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What is metabolism?
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The ‘appeal’ of metabolism

* Metabolism = complex

* Diverse targets
— Chemistry
— Structure

« Abundance

 Essential for cellular
function

 Snapshot of physiology

Genome —Transcriptome —» Proteome — Metabolome

\
| PHENOTYPE |

DNA » RNA » Protein — Small
molecules




Overview

 Why measure it?



Why?

 |Interest

— “desire to understand the beginnings of the self”’
— Lewis Wolpert

 The metabolic life course of the embryo



Developmental milestones

5-7 days, depending on species

Blastocoel

TE

* Genetic * Increase « Genome « Cell-cell + Differentiation
material cell number activated junctions  Protein synthesis
combined begin to * Na'/K* ATPase

form * True growth
. * Prep for implantation
Smith and

Sturmey, 2013,
Biochem Soc
Trans



Uptake Production

Pyruvate H,0
Lactate Co,
Glucose Lactate
o Amino acids
Lipid
NH,*
Amino acids
Enzymes
Oxygen
pH Hormones
Cytokines
Most studies do not measure: Proteins

SELWEIS
flux

interaction
signalling events
regulation




Glucose, Lactate, Pyruvate

500
. A ..
E | y
E 300
2%
&5
% 8 B
£® 2004
= % |
g8 1
¥ g
7
/
7

1-cell
2-cell

Houghton et al 1996

4-cell

morula

blastocyst

Day 6.5

[ Pyruvate consumption
[ Glucose consumption
Lactate production

Day 7.5

100 ~
90 -
80
70 A
60
50 -
40 ~
30 ~
20 +
10 ~

'-.'w'

pmol/embryo/h

2-4CELLS 5-8CELLS MORULA EARLYBL

W Pyruvate uptake

Guerif et al 2013

B Glucose uptake

SXPANDED HATCHED
BL BL

m Lactate production

15

Z
3

10 ~

5 - - -

<
IS
> 0
e
£
2
S -5
2 5
o L

-10 1 m Glucose Depletion

M Lactate Appearance -
-15 4
*kkk
-20

Zygote 2 cell 4 cell

Sturmey & Leese 2003

8 cell

Morula

Early
blastocys

Expanded
blastocyst

Opyruvate
50 Bglucose

Bactate

-

20
10
01
-10
-20
-30
40

!

%

Y/

Leary et al unpublished



Powering development

“Pyruvate appears to be the central energy substrate in those species in which
energy source requirements of the embryo have been examined. During the
first day or two of the embryo’s life, glycolysis has a very low capability, but
after blastocyst formation there is a sharp increase in glycolytic ability.

The Krebs cycle is the main source of energy throughout the preimplantation
period. Large increases in oxygen consumption and uptake and incorporation
of carbon occur at about the time of blastocyst formation.

The embryo goes from a relatively inactive metabolic tissue at ovulation to a
rapidly metabolizing tissue at implantation.”

Ralph Brinster (1973) Nutrition and metabolism of the ovum, zygote
and blastocyst. Handbook of Physiology (R.O. Greep ed)

Embryos have lipid stores as well... another story...



ATP production throughout development

350

» Increase in ATP

% 300 B ATP from anaerobic glycolysis .

E W ATP from aerobic metabolism I’ECIUIl’ementS
E 0 throughout

S development
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5 » Principle route
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Expanded Blastocyst

Based on Sturmey and Leese 2003

NOT ALL OXYGEN CONSUMED BY EMBRYOS IS USED ‘PRODUCTIVELY’!
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% of basal blastocyst OCR
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40.00 -

20.00 -

0.00

Blastocyst mean

@ Spare capacity 89.00

OUncoupled from ATP

Synthesis 21.21

@ Non-mitochondrial 12.79

@ Complex II/FADH2 7.92

@ Complex I/NADH 58.08

Self correcting nature of science!

Not all oxygen makes energy

A new systematic profile of
blastocyst OCR, using
nanorespirometry

New information on the fate of
energy substrates from the TCA
cycle

Enables review of previously
publlshed data

ATP production has been overestimated
— e.g. 120pmol/embryo/hr (Sturmey et al.
2003)
— 1 66% OCR coupled to ATP production,
63.36 pmol/embryo/hr

These data highlight the plasticity of
embryo metabolic regulation

McKeegan & Sturmey in prep



Biomarkers of viability?
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Aneuploidy
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Human Reproduction, ¥ol.19, Mo.d pp. 455-461, 31014
Advanced Access publication on January B, 2004 doi: 1101093 MhumeepS/detd 56

human
reproduction

No evidence that embryo selection by
near-infrared spectroscopy in addition
to morphology is able to improve live
birth rates: results from an individual
patient data meta-analysis

C.G. Vergouw'*, M.W. Heymans?, T. Hardarson?, L.A. Sfontouris,
K.A. Economous, A. Ahlstrém?, L. Rogberg?, T.G. Lainas*, D. Sakkas$,
D.C. Kieslinger', E.H. Kostelijk', P.G.A. Hompes', R. Schats', and
C.B. Lambalk'

\ o




Overview

* The importance of metabolism



Question:
Does metabolism programme development?

Answer pending, but evidence provided
by Dr Veerle Van Hoeck, Prof Jo Leroy,
Dr Paul McKeegan and Christine Leary

l‘




Impact of excessive fat exposure

* Bovine model where OOCYTES were exposed
to elevated, but physiological NEFA

Cell count/allocation
Apoptosis

Amino acid profile
Energy metabolism
Gene expression

Elevated Non
Esterified

Fatty Acids : ﬂ:
’




Cell count and apoptotic cell ratio

REDUCED QUALITY

CONTROL HIGH SA HIGH COMBI
CELL NUMBER 125.8 + 29.43 105.4 + 24.7° 104.7 + 26.1P
APOPTOTIC CELL  (0.085 + 0.0532 0.18 £0.078> | 0.14 +0.12° |

RATIO

ab Different superscripts per row indicate a significant difference between
treatment groups (P < 0.05).

Van Hoeck et al 2011



Blastocyst metabolic ‘quality’ reduced

REDUCED VIABILITY

(Leese et al., 2002; Sturmey et al., 2009)
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ab  Different superscripts per row indicate a significant
difference between treatment groups (P < 0.05).

Van Hoeck et al 2011



Metabolic strategy

OCONTROL MEHIGHSA ®HIGH COMBI

ﬁifiﬁiflfi

TP53 SHC1 SHC PLACS PTGS2

DNMT3A

SLC2A1

GADH G6PD

IGF2R

apoptosis quality

de novo

growth factor metabolism

methylation

RESEARCH

Oocyte developmental failure in response to elevated

nonesterified fatty acid concentrations: mechanistic insights

V Van Hoeck, ] L M R Leroy, M Arias Alvarez'!, D Rizos?, A Gutierrez-Adan?, K Schnorbusch,

P E ) Bols, H ) Leese* and R G Sturmey3

@ pros ene

OPEN a ACCESS Freely available online

Elevated Non-Esterified Fatty Acid Concentrations during
Bovine Oocyte Maturation Compromise Early Embryo
Physiology

Veerle Van Hoeck', Roger G. Sturmey?, Pablo Bermejo-Alvarez®, Dimitrios Rizos?, Alfonso Gutierrez-
Adan®, Henry J. Leese®, Peter E. J. Bols’, Jo L. M. R. Leroy"

1 Laboratory for Veterinary Physiology and Biochemistry, Department of Veterinary Sciences, Faculty of B ical, Phar al and Veterinary Sciences, University of
Antwerp, Wilrijk, Belgium, 2 Hull-York Medical School, University of Hull, Hull, United Kingdom, 3 Departamento de Reproduccitn Animal y Conservacién de Recursos
Zoogenéticos, INIA, Madrid, Spain




Increased expression of FA Synthesis genes
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lipid uncoupling fatty acid mitochondrial ROS
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superscripts a, b: P < 0.05. superscripts *,$: P < 0.1

...and In the

Van Hoeck et al 2013 hiitman?



Human embryos at risk?

 Human embryos from oocytes collected from
overweight/obese women compared to those
from women of healthy body weight

Iov 3

Matched fertilisation
and culture
environment

Cell count/allocation
Apoptosis

Amino acid profile
Energy metabolism
Birth weights

Follicle differences
due to maternal

physiology



Human oocyte size inversely correlated to BMI
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169 MIl oocytes, from 22 patients.

Mean of 9.24 £ 3.63 (SD) oocytes per
patient.

Mean oocyte diameter was 134.25 +
3.49um (SD).
Mean diameter of OWOB oocytes was

133.1 + 3.63um (SD) compared to those
of a healthy BMI 135.78 + 2.82um (SD).

Morphokinetic differences — embryos
from overweight women show
precocious development to morula



Embryos from overweight women have
altered energy metabolism

5 B e conmter
14 -pyruuate consumption
12 E
§
Elﬂ . *# Em—
= 2
S 4 S s0-
H
) |
i}
<143 *25 - normal weight owob
BMI classification (kg/m2) BMI Classification (kg/m2)
160 $ .
- * Increased intracellular TG
140 4 oge R . . .
.&133‘444 , e Diminished capacity for
S 1201 . .
g s . glucose consumption
5 100 ° « <o . . .
: : .", . * Replicated in 3 independent
3 80 - ofesLeeso ¢ . .
3 . studies with over 900 human
60 1 ofe .
”f - embryos
40 - hd 3875
i : * Independent of male
0.
weight Nor;nal OWIOB Nonl'nal OWIOB Nonl'nal OWbB
Total cell count ICM count TE count

Leary et al Hum Rep &

2 Ya Y N



Impact?
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Conclusion

HOW?

No metabolic insult here

| >

Lets consider what Changes:
does happen here Development
Cell number
Phenotype
Gene expression patterns
Metabolic
insult here




LETTER

The DNA methylation landscape of human
early embryos

Hongshan Gucu , Ping Z.hu *, Living Yan'**, Rong Ll‘ Buqla.ngliu Ying Llan -, Jie Yan'*, Xiulian Ren', Shengli Lin'*,
Junsheng Li"”, Xuohu Jin'? )(.laoda.n Shi*? ng hu f Xlaaye Wa.ng Wei Wang”, Y‘uan Wei', Xianlong LT, Fan Guo,
Xinglong Wu' Xiaoying Fan', Jun Yong', L Wen', Sunney X. Xie', Fuchou Tang"* & Jie Qlao' i

dol:10.1038/nature 13544
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Two highly specialised, differentiated cells
form undifferentiated totipotent cells
All* genome marks are removed and replaced

Rewriting the genome

Influence of Metabolism
on Epigenetics and Disease

William G. Kaelin, Jr.'* and Steven L.

"Department of Medical Oncology. Dana- Fmaunmnm&wmwumswm: Harvard Medical Schoo, Boston, MA
02215, USA

“Howard Hughes Medical Institute, Chevy Chase, MD 20815, USA
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Figure 1.
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synthesis requires coenzyme A {CoA). Ac-CoA can be regenerated in chemical

histone ceacetylases requires NAD-. leading to0 the generation of C-acetyt-
ADP ribose and nicotinamice (NAM). NAD+ is produced from NMN [nicotin-
amide mononuciectide), which can be salvaged from NAM or produced de
novo from tryptophan. For simpiicity, enzymes cataly2ing the various reactions
are not shown.



Genetic/epigenetic
consequences

Compared
transcriptome and
epigenome using

Embryogene platform

Activated 7>
metabc:
(L-carniti

Measured pyruvate, glucose and
oXygen consumption



Metabolic phenotype
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-log10(p-value)

BMA (KO FAO)

volicano plot ot told-changes and p-values
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Differential expression in L-carnitine

Stimulate FAO

1.5

1

5
0
5

S =
abueyo pjo4 Go

-1.5

-2

gEXdELl
20EHN
YrSeEdAML
LSO
2L
LGIANZ
Wadvdl
LHdNM .
ZNDL
OLLSHD
IXOSD _|
PEME)
101SD
WL T
2991d
ZLOvd
&5d
AN
EZNCTD
BHWLN _
ZZYPdAD |
LidL
FANFHL
g1soY
FLODOY
MG
1AELS
AV
eSSy

edd4H

uonduosues |

ulalold

Aoueubald

Aisaqo

WISIjoqeI1siN

[eIpUOYI0NN



KO FAO

Differential expression in B-Mercaptoacetate
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Differentially methylated regions

BMA (KO FAO)

volcano plot of told-changes and p-values
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Blastocyst environment and its influence on offspring

cardiovascular health: the heart of the matter

Watkins and Fleming: Journal of Anatomy 215: 52-59 (2009)

Periconceptional environment Potential programming emcts

Elavatnd lung‘tomm
ACE activity

Maternal metabolism and nutrition

@ Altered heart structure

In vitro cufture conditions

Endothelial dysfuncticn
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DISEASE AND
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What are the easiest ways to change
embryo metabolism?



Assisted Reproduction
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Dynamic metabolism

* Glycolytic activity of freshly-flushed mouse embryos and

cattle embryos increases immedi **ely following culture
100~

=

*%*

807

Glycolytic rate (%)
NS
S

Hours in culture

Gardner & Leese 1990



Change the medium...



Birthweight distributions of live born singletons resulting from embryo culture in
either Vitrolife or Cook sequential media
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Dumoulin, J. C. et al. Hum. Reprod. 2010 25:605-612;

doi:10.1093/humrep/dep456
Copyright restrictions may apply.




Differences in gene expression profiles
between human preimplantation
embryos cultured in two different IVF
culture media’

Sander H.M. Kleijkers', Lars M.T. Eijssen?, Edith Coonen',

Josien G. Derhaag', Eleni Mantikou®#, Martijs ). Jonker?,
Sebastiaan Mastenbroek?, Sjoerd Repping?, Johannes L.H. Evers',
John C.M. Dumoulin', and Aafke P.A. van Montfoort'*

Table IY Pathways with a significant overrepresentation of DEGs clustered per biological process.

Hum Rep 2015

Pathway Positive Measured Total % Z-seore
(r genes) (n genes) penes
Cell-cycle repulation
RE in Cancer 20 o5 i 21.05% S.A&
Gastric cancer namwark 2 5 15 i3 20,005 L&7
Gl w5 cell-cycle contr G B2 B9 | £ 52% 1eg
DA, Reslication & iR 50 |5.79% 125
Apaplosis
Apaptodis I 73 BS |5.07% 184
TPRI Matwork 4 17 13 2353% 174
DA Damape Response ¥ &l 75 |£.75% 133
DA Damape Response (anly ATM dependert) I BS 1ol | 2.54% 133
miRMA Regulation of DMNA Demape Respanse 3 1] 104 13.54% 127
Protein processing
Parkin-Ubiquitin Proteasarnal System pathay G 5B 75 |5.52% 170
Protessome Degradaton 8 o4 &7 124.31% 140
Metabolism
Glyearaphospholipd Biosyrthetc Pathway & 13 EL 26.05% 173
Felate Metabeolam a 50 139 | 6,005 145
“izarmin B2 Meubeolism & 16 14 | &.67% 120
SREBF arnd miR33 in cholesters) and ipid homeostasis 3 15 ) 20.00% 1.08
Muclear Receptars in Lipid Metabobem and Toxicizy 4 13 45 |7.35% 106
COhddative phospharylation 7 52 B9 13,465 I.9&
Drevelapment
Hedpehag Signaling Pathway 3 13 17 23.08% 137




Dysregulated
metabolism here

Changes glucose metabolism,
triglyceride levels, gene expression
and epigenotype here




Summary

Metabolism is a broad term that refers to the
processes to provide the fuel and blocks to support
‘everything’

We have a picture of embryo metabolism

That picture Is evolving

Embryo metabolism can be changed, but with
consequences...

Little changes, ‘insignificant choices’, can have big
Impact...

— Epigenetics?

— Signaling?

— Life long health?
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