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Abstract

Brown adipocytes play a primary function in body heat generation in mammals
as they contain multiple lipid droplets and high numbers of mitochondria, making
them a promising target for possible obesity intervention. Previous studies described
the function of the enzyme N-Acetyltransferase 8-like (Nat8l) in brown adipocytes (1)
and showed that overexpression of this gene resulted in increased brown phenotype
and in a massive increase of the brown marker gene Uncoupling Protein 1 (UCP-1).
In this part of the project, we aimed to elucidate the role of the enzyme
aspartoacylase (Aspa), which converts NAA into aspartate and acetate, in
immortalized brown adipocytes (iBACs) overexpressing Nat8l. Nat8| uses acetate
and aspartate to produce N-acetylaspartate (NAA), the substrate for Aspa activity in
the NAA pathway. For this assessment, the protein production and gene expression
UCP-1 was chosen as the main parameter of evaluation. In this study, we
demonstrated that the increased expression of UPC-1 in Nat8-L over-expressing
cells is Aspa-dependent. We hypothesize that increased expression of UCP-1 in
brown adipocytes through the NAA pathway requires the full or enhanced enzymatic

activity Aspa additionally to the overexpression of Nat8-L.



Introduction

Understanding the biological and metabolic mechanisms involved in brown
adipogenic differentiation could open different strategies for induction of glucose and
Free Fatty Acid (FFA) degradation in obese humans. Brown adipocytes can be
activated upon physiological stimuli such as cold for heat generation, by dissipating
energy in form of heat, and excess fat diet. It has also been shown that there is a
negative correlation between weight gain, obesity and brown fat content.
Interestingly, Nat8l overexpression leads to the increase of UCP-1 expression in
brown adipocytes and consequently it increases the brown adipogenic phenotype,

enhances the lipid turnover and the oxidative potential brown adipocytes.

NATS8L utilizes acetyl-CoA as a substrate to produce NAA, which is then hydrolyzed
by the aspartoacylase (Aspa) to yield acetate, which can in turn be used for FFA

synthesis. Thus, these FFA could lead to the activation of UCP1 expression.

Previous findings include:
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Figure 1.

A. UCP-1 expression is significantly increased in differentiated cells by day 7 and this
expression is enhanced in cells over expressing Nat8|.

B. UCP-1 and NATS8L are expressed in the mitochondria of brown adipocytes.

C. Model proposing the NAA pathway as an alternative acetate source for cytosolic

acetyl-CoA production.

Results

1. Replicate 1: In order to investigate the role of Aspa silencing in brown adipocytes
over expressing Nat8l in terms of UCP-1 expression; relative mRNA expression of
Nat8l, UCP-1 and Aspa were measured by gPCR and protein production of UCP-1

and ASPA by western blots.
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Figure 2.

A. Aspa silencing was successful in control cells.

B. Aspa is silenced in Nat8l o/e iBACs and the increased UCP-1 upregulation is
blunted when Aspa is silenced. However, the standard variation between the strains

replicates suggest that new biological replicates are necessary to confirm this

findings.
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C. The UCP-1 and Aspa protein expression in the used cell lines (all differentiated to
brown adipocytes) was inconclusive. The western blots results cannot be taken into
consideration as protein expression across the cell lines and duplicates are
inconsistent. Beta-Actin was used as a loading control and it can be concluded that

the protein profiles must be repeated.

2. Replicate 2: The overall objective of Replicate 2 was to corroborate the results
obtained from Replicate 1 and to reduce the standard variation across samples. This
experiment followed the same procedures, described in the methods section, as

Replicate 1 for iBACs adipocytes.
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B. Oe. Nat8I-Control vs. Oe. Nat8Il-siAspa
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Figure 3.

A. Aspa silencing resulted in a reduction of UCP-1 mRNA expression in comparison

B

mAspa

to control adipocytes.

B. Aspa is silenced in Nat8l o/e iBACs and the increased UCP-1 upregulation is
blunted when Aspa is silenced. It can be concluded that in order to increase the gene

expression levels of UCP-1 the overexpression of Nat8l must be accompanied by

Aspa expression.
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Figure 3.
A. The relative mRNA expression of Aspa, Nat8l and UCP-1 can be observed across
strains in this graph. It can be concluded that gene expression of the 3 targeted

genes is enhanced in the overexpressing Nat8l cell lines.

3. Replicates 1 & 2 mRNA expression: The gene expression profiles of the 2

biological and technical replicates were graphed together for comparison.
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Figure 4.

A,B,C. Replicates 1 & 2 showed a similar gene expression pattern of Aspa, Nat8l and
UCP-1. Nevertheless, it can be observed that the standard variation in Replicate 1 is
much higher than Replicate 2 and therefore unreliable. It could be concluded that the
results obtained from Replicate 2 are significant and follow the initial hypothesis of

this project.

4. Protein expression of UCP-1 and Aspa in iBACs overexpressing Nat8l: The
protein production was detected by the western blot technique. Table 1 shows
protein profiles for passages 1 and 2, and Table 2 demonstrates passage 3 for each
of the iBACs strains evaluated in this project. 70ng of protein were loaded onto 12%
gels and runned in MOPS buffer. The imaging process was done through

chemiluminescence.



Table 1.

Protein | Control | Cntl-siAspa | Oe.Nat8| Oe. Nat8l-siAspa | kDa

UCP-1 33
e

B-Actin ] [ — 42

ASPA 34

UCP-1 expression is increased in brown adipocytes that have overexpression of
Nat8l as well as Aspa activity. In the absence of Aspa, UCP-1 protein levels are
notoriously reduced. Beta-Actin detection included as loading control. On the
contrary, expression of Aspa is inconclusive; the protein levels differ even among
strains’ duplicates. Replicates of Aspa expression are suggested for further

experiments.

Table 2. Replicate 3: UCP-1 and ASPA protein expression of Passage 3 of iBACs
strains. B-Actin loading controls are included for each target. As observed in Table 2,
UCP-1 protein levels are increased in overexpressing Nat8l cells that also have Aspa
activity. In conjuction, this replicate also confirmed that the inconclusive protein
profile of Aspa in the strains observed in previous samples persisted in replicate 3.
Levels of ASPA protein don’t seem to be reduced in the strains with the silencing of

the Aspa gene.



Protein Control Cntl-siAspa | Oe.Nat8l | Oe. Nat8l-siAspa | kDa
UCP-1 s . 33
B-Actin - 42
ASPA - 34

N —

Conclusions:

e Overexpression of Nat8l in iBACs leads to an increase in gene expression of
the brown marker UCP1.

e \We observed that the increase of UCP1 expression in overexpressing Nat8l
cells is dependent on Aspa activity.

e The NAA pathway could serve as an additional acetyl-CoA-metabolizing
mechanism in brown adipocytes. Overexpressing Nat8l and expression of
Aspa in brown adipocytes could result in increased acetyl-CoA flux via the
NAA pathway and higher cytoplasmic FFA anabolism, resulting in elevated
triglycerides’ synthesis. A parallel increase in lipolysis followed by an activation

of B-oxidation can then restore acetyl-CoA back to the mitochondria, inducing



lipid turnover and the oxidative potential of the brown fat cell and thereby
boosting the brown adipogenic phenotype.

e The results from the protein production do not correlate with the gene
expression patterns observed in this project. Further replicates of Aspa protein

expression in similar experimental conditions are recommended.

Methods:

An immortalized brown adipocyte cell line (iBACs), was used to test over-expression
of Nat8-L accompanied by silencing of ASPA in terms of UCP-1 gene expression and
protein levels. Cells were induced to differentiate at the day of confluence with 0,5
mM 3-isobutyl-1-methylxanthine, 0,05nM dexamethasone, 20nM insulin, 1 nM
trildthyronine and 0.125 nM indomethacin. Two days after induction, medium was
changed to maintenance medium containing 20 nM insulin and 1 nM triiodothyronine

and cells were maintained in this medium till harvesting.

Quantification of protein production was assessed by Western Blot Analysis with the
following antibodies: anti NAT8-L anti-ASPA and anti-UCP-1 and anti-B-Actin. Gene
expression was measured by Real Time PCR; mRNA was assessed as described in
(Bogner-Strauss J.G., 2010) and gene expression was normalized to the

housekeeping gene TFIIB.
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Annexes:

1.

Replicate

Raw data from qPCR for Replicates 2 and 3. Three passages of each of the

iBACs strains (control, control-siAspa, Oe.Nat8l and Oe.Nat8I-siAspa) were

Strain

Replicate 2 puro$inte-) p1

Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2

pure-finte-3 p2
pure-finte-3 pd
puro-/siAspa-2 pl
puro-f/siAspa-2 p2
puro-A/siAspa-2 pd
HatBLINTC pt
NatgLINTC p2

N
NatbLisiAspa-2 pl
NatbLisiAspa-Z p2
NatbLisiAspa-Z pd

a
a
f
f

Replicate 2 puro$inte- p1

Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2

pur-finte-3 p2
pure-finte-3 pd
puro-/siAspa-2 pl
puro-/siAspa-2 p2
puro-/siAspa-2 pd
HatBLINTC pt
NatBLINTC p2

N
NatbLisiAspa-Z pl
NatbLisiAspa-Z p2
NatbLisiAspa-Z pd

a
a
f
f

Replicate 2 puro$inte- p1

Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2
Replicate 2

I
I
I
I
I
I
I
I
I
Replicate 2

pur-finte-3 p2
pure-finte-3 pd
pur-A/siAspa-2 pl
puro-f/siAspa-2 p2
puro-G/siAspa-2 pd
NatgLINTC pt
NatgLINTC p2
NatgLINTC p3
NatbLisiAspa-Z pl
NatbLisiAspa-Z p2
NatbLisiAspa-Z pd

Target
Aspa
Aspa
Aspa
Aspa
Aspa
Aspa
Aspa
Aspa
Aspa
Aspa
Aspa
Aspa
NATSL (E1]
NATBL (E1)
NATBL (E1)
NATBL (E1)
NATBL (E1)
NATBL (E1)
NATBL (E1)
NATBL (E1)
NATBL (E1)
NATBL (E1)
NATBL (E1)
NATBL (E1)
UcP1
UCF
UCF
UCF
UCF
UCF
UCF
UCF
UCF
UCF
UCF
UCF

Norm

0.77450111
144925521
0,7762356€
0 49757301
031396653
0 43656631
100662062
193536013
§ 69535678
090016085
0 85695278
107560862
1,02405625

11162143
065972845
066914755
123603225
176606628
116522251
156671836
10,6761978
376303948
27 5851148
3,039277¢
0,70892468
1, 20546408
106561125
062453316
0 6116253¢
076230854
26,4667721
264752617

32, 260608
b 80436773
512367608
4 81766422

Average

1

041604215

1451782

0, 4424142

1 23708937

121325358

32,085129

067312269

26 4015543

5 0191

assessed for relative mRNA expression.

sD Replicate 1
0,38907086 IBACs purc-6inte-3 d7
IBACs puro-Bintc-3 d7 24
IBACs puro-Bintc-3 d7 030

0,09349638 BACs puro-Aisidspa-2 of p2b
IBACs puro-Bsidspa-2 d7 p2d
IBACs puro-Bsidspa-2 d7 p3l
034431108 IBACS NatBl-Bintc-3 d7 p28
IBACs Natfl-8intc-3 d7 p29
IBACS Natél-8intc-3 d7 p30
01157972 IBACs Natdl-&/siAsna-2 dT p28
IBACs Matfl-BsiAspa-2 o7 n29
BACs Matdl-8siAspa-2 d7 pdl
0,12982362 IBACs puro6inte-3 d7 p28
IBACs puro-Bintc-3 d7 24
IBACs puro-Binte-3 d7 030
044164718 BACs puro-6isidspa-2 of p2b
IBACs puro-Bsidspa-2 d7 p2d
IBACs puro-Bsidspa-2 d7 p3l
2 60833126 IBACS NatBl-Bintc-3 d7 p28
BACS Natfl-8inte-3 d7 p2d
IBACs Natél-8intc-3 d7 p30
51033565 IBACS NatBl-8/sidspa-2 o7 p28
IBACs Matfl-BsiAspa-2 o7 n29
IBACs Matdl-BsiAspa-2 d7 pdl
0,25910385 iBACs puro6ints-3 d7 p28
IBACs puro-Bintc-3 d7 024
IBACs puro-Binte-3 d7 030
0,09530727 IBACs puro-Aisidspa-2 of p2b
IBACs puro-Bsidspa-2 d7 p2d
IBACs puro-Bsidspa-2 d7 p3l
334204104 1BACS NatBl-Bintc-3 d7 p28
IBACS Natfl-8intc-3 d7 p29
IBACs Natél-8intc-3 d7 p30
056742105 1BACS Nat8l-8sidspa-2 o7 p28
BACs Matdl-BsiAspa-2 o7 n2d
BACs Ratdl-BsiAspa-2 d7 ndl

0,256885101
1169436254
1573666616
0,11422974§
0696173071
0605359405

221917936
1442113303
14, 37473452
0,299516556
0396946024
1561241236
1,376744254

1 01E66677
0606553976
1 459623343
0661402143
0601564612
25 58035751
1676412653
16,96367211

42 6434303
§ 516709246
19,62908725
1,376746254

1 01666677
0606553976
1 459623343
0661402143
0601564612
25 58035751
1676412653
16,96367211

42 6434303
8516709246
19,62908725

2M(-AACT)IAve Average

1

0 60526408

10, 340368

0 35256795

0, 96093003

215360528

239297423

0,%6093003

21,5360528

239297423

50

0,55075936

0, 34918815

5142586

051605189

0,31463945

0,357380€2

b, 449672

13861617

0,31463945

035738062

b, 449672

13861617



2. UCP-1 and Aspa protein expression Replicate 2: 12% gels, MOPS buffer and

30uL per well were used for western blots assays. Passages 1 & 2 were evaluated.

A. UCP-1 expression
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B. B-Actin control of UCP-1 Expression
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C. Aspa Expression

3. UCP-1 and Aspa protein expression Replicate 3: 12% gels, MOPS buffer and
30uL per well were used for western blots assays. Passages #3 of each strain were

loaded.

A. UCP-1 expression




B. B-Actin control of UCP-1 expression

C. Aspa expression




D. B-Actin control of Aspa expression




Protein Raw data Replicate 1: Example of Western Blot

Raw Data Wavelength: 562.0 Protein Concentration

1 2 3 4 | 5|6 |7 8 [ 9 |10 M1 12

A 1.276 | 09 | 0.703 {0.3|0.2|0.00.0|{0.0(0.0|0.0|0.04]0.045
95 44 |14 | 9 | 45 | 46 | 46 | 46 8

B 0.425 (04 | 0559 |0.7]0.7|06|05|0.8|0.0/|0.0|0.04|0.046
S57 4 |11 (89|43 | 18 | 45 | 46 7

Cc 0493 (04 | 0568 |05|0.7 07|08 |0.6|0.0/|0.0|0.04 0.046
22 6 |32 | 65|07 |86 |45 |47 7

D 0.045 | 0.0 | 0.049 |00|00(|0.0|0.0(0.0|0.0|0.0/|0.04 |0.046
46 46 | 46 | 46 | 45 | 46 | 46 | 46 7

E 0.046 | 0.0 | 0.046 |0.0|0.0(0.0|0.0(0.0|0.0|0.0|0.04|0.045
45 46 | 46 | 45 | 45 | 45 | 47 | 47 5

F 0.045 | 0.0 | 0.046 |0.0|0.0(0.0|0.0(0.0|0.0|0.0/|0.04 0.046
46 46 | 46 | 46 | 46 | 45 | 45 | 46 6

G 0.046 | 0.0 | 0.046 |0.0|0.0|0.0|0.0(0.0|0.0|0.0/|0.04|0.046
46 46 | 46 | 46 | 46 | 46 | 47 | 47 5

H 0.048 | 0.0 | 0.046 |0.0|0.0(0.0|0.0(0.0|0.0|0.0/|0.040.045
47 46 | 46 | 45 | 46 | 46 | 45 | 46 7




Standard Curve BCA vs.
Absorbance
BCA [ud] Absorbanc

e

0 0.09

2.5 0.214

5 0.344

10 0.703

15 0.995

20 1.276

Linear Regression for Protein Replicate 1

1.4

1.2 & v = 0.0608x + 0.072
R? = 0.95796

1

n.a
/’/’ # Seriesl
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UCP-1 Detection ASPA Detection Membranes 1 and 2:
Saturation of Membrane: 5% BSA / PBST
1. AB: Anti-UCP1: 1:750 in 5% BSA / PBST over night 1.

AB: Anti-Aspa: 1:10,000 in 5% BSA over night



2. AB: Anti-rabbit 1:2,000 in PBST 2. AB: Anti-Goat 1:3,000 in PBST
Imaging UCP-1: MW ca. 33kDa

Imaging ASPA: MW ca. 34kDa

Beta-Actin Detection:

Saturation of Membrane: 5% BSA / PBST

1. AB: Anti-Beta-Actin: 1:25,000 in 1% Milk / PBST over night
2. AB: Anti-Mouse 1:3,000 in PBST

Imaging: MW ca. 44kDa



