oxygen consumption of 18-week-old male mice of the indicated genotypes.

n = 6-8 for each group in (D-G). E: Carbon dioxide release of 18-week-old male mice of the

indicated genotypes. F: Respiratory exchange ratio (RER) of 18-week-old male mice of the

indicated genotypes. G: Locomotor activity of 18-week-old week male mice of the indicated

genotypes. H: Statistical analysis of the results in (D-G). Diabetes. 2011 Dec;60(12):3197-207.
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IL-10 Deficiency Promotes Energy Expenditure. (A and B) , VO2 (mL/kg/hr) (A) and Energy expenditure (EE)
(kCal/kg/hr) (B) of chow-fed 10-week-oldWT and 1110~ mice was analyzed by Columbus Oxymax metabolic

chambers. 12-hr light/dark cycles; 72-hr total duration; and each light/dark bar represents 12 hr duration.

Cell. 2018 Jan 11;172(1-2):218-233.e17.
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Cell Metab. 2018 Jan 9;27(1):252-262
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BERhARI FEE

> eWAT. iWAT. iBATY]FHEZRE

Interscapular BAT (iBAT), inguinal WAT (iWAT), and epididymal WAT (eWAT) depots.

Cell Metab. 2018; 27:252-262.
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Inducible labeling of mature adipocytes. The inducible labeling system of mature adipocytes, produced by
crossing adiponectinP-rtTA (adnP-rtTA) transgenic mice with TRE-cre and Rosa26-loxP-stop-loxP-lacZ transgenic
mice. The triple transgenic mouse, called the AdipoChaser mouse, expresses rtTA in mature adipocytes but does
not express LacZ in any cell type while maintained on food not containing doxycycline (dox). When doxycycline is
included in the food, adipocytes that express rtTA will have the TRE promoter activated so that cre expression is
induced. The Cre protein will specifically cut out the floxed transcriptional stop cassette and then turn on LacZ
expression. Even after withdrawal of doxycycline from the food, these adipocytes will permanently express LacZ,
whereas any new adipocytes that develop after doxycycline exposure will not express LacZ.

Nat Med. 2013 Oct;19(10):1338-44.
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> BRRTRVIEFERER, LARAFR

Systemic washout of doxycycline. 10 week-old male
AdipoChaser mice were maintained on chow diet only (no
dox) or on doxycycline diet for 7 days and then switched to
chow diet prior to sacrifice for 3, 2, 1 days, or overnight.
Relative mRNA expression levels of rtTA, Cre and LacZ in

sWAT of AdipoChaser mice were measured by qPCR assay.

ELTRGNRRE TR R R A ER AR A
parEE sk AtRLacZ. SRIEBIRR/E, HIAEREUAE.
T ER, MAEMATAL S, BT —S4E4
TRE3[#ECrefy3RiE, BZRIEZ8IF~ERCreTBRWKA
i, Ema—ER#E TRNRE.

LYy

- RE R 4 AE

Inducible labeling of mature adipocytes. (b,c)
Representative B-gal (blue) staining of eWAT (b) and
SWAT (c) in male control (mice with only TRE-cre and
Rosa26-loxP-stop-loxP-lacZ) or AdipoChaser mice.
Solid arrows (b,c), LacZ-positive cells; open arrows
(b,c), LacZ-negative cells. Scale bar (black, shown in b,
applies to b and c¢), 200 um; (blue, shownin b, applies to
the insets in b and c), 50 pm.

Nat Med. 2013 Oct;19(10):1338-44.
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HFD-induced adipose tissue hypertrophy and hyperplasia. Representative 3-gal staining of eWAT from 9- to 10-week-old male
AdipoChaser mice that were kept on doxycycline diet for 7 d followed by chow diet for 3 d and HFD for 7, 35, 56 or 89 d. Solid arrows,

LacZ-positive cells; open arrows, LacZ-negative cells.

Lineage of the brown-like adipocytes in subcutaneous adipose tissue after cold exposure. (a) Representative B-gal staining of sWAT
from 10-week-old male AdipoChaser mice that were kept on doxycycline diet for 7 d followed by chow diet for 3 d and then exposed to cold
(CE) overnight (left) or for 3 d (middle) or exposed to cold for 3 d followed by 7 d in room temperature (RT; right). (g) Schematic model showing
that the beige cell population arises predominantly from de novo adipogenesis rather than transdifferentiation. After cold exposure or 33
agonist treatment, most beige adipocytes are induced by differentiating from cell populations other than existing mature adipocytes (beige
precursors) rather than through dedifferentiation of mature white adipocytes. Nat Med. 2013 Oct:19(10):1338-44.
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Nature. 2017 Oct 11;550(7675):S102-S103.
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Nature. 2017 Oct 11;550(7675):S102-S103.
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Typical histologic pattern seen in children
with type 2 NASH.

(A,B) Shows absence of ballooning
degeneration and perisinusoidal fibrosis in
the presence of steatosis and portal
inflammation.

(C) Portal fibrotic expansion and marked
steatosis.

(D) Periportal inflammation without steatosis
in zone 1 (around portal tract) and mild
portal fibrosis in the absence of any fibrosis
in zone 3 (around central vein).

Nature. 2017 Oct 11;550(7675):S102-S103.
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The results of electron microscopy
examination of the liver following
triptolide treatment (8000X and
25000X). Rats were administered 0,
150, 300, or 450 g
triptolide/kg/day by gavage for 28
days. Lipid droplets (L);
mitochondria (M); rough
endoplasmic reticulum (rER) and

150

triptolide (pg/kg/day)

300

nuclei (N) are shown. More lipid
droplets (arrow) were observed in
the triptolide-treated female rats

450

compared with the male rats.

25000X
Female Male

Frontiers in Pharmacology 2016; 7(e100685)
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NTG, TC, LDL-C, HDLC. FFASF

J Lipid Res. 2012 Mar;53(3):358-67.
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> BREBHEZE MInsulin3: &

Kong et al. (2018), Kill two birds with one stone: making multi-transgenic pre-diabetes
mouse models through insulin resistance and pancreatic apoptosis pathogenesis.
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> Insuline@afBERX/NHTE

GLU/INS/DAPI GLU/DAPI INS/DAPI

Mouse adult pancreas

Human adult
pancreas

Beta Cells within Single Human Islets Originate from Multiple Progenitors
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Histology and immunohistochemical staining for

insulin in pancreatic islets of db/db diabetic mice. The pathological role of advanced glycation end products-downregulated heat

shock protein 60 in islet B-cell hypertrophy and dysfunction
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Inflammation

IL-6

Adiponectin

I

Adiponectin.

Lean Obesity

O Adipocyte Macrophage

Trends in Immunotherapy, 2017: 1:67-74.
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> BERASE

Frontiers in endocrinology, 2013; 4: 52.
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> EE'HTJ' *ul HEE(J%E%‘I% Macrophage (F4/80)

Diabetes. 2012; 61(7):1801-1813. Cell. 2010; 140(2):197-208.
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Aida Deficiency Upregulates Lipid Absorption in the Small Intestine. (C) Lipid droplets in enterocytes of the
proximal small intestine from 3-day HFD fed male Aida”/ or WT mice visualized by electron microscopy. Mice were
fasted for 8 hr followed by high-fat refeeding or left unfed for another 1 hr. Scale bar, 5 mm. (D) Oil-Red-O staining of
villus of proximal small intestine from 3-day HFD-fed male Aida’-or WT mice. Mice were treated as in (C).

Cell Metab. 2018 Apr 3:27(4):843-853.
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> RAFRICIERTER R ERSELE (BODIPY-Palmitate)

Impaired TG Absorption in Lpcat3 IKO Mice. Fluorescence images of small intestines of Lpcat3™f (F/F) and Lpcat3"f
Villin-Cre (IKO) mice, and wild-type C57BL/6 and Cd36--mice after oral gavage with olive oil containing BODIPY-labeled FA
for 2 hr.

Cell Metab. 2016 Mar 8;23(3):492-504.

Mfge8 mediates absorption of dietary fats. Fecal and
serum BODIPY concentrations in Mfge8** and Mfge8~/~
mice after gavage with a mixture of BODIPY fatty acid
analog and a nonabsorbable rhodamine-PEG.

Nat Med. 2014 Feb;20(2):175-83.
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Intermittent Fasting Promotes White Adipose Browning
and Decreases Obesity by Shaping the Gut Microbiota

Gut Microbiota Mediates EODF-Induced WAT Beiging.
(B) UniFrac distances of AL and EODF mice; (D) Hierarchical clustering diagram comparing ceca of AL and EODF mice.

UniFrac distances: =B FELEEMEEEZNEESE
=, MASERFYEHLE R R BHEREST
EHHNIERPERETERENNEMREER,
Cell Metab. 2017 Oct 3;26(4):672-685.
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Cell Metab. 2017 Oct 3;26(4):686-692.
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Nature. 2020 Jul;583(7818):839-844.
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Nutrients. 2018; 10:1383.
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> BE##(Lipolysis)

AEREIR G

Liver ...

Cell metabolism. 2012; 15(3):279-291.
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> BRRAES S 1K (fatty acid oxidation)

Schematic of fatty acid metabolism and the expression of
enzymes directly participated in fatty acid oxidation, synthesis
and storage in diabetic mouse liver. Red color represents the
enzyme genes upregulated in diabetic mouse liver.
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Hipid Synthesis Lipolysis ‘EAO Browning  Cell metabolism. 2019; 30(4), 833-844.

v RNA-seq& RGO, KEGG, W% 45#r(Ingenuity)ZF

Relative mRNA level

PLoS ONE. 2011; 6(11): e27553
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J Lipid Res. 2012; 53(3):358-67. Cell metabolism. 2013; 17(4):575-585.
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Z EhidHES A % 1LES(Acetyl-coenzyme A carboxylase, ACC)BEEE H A st it B iHBEA S B ES (long
chain acyl-CoA synthetase, ACS) A LUBZ IS ACCHIESSE Hie MBS AL Y. ISR, 3+
1B SMINADK EFHITEE T4

AR st 45588 1 (Carnitine palmitoyltransferase-1, CPT-1) B§3E S804 7T LUBIEIE CPT-1 BIESSE
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The activity of ACC, the rate-limiting CPT-1 activity in the liver of  The enzyme activity of ACS, a crucial
enzyme in lipid synthesis, was male Patt1 LKO mice was enzyme catalyzing the pre-step reaction for
attenuated in the liver of male Patt1. upregulated. B-oxidation of fatty acids, was upregulated

in the liver of Patt1 LKO mice.
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3H-palmitate 3H-Glucose >>> Lipid  3H-palmitate >>> 3H,0
o 1.5- 2 1.5 2.0
= g; §e)
o
TEu Q s % @ 1.5
a ©1.0- $10- ok ><
L O w £0
A 3 g 87§ 1.0-
0T 2 0.9
> 50.5- 5 0-5- 2%
T > © ~ 0.5
& © ° |
0.0- ©0.0- 0.0-L
CTR LKO CTR LKO CTR LKO
Fatty acid uptake in hepatocytes of Lipid synthesis in hepatocytes of Fatty acid oxidation in hepatocytes of
Patt1 LKO mice was attenuated as Patt1 LKO mice was decreased as  Patt1 LKO mice was increased as
measured by 3H-palmitate measured by the incorporation of determined by the liberation of 3H,0

incorporation. 3H-glucose into lipid. from 3H-palmitic acid oxidation.
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Fatty acid uptake in hepatocytes of Lipid synthesis in hepatocytes of Fatty acid oxidation in hepatocytes of
Patt1 LKO mice was attenuated as Patt1 LKO mice was decreased as  Patt1 LKO mice was increased as
measured by 3H-palmitate measured by the incorporation of determined by the liberation of 3H,0
incorporation. 3H-glucose into lipid. from 3H-palmitic acid oxidation.
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Nature. 519, 242-246,2015 Am J Physiol Endocrinol Metab 2003; 285: E1230-E1236.
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Cell Metabolism. 2018; 27:252-262.
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Schematic of gluconeogenesis, glycolysis and
glycogen metabolism, and the expression of
enzymes directly participated in these processes
of diabetic mouse liver. The key enzymes include
HK, PFK-1 and PK for glycolysis, G6Pase, FBPase
and PEPCK for gluconeogenesis, HK, UDP-GP and
GS for glycogen synthesis, and GP for
glycogenolysis.
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Circulation. 2019 Jan 2;139(1):119-133.
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[[1-]. [2-], [5-]. [6-"°C]Glucose]  [[1-], [2-], [5-], [6-"°C]Glucose]

[3-"°C]Lactate] [[3-"*C]Alanine]

Nat Med. 2018 Sep;24(9):1384-1394.
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Biochem J. 1954 Jul;57(3):410-6.
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Characterization of LPCAT3 KO mouse. (C) Total cholesterol, phospholipid, and triglyceride levels in the plasma from
10-day-old WT and LPCAT3 KO mice. (D) Small intestine Oil Red O staining from 10-dayold mice.

(E, F) Western blots fluorogram and quantitation of NPC1L1, CD36, FATP4, ABCG8, ABCA1, and MTP in enterocyte
homogenates from LPCAT3 KO and WT small intestine. g-Actin was used as a loading control.

Gastroenterology. 2015 Nov;149(6):1519-29.




B FRIHRE D

> BEEFHSREHY

Gut Microbiota Mediates EODF-Induced WAT
Beiging. (C) Z scores for genera between AL and EODF
mice; (E) Representative Phyla Operational Taxonomic
Unit (OTU) abundance (%) of ceca of AL and EODF
mice;

Cell Metab. 2017 Oct 3;26(4):672-685.e4.
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Microbiota Metabolites Underlie the Mechanism of EODF-Induced Beiging. (A) Orthogonal projection to latent structure-
discriminant analysis (OPLS-DA) scores (left) and correlation-coefficient-coded loadings plots for the models (right) from NMR
spectra of cecal content aqueous extracts from mice after long-term EODF treatment; (B) OPLS-DA scores (left) and correlation-
coefficient-coded loadings plots for the models (right) from NMR spectra of cecal content aqueous extracts from mice after

short-term EODF treatment; n = 10 mice/group. Gell Metab. 2017 Oct 3:26(4):672-685
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Gut Microbiota Mediates the Effects of EODF on Metabolic Syndrome in DIO Mice. (A) Body weight. Before EODF or
microbiota transplantation (MT) treatment, all mice were given access to control vehicle (CV) water or water supplemented
with an antibiotics cocktail (AB) for 4 weeks. n = 6—8 mice/group.

(AeEIEY b

Microbiota Metabolites Underlie the Mechanism of EODF-Induced Beiging. (C and D) Cecum and serum acetate (C)
and lactate (D) levels from mice after long-term and short-term EODF treatment. Cell Metab. 2017 Oct 3;26(4):672-685.
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Figure . Neural Control of Energy Balance and
Hunger.

The anatomical location of key structures, the
neuronal wiring diagram, and the synaptic
mechanisms by which the arcuate nucleus—-based
system regulates hunger and satiety are shown.
Agouti-related peptide (AgRP),
proopiomelanocortin(POMC), and vesicular
glutamate transporter 2 (VGLUT2) neurons in the
arcuate nucleus project to and regulate the
activity of melanocortin 4 receptor (MC4R)-
expressing satiety neurons in the paraventricular
nucleus of the hypothalamus (PVH). These PVH
satiety neurons then project to and regulate the
activity of satiety neurons in the lateral
parabrachial nucleus (LPBN). a-MSH denotes
alpha melanocyte-stimulating hormone, GABA y-
aminobutyric acid, and NPY neuropeptide Y.

N Engl J Med. 2019; 380:459-471
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Neural circuits that mediate the effect of melanocortin on food intake and energy expenditure are shown.
Proopiomelanocortin (POMC) neurons and agouti-related peptide (AgRP) neurons in the arcuate nucleus of the
hypothalamus (ARH) regulate food intake through stimulating or inhibiting lateral parabrachial nucleus (LPBN)-projecting
melanocortin 4 receptor (MC4R)-expressing neurons in the paraventricular hypothalamus (PVH),respectively. POMC
neurons that project to the spinal cord stimulate adaptive thermogenesis in brown adipose tissues through the MC4R in
sympathetic preganglionic neurons that are located in the intermediolateral column (IML).

Nature Reviews Neuroscience 2016; 17:282-292.
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The ARC contains orexigenic NPY/AGRP and anorexigenic CART/POMC neurons,
which are direct leptin targets
A
Males —— Pomc-Cre, Lepr flofox
40 —o—  Lepr "lox/fox
30
C
20 -
10 -
012345678 91011121314
Weeks of age
Representative in situ hybridization for Pomc Body weight curve of male Lepr flox/flox
(DIG, brown stain) and Socs3 ( 35 S, silver and Pomc-Cre, Lepr flox/lox mijce.
grains) mRNA.
Neuron. 2004; 6:983-991.
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Deletion of the Bdnf Gene in the
PVH Using the Sim1-Cre Transgene.
(A) Immunohistochemistry image
showing b-galactosidase-expressing
neurons in the PVH of Sim1-
Cre;Bdnf klox/+ mice. The brain
section was counterstained with
Nissl.

(B and C) In situ hybridization of
Bdnf mRNA revealing abolishment
of Bdnf gene expression in the PVH
of Sim1-Cre;Bdnf lox/lox mice at 4
months of age.Arrows denote the
PVH.

(D) Body weight of male Sim1-
Cre;Bdnf lox/lox mice and littermate
controls. Two-way ANOVA indicates
a significant effect of genotypes on
body weight:

(E) Body weight of female Sim1-
Cre;Bdnf lox/lox mice and littermate
controls. (F-H) Fat pad mass, body
length, and blood glucose levels in
Bdnf lox/lox mice and Sim1-
Cre;Bdnf lox/lox mice at 20 weeks

Cell Metab. 2015 Jul 7;22(1):175-88.
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Hypothalamic nuclei, including ventromedial hypothalamus

(VMH), have been demonstrated to have specific functions in the

regulation of energy balance. Evidence from human studies and Female
transgenic mice lacking the type 3 adenylyl cyclase (AC3)

indicates that AC3 plays a role in the regulation of body weight.

Male

AC3 in the hypothalamus contributes to obesity.

A.Representative mice at weeks 10 after AAV-GFP and AAV-GFP-CRE
injections. B. Daily food consumption of AC3 lox/lox mice with AAV-GFP and
AAV-GFP-CRE injections. C-D. Body weight in female (C), Male (D)mice after
introhypothalamus injection of AAV-GFP and AAV-GFP-CRE.

Integr Obes Diabetes. 2016;2(2):225-228.
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c—j,Representative histological examples and quantification of coincidence of mCherry and Fos
expression. k, Degree to which various conditions reduce food. |, Appetite suppression correlates with
the percentage of PBelo CGRP neurons expressing Fos. Nature. 2013 Nov 7;503(7474):111-4.
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Cell Metabolism 29, 1291-1305, June 4, 2019
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Measurement of Amino Acids in Liver: Amino acids were detected using
the MRM mode by monitoring specific transitions under positive electro spray on API
3200 triple quadrupole LC/MS/MS. Quantification was done by comparison of
individual ion peak areas to that of an internal standard.

Cell Metabolism 29, 1291-1305, June 4, 2019
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A, A typical workflow for increasing confidence in metabolite identification can be broken into 4 steps.
B.Current MS/MS spectral libraries based on authenticated metabolites are small compared to the
complete chemical space (PubChem) Mass Spec Rev. 2018:1-21.
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Omics-Driven Systems Interrogation of Metabolic Dysregulation in COVID-19 Pathogenesis

Cell Metabolism 32, 188-202.e1-e5, August 4, 2020
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Measurement of metabolite flux using isotope tracers. A) Flux is measured as the (rate of infusion)/(isotopic
enrichment of tracee). B) Labelled substrate is introduced into a precursor pool (Pool #1) in vivo. The
substrate is then processed via a series of enzymatic steps (E1, E2, E3) and combined with other precursors
until the final product is produced, the product pool (Pool #2). By measuring the percent enrichment of both
Pool #1 and Pool #2 with the isotopic label, the fractional transfer of label from substrate (tracer) to product
can be assessed. Fractional transfer from precursor to product is measured as the (isotopic enrichment of
product)/(isotopic enrichment of precursor).

VOLUME 7 | JUNE 2006 | 449
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Schematic of carbon atom transitions using 1:1 mixture of 13C, glucose and 1-13
C,-labeled glucosewhere MO refers to the isotopologue with all 12C atoms and M1
and higher refer to heavier isotopologues with one or more 13C atoms derived from

the tracer. Zhao et al. eLife 2016;5:e10250.
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Scheme of the carbon flow by [1,2-13C]glucose tracer analysis.
White and red circles are 12C and 13C.
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[U-2H, U-13C] glucose signals are detectable in vivo.

(@)13C NMR spectrum of [U-2H, U-13C]glucose in vitro (b)Representative 13C tumor
spectra acquired between 16 s and 36 s after the intravenous injection of 0.35 mL 100
mM hyperpolarized [U-2H, U-13C]glucose.

Nat Med. 2014 January ; 20(1): . doi:10.1038/nm.3416.
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In Vivo Labeling from ccRCC Tumors and Adjacent Kidney Infused with [U-13C]Glucose

(A) Schematic for metabolism of [U-13C]glucose. “Labeled’’13C carbons are colored circles and
““unlabeled’’12C carbons are white circles... . (B) Representative 1H-decoupled 13C NMR tumor spectrum
from patient RCC2. The inset is a magnification of the peaks from glutamate (Glu) at carbon 4 (C4).

Courtney et al., 2018, Cell Metabolism 28, 1-8
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Nat Methods. 2019 Jul;16(7):649-657.
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Dev Cell. 2020 Apr 20;53(2):240-252.e7.
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