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Experimental section
Parasite culture

Beta-galactosidase-expressing 7. cruzi strain Tulahuen (clone C4) were obtained through BEI
Resources, NIAID, NIH! and maintained in mouse C2C12 myoblasts by once-weekly passaging.
Trypomastigotes were collected from culture supernatant and used for infections.

Cell culture

HeLa cells were cultivated in DMEM cell culture medium (Corning) supplemented with 10%
iron-supplemented calf serum (HyClone) and 1% penicillin-streptomycin (Gibco) in 5% CO: at
37 °C. C2C12 cells were maintained in DMEM media supplemented with 5% iron-supplemented
calf serum (HyClone) and 1% penicillin-streptomycin (Invitrogen), in 5% CO2 and at 37 °C, as
previously described?.

Cell infection and staining

HeLa cells were infected at a host:parasite ratio of 1:10. Two days post-infection, cells were
washed with ice-cold PBS and fixed with 0.7% glutaraldehyde for 5 min, fixing and killing the
parasites. Cells were then rinsed three times with PBS for 4 min. Cells were then stained overnight
with 1 mg/mL of X-Gal in PBS containing 2 mM MgClz, 4.98 mM potassium ferricyanide and
5.76 mM potassium ferrocyanide,® pH 7.3 at 37°C.

Single-probe single cell mass spectrometry (SCMS)

The single-probe SCMS setup includes a Single-probe, a digital microscope, a digital camera, a
computer-controlled XYZ-translation stage system (CONEX-MFACC, Newport Co., Irvine, CA,
USA) and a Thermo LTQ Orbitrap XL mass spectrometer (Thermo Scientific, Waltham, MA,
USA). The fabrication of the Single-probe and the SCMS set-up were detailed in details in our
previous studies.*!* Briefly, the Single-probe was fabricated using a laser-pulled (P-2000
Micropipette Laser Puller, Sutter Instrument Co., Novato, CA) dual-bore quartz tubing (outer
diameter (OD) 500 pm; inner diameter (ID) 127 pum, Friedrich & Dimmock, Inc., Millville, NJ,
USA) embedded with a fused silica capillary (OD 105 pm; ID 40 um, Polymicro Technologies,
Phoenix, AZ, USA) in one channel and a nano-ESI emitter, which is produced from the same fused
silica capillary, in another channel. The three parts were sealed using UV curing resin (Light Cure
Bonding Adhesive, Prime-Dent, Chicago, I, USA).

Glass coverslips containing cells were washed three times with fresh DMEM and placed on the
XYZ-stage system of the Single-probe SCMS set-up for measurement. The targeted single cells
were selected for analysis by precisely moving the stage system guided by the microscope. Four
groups of cells (infected, bystander, stained, and control cells) were analyzed. Although both
bystander and infected cells were on the same glass coverslip, the bystander cells were clearly
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distinct from infected cells, which contained the stained amastigote stage of parasite. Each type of
cells were precisely sampled and separately analyzed using the Single-probe with small tip sizes
(~9 um). The sampling solvent (50% acetonitrile/50% methanol (v/v)) with 0.1% formic acid) was
continuously delivered through the fused silica capillary to extract cellular contents followed by
ionization via the nano-ESI emitter and real-time SCMS analysis. The SCMS experiments were
conducted under the following parameters: 200 nL/min flow rate; mass resolution, 60,000; +4.5
kV ionization voltage; 1 microscan; 100 ms max injection time. MS/MS experiments of single
cells were conducted under the following parameters: HCD mode, 200 nL/min flow rate; mass
resolution 60,000; +4.5 kV ionization voltage; 3 microscan; 500 ms max injection time. Collision
energies ranged between 33 and 35 NCE (normalized collision energy) as shown in Figure S3.

SCMS Data Analysis

The SCMS data pretreatment was conducted following our established protocols.”® MS data were
exported with peaks (m/z values and relative intensities) generated by Thermo Xcalibur Qual
Browser 3.0 (Thermo Scientific, Waltham, MA, USA). The exported raw data were subjected to
noise subtraction by removing peaks with relative intensity < 3x10°. Background signals generated
from organic solvent and cell culture medium were subtracted using an in-house R script as
described in our prior work.'!'> Normalization of ion intensities to total ion current (TIC) was
subsequently performed. The normalized data were uploaded to Geena2 online tool
(http://proteomics.hsanmartino.it/geena2/geena2_ssi_norm.php)!® for peak alignment (with a
mass tolerance of 10 ppm) and subsequent analysis. Geena2 parameters were as follows: analysis
range from 150 to 1500 m/z, maximum number of isotopic replicas: 3, maximum delta between
isotopic peaks: 0.01 Da, maximum delta for aligning replicates: 0.01 Da and maximum delta for
aligning average spectra: 0.01 Da. After performing peak alignment, missing values (50%) were
removed using an in-house Python script (SI Supporting File 1).

Pretreated SCMS data were then imported to Metaboanalyst 5.0'*'® to perform principal
component analysis (PCA), partial least squares discriminant analysis (PLS-DA) and hierarchical
clustering. Random Forest analysis!® was used to classify cells in four different groups using an
in-house R script (with 500 trees and 7 predictors) (SI Supporting File 2). To determine ions of
interest (i.e., with significantly different abundances among cell groups), one-way analysis of
variance (ANOVA)!? was performed with an adjusted p-value cutoff of 0.05 using False Discovery
Rate (FDR) correction. The hierarchical clustering heatmap'> was generated using Ward’s
minimum variance clustering method and Euclidean distance method, from normalized data with
auto-scale feature standardization. To minimize the technical variance* ?°, two replicates were
performed for comparison under similar experimental conditions. Boxplots display median, upper
and lower quartiles, with whiskers extending to the highest and lowest quartiles and outliers
beyond the whiskers represented as dots. Both single cell MS/MS and LC-MS/MS of cell lysates
were conducted. Annotations of ions of interest were generated based on MS/MS of ions obtained
from the ANOVA results of two combined replicates. Annotations were generated from the
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resulting single cell MS/MS by comparing to data in METLIN (https://metlin.scripps.edu)?!,

HMDB (http://www.hmdb.ca)** and GNPS (https://gnps.ucsd.edu/, see Table S3 for parameters)>*-
24

LC-MS/MS analysis

Metabolites were extracted from uninfected and infected HeLa cells using a two-step extraction
with 50% methanol followed by 3:1 dichloromethane-methanol (all Fisher Optima LC-MS grade).
Extracts were resuspended in 50% methanol, as in our prior work.? LC analysis was performed on
a Thermo Vanquish LC equipped with a 1.7 pm Kinetex C18 50 x 2.1 mm column, 100 A pore
size, protected by a SecurityGuard ULTRA C18 Guard Cartridge (Phenomenex). Injection volume
was 5 pL. Auto-injector was washed with 10% methanol at a rate of 10 pL/s for 2 seconds. LC
gradient was composed of mobile phase A (water + 0.1% formic acid) and mobile phase B
(acetonitrile + 0.1% formic acid) at a flow rate of 0.5 mL/min (Table S1). The autosampler was
maintained at 10 °C and the column compartment at 40 °C.

MS data were acquired on a Thermo Fisher Q-Exactive Plus hybrid quadrupole orbitrap mass
spectrometer operating in positive parallel reaction monitoring (PRM mode, Table S2). Instrument
calibration was performed using Thermo Fisher Calmix. All samples underwent a 12.5-minute
runtime elution gradient as follows: start at 5% solvent B for one minute, gradual increase to 100%
solvent B for eight minutes, hold at 100% solvent B for two minutes, drop to 5% solvent B for 30
seconds, and hold at 5% solvent B for one minute (Table S1). Full PRM parameters were: scan
range set to 100-1,500 m/z, default charge state was 1, resolution was 17,500, AGC target set to
2e5, maximum IT was 54 ms, isolation window set to 1 m/z, and normalized collision energy
increased from 20-60%. MS source parameters were as previously described in?.

Raw data files were converted to mzXML format using MSConvert.
Data availability

Data from LC-MS (accession number MSV000087656) and SCMS (accession number
MSV000089503) have been deposited in MassIVE.
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Table S1. Solvent gradient used in the LC-MS/MS experiments.

Time Flow %A'  %B?
(mL/min)
0.00 0.500 95.0 5.0
1.00 0.500 95.0 5.0
9.00 0.500 0 100.0
11.00 0.500 0 100.0
11.500 0.500 95.0 5.0
12.500 0.500 95.0 5.0

]A: water with 0.1% formic acid.

ZB.' acetonitrile with 0.1% formic acid.
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Table S2. Parameters of the Thermo Fisher Q-Exactive Plus hybrid quadrupole orbitrap mass
spectrometer used for Full MS/dd-MS? analysis.

General
Runtime 0 to 12.5 min
Polarity Positive
Default Charge 1
Inclusion On
MS?
Resolution 17,500
AGC target 2x10°
Maximum IT 54 ms
Isolation window 1.0 m/z
Fixed first mass -
(N)CE/stepped NCE: 20, 40, 60
ESI Ion Source
ID HESI
Sheath gas flow rate 35
Auxiliary gas flow rate 10
Sweep gas flow rate 0
Spray voltage 3.80 kV
S-lens RF level 50V
Capillary temperature 320 °C
Auxiliary gas temperature 350 °C
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Table S3. GNPS parameters used for annotation.

GNPS Search Single Spectrum

Search Options
I Find Related Datasets Do it
I Select Databases to Search I All
I Parent Mass Tolerance I 0.02 Da
I Ion Tolerance I 0.02 Da
I Min Matched Peaks I 4
I Score Threshold I 0.7

Advanced Search Options

Library Class Bronze
I Search Analogs I Do Search
I Search Unclustered Data I Don’t Search
I Top Hit Per spectrum I 5
I Maximum Analog Search Mass Difference I 500.0

Advanced Filtering Options

Filter StdDev Intensity 0.0
I Minimum Peak Intensity I 0.0
I Min Peak Int I 0.0
I Filter Precursor Window I Filter
I Filter Library I Filter Library
I Filter peaks in 50 Da Window I Filter
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Table S4. Metabolites differing between cell groups as determined by ANOVA (p-value <0.05,
FDR-corrected)

m/z Annotation p value FDR-corrected p value
267.0620 N/A 1.66E-10 4.34E-09
302.1440 N/A 0.001722 0.011115

322.885 N/A 2.01E-27 5.66E-24
359.0250 N/A 6.65E-16 3.99E-14
429.9390 N/A 0.001033 0.007073
431.9630 N/A 0.000185 0.001564
515.2590 N/A 0.005041 0.026922
523.2850 N/A 0.00346 0.019204
537.3000 N/A 1.60E-06 2.15E-05
665.3820 N/A 0.010602 0.048378
756.5470 PC(34:3) or LPC(34:4) or PC(O- 0.000168 0.001429

34:4) (Library match to 1-Oleoyl-2-
palmitoyl-sn-glycero-3-
phosphocholine (PC 34:1)) @

768.583 [PC(P-20:0/14:0)+Na]" " 0.000742 0.005306
780.5460 [PC(16:0/18:2)+Na]* " 2.59E-07 4.06E-06
782.5630 [PC(16:0/18:1)+Na]" " 9.58E-08 1.63E-06
808.5770 [PC(18:1/18:1)+Na]" 2.57E-06 3.31E-05
810.5940 [PC(18:0/18:1)+Na]" 0.000114 0.001031

O Features were annotated by GNPS (cosine score = 0.92; number of shared peaks = 5; mass difference to library
reference =4.03) and supported by the annotated spectrum in Figure 4b.

™) Features were annotated manually and supported by the annotated spectra in the Figure S3.

N/A: Metabolites were not annotatable.
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Correctly classified Mis-classified

bystander cells bystander
Infected cells (I/C) (C/B) cells (M/B)
____________________________________________________________________|
| 782.5630" class

780.5460* I/C
808.5770 C/B
756.5470" M/B
768.5830"

810.5940"

267.0620
322.8850 4
359.0250
537.3000 2
523.2850 0
| | 302.1440
515.2590 2
I | | 665.3820 4
429.9390
| | | | 431.9630 -6

Figure S1: Hierarchical clustering of metabolite features differing between infected cells (I/C),
correctly classified bystander cells (C/B), and mis-classified bystander cells (M/B). The
annotated features are marked (*).
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Figure S2. Boxplots for 16 metabolites that showed comparable behavior in infected cells (I/C)
and in mis-classified bystander cells (M/B), as determined by ANOVA test with an adjusted p-
value < 0.05.
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Figure S3. Annotated MS/MS spectra of (a) [PC(P-20:0/14:0)+Na]" (m/z 768.5813), (b)
[PC(16:0/18:2)+Na]" (m/z 780.5493), (c) [PC(16:0/18:1)+Na]" (m/z 782.5654), (d)
PC(18:1/18:1)+Na]" (m/z 808.5801), and (¢) [PC(18:0/18:1)+Na]" (m/z 810.6273) from
individual HeLa cells. NCE: normalized collision energy.
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Figure S4. (a) PCA and (b) PLS-DA of SCMS data obtained from the control and stained (fixed)
cells. (¢) Permutation test statistics of PLS-DA model. The result (p = 0.49) indicates that
fixation and staining processes have no significant influence on cellular metabolites.
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Supporting file 1. Python script for missing value removal.

import pandas as pd

import numpy as np

from tqdm import tqdm

from tqdm. tqdm import trange

# read the data file
df = pd.read csv('All_12-06.csv', header=None)

# show the format to check
dfl.head()

# Set the missing value
missing value = 0.5

# calculate the number of zero for each m/z. if it is higher than the set value, save it.
miss_list =[]
for j in tqdm(range(len(df1) - 2)):
m=0
for 1 in range(len(dfl.iloc[1, :]) - 1):
if dfl.iloc[j+2, i+1] == 0 or dfl.iloc[j+2, i+1] =="0"
m+=1
if m > missing_value * len(df1.iloc[1, :]):
miss_list.append(j+2)

# Drop the row with more than set value data
miss_data = dfl.drop(miss_list, axis=0)

# Save the file
miss_data.to_csv('12-06_50%.csv")
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Supporting file 2. R script for identifying correctly classified and mis-classified adjacent
uninfected cells.

install.packages('caret’, dependencies=TRUE)

install.packages('klaR', dependencies=TRUE)

library(caret)

library(klaR)

library(randomForest)

setwd("E:/OU/Dr.Yang/project 3 BZ McCall/11-10-20 analyzed data new/After R/")
rawdatal <- t(read.csv("blue clear 1.csv", header=FALSE, sep =","))
rawdata2 <- t(read.csv("blue clear 2.csv", header=FALSE, sep =","))
colnames(rawdatal) <- rawdatal[1,]

colnames(rawdata2) <- rawdata2[1,]

datal <- rawdatal[2:123,]

data2 <- rawdata2[2:74,]

datal[is.na(datal)]<-0

data2[is.na(data2)]<-0
label1<-c(rep('Infected',69),rep('Aj_uninfected',53))
label2<-c(rep('Infected',48),rep('Aj_uninfected',25))
data_train<-cbind(as.data.frame(datal), labell)
data_test<-cbind(as.data.frame(data2), label2)

a <- dim.data.frame(data_train)[2]

b <- dim.data.frame(data_test)[2]

# train model

model <- randomForest(data_train$label~., data=data_train[,3:a], importance=TRUE,
ntree=5000)

#test model

predicted <- predict(model, newdata=data_test[ ,3:b])

actual <- data_testSOUTCOME
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