MedCrave

Step into the World of Research

@

MOQOJ Proteomics & Bioinformatics

Research Article

in mouse model

Abstract

Malaria is one of the most prevalent infectious diseases in tropical and subtropical regions.
Effective biomarkers are urgently needed. Biomarker is measurable changes associated
with physiological and/or pathophysiological conditions. Urine can be better source for
biomarker discovery because it accumulates the changes of body while body removes them
from blood by homeostatic mechanisms. In this study, we attempted to hunt for urinary
biomarkers for malaria using mice infected with Plasmodium yoelii. The urine of mice was
collected before infection and 4, 5 days after infection, separated by SDS-PAGE, digested
in-gel based on molecular weight and identified using nanoLC-MS/MS. Unexpectedly,
although more than 10% of erythrocytes were infected by P. yoelii 5 days after infection,
there is no reliable parasite protein were identified even at low MW range, indicating that
extrinsic protein may be degraded in blood. In the urine of 4 (about 3% P. yoelii-infected
erythrocytes) and 5 days after infection, 427 and 821 mouse proteins were identified,
respectively; 21 and 83 proteins were significantly altered after quantified by Scaffold under
the criteria p<0.05, fold change>2 and the spectral count>5. There are only 4 differential
proteins shared on both 4™ and 5" days after infection and all of them are significantly
increased after infection. On the 4" after infection, there is no obvious renal damage;
however, on the 5", 26 of the 83 proteins (especially 20 of the 40 high abundant proteins)
are biomarkers for renal diseases, indicating that the kidneys are seriously injured. All these
4 proteins (Mucin-2, Galectin-3-binding protein, Ig alpha chain C region, Apolipoprotein
D) participate in the defense against pathogens and the regulation of tissue inflammation.
In conclusion, although there are no parasite proteins identified in the urine, the host (mice)
urine proteins may be candidate biomarkers for malaria.
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Introduction

Biomarkers is ameasurable changes associated with a physiological
and/or pathophysiological process. In order to maintain normal life
activities, the blood is homeostatic and draining into urine is important
way of keeping blood stable. Without homeostasis, urine is more
likely to reflect changes in the body. In addition, urine can accumulate
a variety of changes of the body, making it an ideal biological source
for disease biomarker discovery.'? As reviewed in a recent paper,
kinds of physiological changes can be reflected in urine, so it is expect
that urine can be used to detect the changes in pathological and/or
pharmacological process.’ Actually, urine can be more sensitive to
physiological changes than blood,* and some biomarkers behave
even better in urine than in blood.*”’” Many urinary biomarkers have
recently been identified for various types of diseases.®

However, urinary biomarker research remains challenging because
changes in urine are very complicated and the urine is affected by
a variety of factors such as gender,” age, medications,'*!" exercis,"
and smoking'? in addition to many other physiological variables and
environmental factors. To circumvent these issues, it is important
to employ more simple and controllable systems, such as animal

models. The animal models can allow for controlling genetic and
environmental factors, so it is possible to use a small sample size
to establish associations between physiological or pathological
conditions and corresponding changes in urine.' Therefore, screening
potential disease biomarkers in animal models followed by validation
in human samples may be a good strategy for discovering urinary
biomarkers.

Human malaria is a life-threatening disease caused by Plasmodium
falciparum and has an estimated annual global disease burden 207
million clinical episodes with 0.6 million deaths in 2012.'516 85%
of the cases and 90% of the mortality occurs in sub-Saharan Africa,
mostly amongst children.'” Accurate diagnosis of ill patients has been
essential for malaria control programs aimed at reducing morbidity
and mortality.

However, the current malaria diagnostic methods are mainly based
on blood, in recent years, malaria has been detected by sampling of
saliva and urine with mitochondrial PCR-based malaria test Urine
Malaria Test.'®?* Moreover, urinary biomarkers hold promise for the
development of new point-of-care diagnostics for tuberculosis (TB),
as 10 mycobacterial proteins were identified exclusively in the urine
of definite TB patients and 6 mycobacterial proteins were detected
exclusively in the urine of presumed LTBI patients.?! Hence, the aim
of this investigation was attempted to identify the parasite proteins
and the significantly altered mouse proteins in the urine of mice
infected by Plasmodium yoelii.

MO] Proteomics Bioinform. 2018;9(2):108—111.

”IIII Submit Manuscript | http://medcraveonline.com

108

@ @ @ © 2018 Xundou et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, which
o NG permits unrestricted use, distribution, and build upon your work non-commercially.


https://creativecommons.org/licenses/by-nc/4.0/

The identification of urinary biomarkers for malaria in mouse model

Materials and methods
Animals and ethics statement

Pathogen-free, Female Balb/c mice 6-8 weeks of age were
purchased from the Institute of Laboratory Animal Science, Chinese
Academy of Medical Science & Peking Union Medical College
(Beijing, China). All animals were fed standard laboratory diet and
kept under controlled temperature (22+1°C) and humidity (65-70%).
The study was performed after one week of acclimation. This study
was approved by the Institute of Basic Medical Sciences Animal
Ethics Committee, Peking Union Medical College (Animal Welfare
Assurance Number: A5518). All mice received humane care in
compliance with the institutional animal care guidelines approved by
the Institutional Animal Care and Use Committee of the Peking Union
Medical College.

Experimental infection and urine collection

Lethal P. yoelii 17XL malaria parasites were maintained in Balb/c
mice. Infections were initiated by intraperitoneal injection of 2x103
P, yoelii-infected erythrocytes.”? The parasitemia of individual mice
was monitored via blood smears stained with Giemsa. 30 mice were
randomly divided into 6 groups (5 per group), the urine samples were
collected before and 1, 2, 3, 4, 5 days after infected using metabolic
cages.

Acetone precipitation

All urine samples were centrifuged at 5000g for 30min, and the
pellets were discarded. The supernatants were precipitated with 75%
v/v acetone for 12h followed by centrifugation at 12000g for 30min.
After removing the supernatant, the pellets were thoroughly air-dried,
resuspended in lysis buffer (§M urea, 2M thiourea, S0mM Tris and
25mM DTT) and subjected to protein quantitation by the Bradford
assay.

ID-SDS PAGE and in-gel digestion

Urinary proteins were dissolved in PAGE sample buffer (50mM
Tris-HCI, pH 6.8, containing 50mM DTT, 0.5% SDS, and 10%
glycerol), incubated at 57°C for 5 min and resolved by 1D-SDS PAGE.
After electrophoresis, each gel band was cut into slices according to
the molecular weight. The gel slices were washed twice by incubation
in 100mM ammonium bicarbonate for 15 min at 37°C, followed
by 100 mM ammonium bicarbonate/acetonitrile (1:1) for 15 min at
37°C. After cooling to room temperature, the samples were reduced
using 20mM dithiothreitol with heating at 56°C for 1 hour, followed
by alkylation using 55mM iodoacetamide at room temperature for
1 hour in the dark. The gel slices were dried, and sequence-grade
modified trypsin was added at a protein-to-enzyme ratio of 30:1,
followed by incubation overnight at 37°C. After trypsin digestion, the
supernatant was collected. The resulting peptides were extracted from
the gel slices by incubating once in 50mM ammonium bicarbonate
for 1 hour at 37°C and twice in 5% formic acid/acetonitrile (1:1) for
1 hour at 37°C. The three collected extractions were pooled with
the initial digestion supernatant, desalted by solid-phase extraction
(Oasis column; Waters, Inc., Milford, Massachusetts, USA), dried in
a SpeedVac, resuspended with 10uL 0.1% formic acid, and stored at
-80°C until use (Figure 1).
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Figure | 1D-SDS PAGE and in-gel digestion.
Nano LC-MS/MS analysis

Lyophilized peptides from the urine samples of 4 days after infected
were redissolved in 0.1% formic acid and subjected to chromatography
using a Waters Ultraperformance LC system. Peptides were separated
on a 10-cm fused silica column packed in-house using ReproSil-
Pur C18- AQ (3um resin). Elution was performed over a gradient of
5-28% buffer B (0.1% formic acid, 99.9% ACN; flow rate, 0.3uL/
min) for 60 min. The remaining peptides were eluted using a short
gradient from 28 to 100% buffer B in 5 min. The eluted peptides were
analyzed using a Triple TOF 5600 MS system. The MS data were
acquired using an ion spray voltage of 3kV, curtain gas of 20 PSI,
nebulizer gas of 30 PSI, and an interface heater temperature of 150°C.
The precursors were acquired in 500 ms ranging from 350 to 1250Da,
and the product ion scans were acquired in 50 ms ranging from 250
to 1800 Da. A rolling collision energy setting was used. A total of
30 product ion scans were collected if exceeding a threshold of 125
counts per second (counts/s) and with a +2 to +5 charge state for each
cycle. Each sample was analyzed once.

The resulting peptides from the urine samples of 5 days after
infected were analyzed on Orbitrap Fusion Lumos mass spectrometer
(Thermo Electron, Bremen, Germany) interfaced with Easy-nLC
1200 nanoflow liquid chromatography system (Thermo Scientific,
Odense, Denmark). Peptide digests were reconstituted in 0.1%
formic acid and loaded ontotrap column packed (75um X 2 cm) with
Magic C18 AQ(Michrom Bioresources, Inc., Auburn, CA) at a flow
rate of 3ul/min. Peptides were separated on an analytical column
(75pum x 20 cm) at a flow rate of 400nL/min using a step gradient
of 5-2 % solvent B (0.1% formic acid in 95% acetonitrile) for first
110 min and 25-40% solvent B for 110-140 min. The total run time
was set to 35 min. Mass spectrometer was operated in data-dependent
acquisition mode. A survey full scan MS (from m/z 350-1700) was
acquired in the Orbitrap with resolution of 120,000 at 400 m/z. Most
intense fifteen precursor ions with charge state>2 were isolated and
fragmented using HCD fragmentation with 30% normalized collision
energy and detected at a mass resolution of 30,000 at 400m/z. Dynamic
exclusion was set for 30 s with a 10ppm mass window.

Database searching and protein quantification

Mascot Daemon software (version 2.4.0, Matrix Science, London,

Citation: Xundou Li, Deng W, Gao Y, et al. The identification of urinary biomarkers for malaria in mouse model. MOJ Proteomics Bioinform. 2018;7(2):108—1 1.

DOI: 10.15406/mojpb.2018.07.00219


https://doi.org/10.15406/mojpb.2018.07.00219

The identification of urinary biomarkers for malaria in mouse model

UK) was used to search the MS/MS data against the SwissProt
Plasmodium yoelii, falciparum and vivax database to identify the
parasite proteins parasite proteins in urine. For the identification of
host (mouse) urinary proteins the raw data were searched against
SwissProt_mouse database. Carbamidomethylation of cysteines was
set as a fixed modification, and oxidation of methionine and protein
N-terminal acetylation were set as variable modifications. The
specificity of trypsin digestion was set for cleavage after K or R, and
two missed trypsin cleavage sites were allowed. For the data of Triple
TOF 5600, the mass tolerances in MS and MS/MS were both set to
0.05 Da, and they were set to 10ppm and 0.06Da respectively for the
data of Orbitrap Fusion Lumos. Peptide identifications were accepted
if they were detected with 90.0% probability and an FDR less than
0.1% by the Scaffold local FDR algorithm. Protein identifications
were accepted if they were detected with an FDR of less than 1%
and contained at least 2 identified peptides. Label-free quantification
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was performed using the Scaffold software (version Scaffold 4.4.0,
Proteome Software Inc., Portland, OR, USA). Proteins that contained
similar peptides and could not be differentiated based on MS/MS
analysis alone were grouped to satisfy the principles of parsimony
(Supplementary Table 1) (Supplementary Table 2).

Results and discussion
Experimental infection and urine collection

Some of the mice developed gross hematuria 6 days after infected
by P. yoelii 17XL malaria parasites, so the urine samples were
suspended at the same time. On the seventh day after infection, all
the mice suffered from severe parasitemia with more than 70% of
erythrocytes infected by malaria parasites, and early half of the mics
were died (Table 1) (Table 2).

Table | Parasitemia of mice monitored via blood smears stained with Giemsa(percent of infected erythrocytes).

Group | Group 2 Group 3 Group 4 Group 5 Group 6
Day 4 2.7% 3.1% 3.5% 3.0% 3.5% 1.9%
Day 5 11.6% 11.7% 11.2% 10.5% 12.5% 10.1%
Day 6 47.2% 40.2% 43.5% 47.3% 42.5% 30.7%
Day 7 65.7% 75.4% 71.0% 81.4% 75.1% 82.0%
Table 2 The number of survived mice and mice with gross hematuria.
Group | Group 2 Group 3 Group 4 Group 5 Group 6

Day 4 survival 5 5 5 5 5 5
Day 5 survival 5 5 5 5 5 5
Day 6 survival 5 5 5 5 5 5

grossh . 2 2 3 | |

ematuria
Day 7 survival 2 3 2 3 2 4
Day 8 survival 0 | 0 | 0 |

Detection of parasite proteins in the urine of mice
infected by P.yoelii 17XL malaria parasites

According to the literature, parasitemia will be detected via blood
smears stained with Giemsa 3 days after infection. Therefore, urine
samples on the fourth and fifth days after infection were used to detect
parasite proteins. In order to improve the depth of the identification,
the urinary proteins were separated by SDS PAGE and each gel band
was cut into 10 slices, respectively, according to the molecular weight.
After trypsin digestion, resulting peptides from the urine samples of 4
days after infection were analysed by a Triple TOF 5600 MS system.
427 mouse proteins were identified after database searching; however,
there were no reliable parasite proteins detected in the urine, although
the MS data were searched against not only the SwissProt Plasmodium
yoelii database but also the SwissProt Plasmodium falciparum and
vivax database (the other two common forms).

The reason may be that parasitemia is about 3% of erythrocytes
infected on the fourth day after infection. As a result, urine samples
of mice 5 days after infection (approximately 10% of erythrocytes
infected) were analyzed using the Orbitrap Fusion Lumos MS system,

the best mass spectrometer at present, under the same strategy. The
depth of the protein identification was further improved with 821
mouse proteins identified. However, after searching against the
above three plasmodium database, there were still no reliable parasite
proteins detected in the urine, even at low MW range, indicating that
extrinsic protein may be mostly degraded in blood.

Identification of the significantly changed host (mouse)
proteins in urine

There were 427 and 821 mouse proteins identified in the urine of
4 and 5 days after infection, respectively. Under the criteria p<0.05,
fold change>2 and the spectral count>5, 21 and 83 proteins were
significantly altered after quantified by Scaffold. There are only 4
differential proteins (Mucin-2, Galectin-3-binding protein, Ig alpha
chain C region, Apolipoprotein D) shared in the urine on both the 4th
and 5th days after infection and all of them are significantly increased
after infection. 8 proteins of the 21 proteins (about one third) altered
on the 4th after infection are related to host defense or immune
response, and only one protein (afamin) is reported to be biomarker
for renal disease,” suggesting that most differential proteins may be
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associated with malaria. However, on the 5th after infection, 26 of
the 83 proteins (especially 20 of the 40 high abundant proteins) are
biomarkers for renal diseases,® indicating that the kidney are seriously
injured, which may be the reason why there are only 4 proteins shared
between these two days.

According to the functional annotations of the Uniprot database,
Ig alpha is the major immunoglobulin class in body secretions, which
may serve to defend against local infection; Galectin-3-binding
protein may stimulate host defense against viruses and tumor cells;
Mucin-2 coats the epithelia of the intestines, airways, and other mucus
membrane-containing organs, providing a protective, lubricating
barrier against particles and infectious agents at mucosal surfaces.
Apolipoprotein D was proven to have a role in preventing lipid
peroxidation, especially in the central nervous system, protecting the
cells from oxidative stress caused by infection.*

Conclusion

In conclusion, these 4 proteins may be candidate urinary
biomarkers for malaria; however, as it is the first attempt to search
urinary biomarkers for infectious diseases to our knowledge, the
specificity need to be explored in further studies on other infectious
diseases.
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