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Comparative analysis of global transcriptome, proteome and
acetylome in house dust mite-induced murine allergic

asthma model

Dear Editor,
Protein lysine-site acetylation (Kac) is of great impor-
tance for various cellular processes, which indicates a
reversible post-translational modification of proteins. Pre-
vious studies have demonstrated that protein acetyla-
tion was involved in the pathogenesis of asthma.! It has
been shown that lysine acetyltransferase (KAT) activity
is increased in asthma, while lysine deacetylase (KDAC)
activity is reduced.! With the development of high-
throughput omics techniques, crucial processes and fac-
tors that play important roles in asthma have recently been
identified. However, systematic understanding of acety-
lome in asthma is hampered by several major deficiencies.
In order to detect the changes of acetylated protein
in allergic asthma, we used a house dust mite (HDM)-
treated murine allergic asthma model, and we found that
there were differences between the phosphate buffer saline
(PBS)- and HDM-treated groups via immunoblotted with
pan-acetyl-lysine antibody (Ac-lys)” (Figure 1A,B). We iso-
lated three lung tissues from PBS- and HDM-treated mice
to further clarify the acetylation mechanism and deter-
mine the acetylome via liquid chromatography tandem
mass spectrometry (LC-MS/MS) (Figure 1C and Table SI).
Figure S1showed the MS data validations of acetylome and
indicated the mass accuracy. Principal component analysis
demonstrated that the control and HDM-treated lung can
be classified into two clusters (Figure 1D). Pearson’s corre-
lation coefficient and relative standard deviation indicated
acceptable accuracy and reproducibility (Figure S1). Pro-
teome analysis was also performed, serving as background
control for quantifying alterations of acetylation (Figure
S2 and Table S2). After comparative acetylome analysis,
we identified 5132 Kac sites from 1860 proteins and quan-
tified 3176 sites from 1197 proteins from these in the lung
(Figure S1A). Compared to the control group, 34 sites from
31 proteins were upregulated, and 99 sites from 93 pro-
teins were downregulated on HDM treatment (Figure 1E).

One thousand three hundred eighty-three acetylated pro-
teins and 3457 Kac sites were shared in both groups (Fig-
ure 1F,G). The five proteins with most Kac sites were
myosin-9 (Q8VDD5, 44 Kac sites), spectrin alpha chain
(P16546, 42 Kac sites), myosin-6 (Q02566, 33 Kac sites),
filamin-A (Q8BTMS, 32 Kac sites) and fatty acid synthase
(P19096, 31 Kac sites) (Table S1).

Previously, transcriptome analysis has demonstrated
that various important processes were changed in HDM-
treated murine lung tissues. However, the murine strains
and modelling methods used in literature reports are dif-
ferent from each other>~'° (Table S3). Therefore, in order to
comprehensively analyze the molecular regulation mech-
anism during allergic asthma and obtain more accurate
results, we also performed RNA sequence analysis of the
whole lung of the same murine allergic asthma model (Fig-
ure S4-S6, Table S4).

Then, we systematically compared the transcriptome
and proteome data of lung tissues and found that 322
genes showed significant changes in both mRNA and pro-
tein expression. Of these, 204 gene products were upregu-
lated, and 118 were downregulated in both datasets (Fig-
ure 2A). Although limited gene products were shared
between the transcriptome and proteome analyses, Gene
Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG) analyses disclosed a large overlap of bio-
logical processes that were critical for immune response
and inflammatory response (Figure S7). Additionally, GO
analysis using lung proteomic data revealed a regula-
tory network of mouse lung tissues on HDM treatment
which included neutrophil degranulation, actin cytoskele-
ton organization, regulation of cell adhesion, hemosta-
sis, inflammatory response, cell-substrate adhesion, acto-
myosin structure organization and other clusters (Figure
S8). As is shown in Figure 2B, these processes showed sig-
nificant enrichment in both transcriptome and proteome
datasets. These data showed that there was a significant
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FIGURE 1 Proteome-wide identification of lysine acetylation proteins and sites in HDM-induced murine allergic asthma model. (A)

Schematic diagram of allergic asthma model. HDM, house dust mite. PBS, phosphate buffer saline. (B) Detection of lysine acetylation in
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correlation between transcriptome and proteome levels in
allergic asthma.

To explore the effect of protein Kac on HDM challenge,
we quantified the acetylated proteins and sites in the lung.
Compared to the control group, proteins or sites with
p <0.05and fold changes either greater than 1.5 or less than
1/1.5 were considered significantly changed. The GO anal-
ysis, using all significantly changed acetylated proteins,
showed that ATP metabolic process, substrate adhesion-
dependent cell spreading, protein transport and other bio-
logical processes are regulated in lung tissues (Figure S9A).
The biological processes enriched by the upregulated and
downregulated acetylated proteins were in the Figure S9.
In addition, the cellular component and molecular func-
tion via GO analysis were in Figure S10. KEGG analyses
showed that there were huge differences in the biologi-
cal processes of differentially expressed acetylated proteins
between the two groups (Figure S9D). To detect the prop-
erties and features of acetylated sites or peptides, Motif-X
program was used for motif analysis. The results showed
that 10 consensus sequence motifs were enriched, includ-
ing K#H, K?°S, K?Y, GK?*T, K*N, AK?*T, K*F, K*R,
KT, KK, TK*V, TK?®, GK* G, K*V and K*W (K? indi-
cates the acetylated lysine [Table S5 and Figure S9E]).

Then, we sorted all quantifiable protein Kac sites into
four quantitative groups (down-regulated by 0.5 times
or less as Q1, down-regulated by 0.5-0.667 times as Q2,
up-regulated by 1.5-2 times as Q3 and up-regulated by
more than two times as Q4) for the following GO and
KEGG analysis. There were 21, 78, 20 and 14 proteins Kac
sites in Q1, Q2, Q3 and Q4, respectively (Figure 3A and
Table S6). Proteins in Q1 mainly localized in small riboso-
mal subunit, intercalated disc, cell-cell contact zone and
filopodium via cellular component analysis as described
in Figure 3B. Proteins in Q3 mainly localized in micro-
tubule cytoskeleton and cytoskeletal part, while proteins
in Q4 in mitochondrial inner membrane (Figure 3B). The
biological process enrichment of acetylation was shown
in Figure 3C, and Figure 3D showed the molecular func-
tion analysis. KEGG-based pathway analysis showed that
Q1 proteins are enriched in ribosome, phagosome, axon
guidance and Rapl signaling pathway; Q2 proteins in
drug metabolism, adrenergic signaling in cardiomyocytes,
apoptosis and folate biosynthesis; Q3 proteins in Kaposi

3

sarcoma-associated herpesvirus infection, oocyte meiosis
and insulin signaling pathway; and Q4 proteins in amino
sugar and nucleotide sugar metabolism, human T-cell
leukemia virus1infection, Parkinson disease and Hunting-
ton disease (Figure 3E).

Additionally, we executed a protein-protein interactions
(PPI) network analysis to delineate the PPI with differen-
tially acetylated proteins, and 124 proteins were employed
in the reactome network (Figure 4A). The acetylated
proteins associated with HDM treatment could fall into
several groups: metabolic process group (purine ribonu-
cleotide metabolic process and nucleotide metabolic pro-
cess), cellular component organization group (actin fila-
ment organization and cellular component organization),
mitochondrial transport group, regulation of endothe-
lial cell proliferation group, positive regulation of cell-
substrate adhesion group and cellular response to epider-
mal growth factor stimulus group (Figure 4A). These net-
works indicate that HDM treatment modulates the acety-
lation status of proteins in lung tissues, and those proteins
are involved in organelle localization, metabolic process
and cellular component organization and other biological
processes in the murine allergic asthma model.

With the help of advanced bioinformatic analysis, we
compared transcriptome, proteome and acetylome data,
which revealed critical biological process and pathway
related to HDM-induced allergic airway inflammation
(Figure S11). Both the complement system and coagula-
tion cascade participate in the pathogenesis of asthma. In
our data, upregulated genes of HDM-treated mouse lung
tissues were enriched in complement- and coagulation-
related genes (Figure 4B,C). Figure 4D showed the results
of mapping the screen hit data for the proteome data onto
the complement and coagulation cascade KEGG pathway
and indicated the proteins in this pathway that were screen
hits. However, there is a little information about comple-
ment and coagulation cascade in acetylome data (Table S1).
The relationship between acetylome and transcriptome or
proteome is complicated (Figure 4E). Histone acetylation
to regulate the transcriptional activity is of great impor-
tance. Studies in recent years have confirmed that RNA can
be acetylated, indicating that acetylation maybe a kind of
post-transcriptional modification. RNA binding to the cat-
alytic domain of KATs can stimulate the enzyme activity

mouse lungs of PBS-treated (n = 3) and HDM-challenged (n = 3) wild-type mice using pan-acetyl-lysine antibody (Ac-lys). Equal loading was

verified using 8-actin western blot and Coomassie blue staining. WT, wild-type. IB, immunoblot. (C) Experimental flow chart. Six 6- to
8-week-old C57BL/6 female mice were divided into two groups: PBS-treated control group (n = 3) and HDM-treated group (n = 3). All mice
were sacrificed by overdose of pentobarbital 24 h after the last challenge, and lung tissues were isolated for liquid chromatography tandem
mass spectrometry (LC-MS/MS). (D) Principal component analysis (PCA) of acetylome data from lung tissues. (E) Volcano plot of

differentially expressed acetylated protein lysine sites between control and HDM-treated group. Venn diagram of acetylated proteins (F) and
lysine sites (G) from PBS-treated and HDM-treated group mouse lung tissues. WH, HDM-treated WT mice. WP, PBS-treated WT mice.
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Correlation analyses between transcriptome and proteome data from mice lung tissues. (A) Venn diagram of RNA-seq data

and proteome data. (B) Comparative Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses of transcriptome and proteome data. The
KEGG analyses were performed using upregulated mRNAs, downregulated mRNAs, upregulated proteins and downregulated proteins. The
correlation between two datasets is demonstrated. Gene ratios are indicated by circle sizes, and when p,4; < 0.05, a significant change in the
KEGG pathway was recognized.



CLINICAL AND TRANSLATIONAL MEDICINE

LETTER TO EDITOR Al
WT-HDM vs WT-PBS
A 100 B Cellular Component
CCO0TTT e
é 80 78 cytosol
@ cytoplasmic part 15 Q category
8 60 microtubule cytoskeleton I 4
X cytoskeletal part
"6 myelin sheath 0.5
6 40+ cytosolic part
-g 21 20 polysome o
5 20 14 small ribosomal subunit 05
4 cytosolic small ribosomal subunit
intercalated disc I -1
cell-cell contact zone
6\\ (:,Q’\ b‘\ﬂq'\ filopodium -1.5
\ (2 cytosolic ribosome

C Biological Process
T —

regulation of RNA splicing
negative regulation of macromolecule metabolic process
gland development

developmental process involved in reproduction
intracellular transport

membrane organization

cellular biosynthetic process

cellular nitrogen compound biosynthetic process
response to amino acid

positive regulation of angiogenesis

divalent inorganic cation homeostasis

cellular response to extracellular stimulus

cellular response to external stimulus

cellular response to nutrient levels

cellular divalent inorganic cation homeostasis

cellular cation homeostasis

metal ion

response to starvation

cellular metal ion homeostasis

positive regulation of vasculature development

cellular process involved in reproduction in multicellular organism

cellular response to starvation

cellular calcium ion homeostasis
i in complex bi

calcium ion homeostasis

peptide biosynthetic process
translation

peptide metabolic process

of protein localization to
regulation of protein kinase B signaling

animal organ regeneration

protein targeting to membrane

‘SRP-dependent cotranslational protein targeting to membrane
cofactor metabolic process

organonitrogen compound biosynthetic process

response to metal ion

lic process

map05166 Human T-cell leukemia virus 1 infection

map05012 Parkinson disease

map05016 Huntington disease

response to inorganic substance
response 1o toxic substance
cellular amide metabolic process

<

S

B

2

S

12}

2 8

2 7

© 0 o

Q o 3

< € E

2 8

° S

8 5 3

< FTE © >
Rt 5

g zZ£E g
173 =

2 5°P2 @ £
© Q = 7] S_
mmmgg 2

Ep 25 >% g2
g o0 ®Q w= c =
S5 c88 o0, 2 ,28¢
SEo9f3e8eEDC
@ » 0 295 E 39
3L c E2S c 8 ow
o= = Sal25c—
28323392538 :@s5 o
S R2zvaoof x0T
¥xOofo<<uaxa<<coc
EY¥ogpY¥gorgw
C - - ® oS = B =
T2 ANROS OO
bhYTYITOIToBITII
SS9 03323
222292288992 %%
T IS0 08 T T Q@@
EEEEEEEEETETE

E £
2
©
kel
g
°
15
3
[
B
@
o
3
°
2
©
s
5
o
e
©
[
o
E
@
)
£
£
<
o
«
e}
S
3
a
@
£

>
©
H
=
=
©
o
S
(&}
w
14
FIGURE 3

ribosomal subunit

ribosome

mitochondrial inner membrane
axon

axon part

neuron projection

neuron part

cytoplasm

supramolecular complex

supramolecular polymer

lecular fiber

ptor inner

synapse part

perikaryon

dendrite terminus

cell leading edge

dendritic growth cone

leading edge membrane

intercellular bridge

growth cone

actin filament

ruffle

ruffle

polymeric cytoskeletal fiber

site of polarized growth

neuron projection membrane

D

Molecular Function
 — — |

structural constituent of ribosome
integrin binding

single-stranded RNA binding
transmembrane transporter activity
small molecule binding

nucleotide binding

i binding

nucleic acid binding
heterocyclic compound binding
organic cyclic compound binding
cofactor binding

NADP binding

anion binding

RNA binding

ion binding

binding

mRNA binding

drug binding

GTPase binding

acyl-CoA hydrolase activity
adeny! ribonucleotide binding
actin filament binding
oxidoreductase activity

oxidoreductase activity, acting on NAD(P)H, quinone or similar compound as acceptor

ADP binding
structural constituent of cytoskeleton
retinal dehydrogenase activity
disordered domain specific binding
glutathione transferase activity
CoA hydrolase activity
5S rRNA binding
drug transmembrane transporter activity
glutathione binding
modified amino acid binding
insertion binding

aldo-keto reductase (NADP) activity
mRNA 5-UTR binding

li ide binding

oxidoreductase activity, acting on NAD(P)H

activity,

p
proteasome core complex, alpha-subunit complex

ing alky! or aryl (other than methyl) groups

50f7

Functional enrichment-based clustering analysis for the quantified acetylome. (A) The numbers of proteins Kac sites in each

cluster. (B) Cellular component analysis. (C) Biological process analysis. (D) Molecular function analysis. (E) Kyoto Encyclopedia of Genes
and Genomes (KEGG)-based functional enrichment analysis for the quantified acetylome.
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FIGURE 4 (A) Acetylome Gene Ontology (GO) analyses of house dust mite (HDM)-treated mouse lungs. The GO reactome analysis was

performed using differentially expressed acetylated proteins in phosphate buffer saline (PBS)-treated and HDM-treated mouse lung tissues.
Gene Set Enrichment Analysis (GSEA) of gene sets associated with complement (B) and coagulation (C). (D) Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway engine analysis of the complement and coagulation cascade pathway for PBS-treated and HDM-treated
mouse lung tissues. (E) Schematic diagram of acetylation regulating gene expression, transcriptome and acetylome.
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of KATs, thereby affecting gene expression. Acetylation
modification participates in biological processes by affect-
ing various functions of proteins. Transcriptional factors
(TFs) can also regulate gene expression through acetyla-
tion, and a variety of KATs themselves act as transcription
co-activators. Therefore, we need more research to clarify
the acetylation in asthma, such as the acetylation modi-
fication of non-coding RNA, the effect of acetylation on
the activity of TFs and the presence or changes of specific
acetylated lysine sites and its role in asthma.

In summary, we employed RNA sequence technol-
ogy, proteome and acetylome MS analyses to systemati-
cally determine the molecular modulation mechanisms of
mouse lung tissues in response to HDM treatment. These
findings highlighted the importance of incorporating dif-
ferent measurements of gene expression. Finally, our data
are open to the vast number of scientific researchers. Com-
bined with other approaches, we can have a deeper under-
standing of the pathogenesis of asthma.
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