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Overview

¢ Influenza A viruses (IAVs) infect a variety of hosts, including humans, swine, and various avian species, however, the
pathogenesis and transmission of influenza viruses in humans remains unclear.

* Untargeted metabolomics using a HRAM Q-TOF analysis with MS and DIA-MS/MS data acquired with a cycle time of less
than 1 second has been applied to compare serum metabolic profiles from swine over a 14 day time-course to study the

progression of influenza infection.

Introduction

Animal models help to understand mechanisms of
virulence and to develop more efficacious vaccines and
forms of prevention or treatment. Influenza virus infection
in humans has a number of similarities with that in swine
as the clinical manifestation and pathogenesis are similar.
In this untargeted metabolomics study, HRAM Q-TOF

Materials and Methods

An untargeted metabolomics approach was applied to
analyze serum extracts from swine at different stages of
infection with influenza A. Pigs were acclimatized for 7
days prior to infection and pre-infection blood samples
were taken from 8 pigs. Infection was via intranasal
administration of HIN1pdm09 or MDCK supernatant using
a mucosal atomization device. Blood samples were taken
from 4 pigs at 1, 2, 3,4, 5, 6, 7 and 9 dpi and from 8 pigs
at 11 and 13 dpi. Infection was confirmed by identification
of viral shedding by daily nasal swabbing and by lung
pathology identified postmortem. Metabolic extracts of

analysis was used to measure the effect of influenza virus
infection on host-microbial metabolism in swine and
whether this differs between the early, innate response,
the later adaptive response and the repair phase. Blood
samples taken pre-infection and over 13 days post
infection (dpi) were compared.

sera were analyzed using a HRAM Q-TOF (LCMS-9030
Shimadzu Corporation) in untargeted mode. Samples were
analyzed in random order and a pooled Quality Control
(QC) sample was injected several times at the start and
systematically throughout the batch. A representative
sample from each group was used for component
detection using the Find algorithm within Insight Explore
software (Shimadzu Corporation) and the generated
compound table was applied to process data from all
samples.
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Untargeted MS and DIA-MS/MS
Data acquisition

MS 1 mass scan; mass range 100-1000 Da (20 msecs)

MS/MS 44 sequential mass scans; mass range 75-1000 Da (20 msecs for each mass scan)
Precursor isolation width 20 m/z; CE spread 5-35 eV; External mass calibration
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Figure 1. HRAM mass chromatograms of 716 components detected in one sample (5ppm extraction window).

Results

Component detection in all samples

A robust workflow has been devised for the processing of
HRAM Q-TOF metabolomics data and applied to study the
effect of influenza infection. Figure 2 shows the process of
component detection in all samples to generate peak area
matrix for data analysis. The FIND algorithm was applied to

detect components in a subset of samples (Step 1) which
was used to build the compound table to process all
samples (Step 2). Following manual review (Step 3) a total
of 716 reliable components (ion signals) were considered
for data analysis.
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Step 1 Find algorithm to detect components

MS1 event for any sample

Typical peak width indicated, charge state and spectral intensity defined
Generates a list of all detected peaks with adducts and neutral losses grouped

Sample: E|
MS Event: I:' E
Peak width (FWHM): 0.05 min

Charge state:

Thresholds
Spectral intensity: 300
Response: Low

~ Summary Results

~* Find - 2_035 - 517 components found - 447 groups

~
E’ RT|m/z Comments
Find = =
229 | 783045924625
Group 230 | 7.830|496.33975 | -H20, +Na, +K
N 231 | 7.815|586.30838
Spectrum 232 | 792054635391
A 233 | 7.935|522.35461 | +Na
Chromatogram | 235 | 820548030723
& 236 | 8.280522.35467 | +Na, +K
239 | 829561232359
Advanced < >
W

”

~ Survey

Zoom

1

# Name 1 2 3
Y Area Found RT Area Found RT Area Found RT
290 |518.32386 8231 6.102 7917 6.077 11740 6.077
291 |518.41569 14331 28517 6273 28443 25006 28446
292 |520.20773 122186 2.829 33514 2.824 114652 2823
293 | 520.33901 501338 6.910 457487 6.885 670547 6.883
: 20.33 2112570 7.204 1960755 7.178 2406690 7.175
. . 27.342 10882 27.356
Step 2 Automated peak integration 7174 48724 7172
Curated compound table from component 2753 242722 2754
detection. Peak integration parameters 8.277 2341686 8.276
optimized 7.939 444214 7.936
Reports areas and RT for all peaks in all samples 16.226 40692 16.128

Show selected compound only

2

>

3

Q520.3400+/-20.0ppm (+) 3995 (1520.3400+/-20.0ppm (<) 373¢5  Q520.3400+/-20.0ppm (+) 44865
g 4085 RT=7.204 ¥ AT=7.178 ] RT=7.175
(=] ] 4.0e5
™M ] ] ]
D 5 pes] 3.0e5] ]
=) . ] 3.0e5
R 20e5] 2.0e57 5005
< ] 1 V€27 Rr=6.883
=z 1 r1=6.910 1 RT=6.885 E ~
& 1.0e5] 3 1.0e57 ] 1.0e5]
FH 1 A ] ﬂ E
0.0e0 0.0e0 0.0e03
— T — T — T
8 9 6 9 6 9
4 5 6
Q520.3400+/-20.0ppm (+) 375e5  (520.3400+/-20.0ppm (+) 3195 Q520.3400+/-20.0ppm (+) 2,77€5

Step 3 Survey mode to review peaks
Manual review of peak integration and identification
Peak integration or identification can be corrected for any individual peaks which may have be missed

in the automated data processing

Figure 2. Insight Explore interface for component detection in all samples.
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Metabolite and lipid identification with DIA MSMS

The formula prediction algorithm in LabSolutions Insight —
Explore was used to generate candidate formulae for all
components. Accurate masses and predicted formulae
were searched in the METLIN database. Identification was
performed by comparison of experimental DIA-MS/MS

Step 4 Formula prediction from measured m/z
Mass type and error margin defined
Possible elements and adducts indicated

spectra to MS/MS spectra available in METLIN, or manually
interpreted where spectra were not available. Figure 3
shows the process using sn-1 isoform of
lysophosphatidylcholine 18:2 as an example.

Top hit corresponds to formula for Lysophosphatidylcholine 18:2 (0.18mDa / 0.35ppm error)

~ Formula Calculator x
~
520.33995 B on
Calculate
. # Pred. m/z| Meas. m/z| Diff. (mDa)|Formula (M) lon ~
Mass Type: = v = =
- i V] Spect
Mono-isotopic | pE“:”m | 52033977] 520.33995 0.18[C26 HSONO7P  |[M+H]+
Error Margin: * 2 520.33945 520.33995 0.50 | C29 H41 N7 02 [M+H]+
E | | 5 | Adducts | 3 | 53034110| 520.33995 -115|C27HA6N5 03P |[M+H]+
mbia L
ﬁ 4 | 52034130 520.33995 -1.35| C17 H45 N9 09 [M+H]+
Fixed Advanced | 5 |520.33842| 52033995 153 |C23H42N110P  |[M+H]+
.*. 6 52033811 520.33995 1.84 | C28 H45 N3 06 [M+H]+
DBE Range:  |-2 - 1000 Clements | 7 | 52034214| 52033995 -219|C33 H45 N 04 [M+H]+
Electron lons: v alt z
* Chromatogram x
3.73e5
3
Step 5
Chromatogram Y ] MS chromatogram 2 isomers
Formula Scan  3.065+ m/z 520.33977 Reported separately
prediction mass 1 ] S5ppm extraction window Spectrum presented for
Average MS and | AVerage 205 second eluting isomer
respective =3
DIA-MS/MS Subtract |1 pes ]
spectra generated = @
from peak Bvents.- 10,0604 e o -
(FWHM) 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0
I RT (min)
* Spectrum x
1:MS(+) RT:[7.140-7.230] 3.06e5
Step 6 Spectra Y . 520.33938
MS &, Exact mass measured in 54433869
. 545.34202 @
Formula MS Predict one sample 43318204 48324771 LL 51030869 5
T T T T T T T — T T T T T T
DIA-MS/MS m 100 200 300 400 500 600
. Measure m/z
Predicted MS [C26 H50 N QT B=H]~ 1.00e4
spectrum = . . 52033977
P q frems. %7 -0.74ppm error in this sample
compared to ens.- ] 52134311 ®
experimental MS B o] 522.34582 e
; : T
spectrum Previous 100 200 300 400 500 600
= m/z
"8 [21.Dependent(+)[520.0000] CE:5.0 RT:[7.147-7.237] 1.84e5
DIA-MS/MS — 184.07273 52033908
104.10641
spectrum ] so2.aa0g |921:34208 ®
compared to ‘ 185.07588 337.27225 443 25461, 1 [pReauT e
METLIN database wo 200 "0 a0 s,0 e
m/z
Figure 3. Insight Explore application for data review and component verification. 5
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Isomers are separated by RT and a distinctive fragment
(protonated choline at m/z 104), characteristic of the sn-17
isoform known to exceed a 30 fold difference in intensity

relative to the sn-2 isoform (Han and Gross 1996). All other

fragments in the spectrum corresponded to this ID: neutral
water loss (m/z 502), loss of phosphocholine (m/z 337) and
protonated phosphocholine (m/z 184).

Analysis of trends to study progression of infection

To assess the impact of influenza virus infection on swine a
number of statistical and trend analysis tools were used in
the comparison of metabolite profiles. The effect of
influenza in swine is expected to be most pronounced at
3-5dpi, however the effect on the serum metabolic profile
appeared limited despite confirmed virus shedding and
lung pathology. Several metabolites and lipids were

x10°

reported in a study of serum from a murine model of
influenza infection including hippuric acid and SM
d18:0/18:1 which were found to increase at 6dpi (Cui et.al.
2016). These metabolites were detected in the present
study, however trends were not observed (figure 4).
Sampling was limited to 4 replicate pig serum samples for
most time-points.

SM d18:0/18:1

IS

. i M W

Untargeted metabolite analysis considered 716 components
Data analysis using MetaboAnalyst software
The effect of influenza infection appeared limited

LY
L] L
-1dpi 1dpi 2dpi 3dpi 4dpi Sdpi 6dpi 7dpi 9dpi 11dpi 13dpi QcC
x10*
Hippuric acid Boxplots with individual sample responses (peak areas)
&1 . Notches indicate 95% Cl around the median (x1.58*IQR/y/n)
. Mean response of each group indicaed by yellow symbol

-1dpi 1dpi 2dpi

11dpi Qc

Figure 4. Boxplots of responses (peak areas) from samples at each group (days post infection) presented for SM d18:0/18:1 and hippuric acid.
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Conclusions

* An LC-MSMS method has been developed for the untargeted metabolomics analysis of serum extracts.

* HRAM Q-TOF (LCMS-9030 Shimadzu Corporation) acquired MS and DIA-MS/MS data with a cycle time of 0.9 seconds
over the MS/MS mass range of 50-1000 Da. The robust workflow for data processing and analysis is presented an
appears well suited to metabolomics workflows.

* The method was applied to study the progression of influenza A virus in swine by assessing the metabolic profile of
serum from samples taken before infection and up to 13 dpi.

* Around 700 metabolic features were detected across all samples and the relative concentrations between samples
were compared. In this study, despite the robust workflow for sample analysis and data processing, metabolite
profiles showed high variability between the groups and minimal differentiation by univariate and multivariate

statistical analysis.

Disclaimer: The products and applications in this presentation are intended for Research Use Only (RUO). Not for use in
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