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Abstract: Interactions between host and bacterial cells are integral
to human physiology. The complexity of host-microbe interactions
extends to different cell types, spatial aspects, and phenotypic
heterogeneity, requiring high-resolution approaches to capture their
full complexity. The latest breakthroughs in single-cell RNA
sequencing (scRNA-seq) have opened up a new era of studies in
host-pathogen interactions. Here, we first report a high-throughput
cross-species dual scRNA-seq technology by using random primers
to simultaneously capture both eukaryotic and bacterial RNAs
(scRandom-seq). Using reference cells, scRandom-seq can detect
individual eukaryotic and bacterial cells with high throughput and
high specificity. Acinetobacter baumannii (A .b) is a highly
opportunistic and nosocomial pathogen that is highly attainable
antibiotic resistance posing a significant threat to human health,
calling for discoveries and treatment. In the A .b infection model,
scRandom-seq witnessed polarization of THP-1 derived-
macrophages and the intracellular A .b induced ferroptosis-stress in
host cells. The inhibition of ferroptosis by Ferrostatin-1 (Fer-1)
resulted in the improvement of cell vitality and resistance to A .b
infection, indicating the potential activity to resist related infections.
scRandom-seq provides a high-throughput cross-species dual
single-cell RNA profiling tool that will facilitate future discoveries in
unraveling the complex interactions of host-microbe interactions in
infection systems and tumor micro-environments.

In troduction

Interactions between host and bacterial cells are crucial for
human physiology, with bacteria adapting to the host micro-
environment and the immune system distinguishing beneficial
bacteria from pathogens. The outcome of host-pathogen
encounters depends not only on bacterial virulence traits but
also on the timing, location, and manner of interaction with host
cells.[1-5] The complexity of host-microbe interactions extends to
different cell types, spatial aspects, and phenotypic
heterogeneity, requiring high-resolution approaches to capture
their full complexity at various scales, from the whole organism
to individual cells.[4-5] Acinetobac ter baumann ii (A .b) is a Gram-
negative bacterium and a highly opportunistic pathogen that
poses a significant threat to human health, particularly in clinical
settings where antibiotic-resistant strains are prevalent.[6]

Infecting the human host requires a coordinated response from
A .b that not only impairs cellular defense mechanisms, mainly
in the form of protection via the capsular polysaccharide, but
also enables metabolic and nutritional flexibility.[6-7] Recently, a
growing body of research has focused on understanding the
mechanisms of A .b infection and the host-microbe
interactions.[7-9] Studying A .b infection at the single cell level
may offer novel insights and opportunities for developing
innovative treatments to combat A .b infections, given its rapid
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acquisition of multidrug, extensive drug, and even pan drug
resistance phenotypes.
The latest breakthroughs in scRNA-seq have opened up a new
era of transcriptomics, leading to significant discoveries of
previously unknown cell types, physiological states, and
principles of stochastic gene expression. The 10X Genomics
Chromium scRNA-seq platform has been widely used on
eukaryotes.[10] A prevalent constraint encountered in eukaryotic
scRNA-seq methodologies, including but not limited to 10X
Genomics Chromium, and BD Rhapsody,[11] is their reliance on
oligo(dT)-primed reverse transcription (RT) to capture poly(A)+

RNAs. This reliance results in the omission of information
pertaining to numerous non-polyadenylated RNA categories,
most notably small eukaryotic RNAs.
Recently, our group developed droplet-based single-cell RNA
sequencing technologies for FFPE tissues[12] and bacteria[13],
with state-of-art high-throughput, high-sensitivity, and high-
coverage, by capturing full-length total RNAs with random
primers, in accordance with prior studies,[14-15] showing that
random primer-based RT exhibited enhanced efficiency and a
broader capacity for capturing both eukaryotic and prokaryotic
RNAs. In addition, other groups have developed PETRI-seq,[15]

microSPLiT,[16] and BacDrop[17] for bacterial scRNA-seq. The
primary goal of scRNA-seq in host-microbe systems goes
beyond the capabilities of dual RNA-seq as it aims to
simultaneously profile and correlate gene expression changes
in both individual infected host cells and the microbes.[18-19]

Because of the highly abundant host cell RNA and
permeabilization differences between cells and bacteria, such
bacterial scRNA-seq technologies[13,15-17] cannot be used
directly to study complex host-microbe systems. Although
scDual-Seq[20] based on CEL-Seq2[21] method is a single cell
dual RNA-seq method that could capture both host and
bacterial transcriptomes, it necessitates cell sorting and in v itro
reactions in a single well for each cell which have
disadvantages of complicated operation and far from reaching
high-throughput level. However, dual scRNA-seq is still in its
early stages.
In this study, based on our newly developed random-primer-
based scRNA-seq chemistry,[12-13] we reported a droplet-based,
high-throughput host-microbe scRNA-seq (scRandom-seq) to
simultaneously capture eukaryotic and prokaryotic RNA and try
to investigate the mechanisms and interactions between host
and pathogenic microbes at the single cell level. Compared with
existing technologies, [12,13] scRandom-seq has several
improvements in adopting appropriate permeabilization, pre-
index strategy introducing, barcoding equipment optimization,
host rRNA-depletion, and a new pipeline for host-microbe
single cell analysis. Our scRandom-seq demonstrated high
sensitivity and quantitativeness in mixed eukaryotic and
prokaryotic samples, and identified polarization of host cells
and the inhibition of ferroptosis on resistance to A .b in THP-1
derived macrophages (Mø) (THP-1 Mø) model infected by A .b .
Our scRandom-seq approach will enable us to investigate the
interactions and underlying mechanisms between individual
host cells and bacteria at higher throughput and finer resolution,

with implications for the host-microbe interactions and related
samples.

Results and D iscussion

The workflow of our scRandom-seq method in host-microbe
related samples is schematically shown in Figure 1. To make
our scRandom-seq applicable to multiple species samples, we
optimized the protocol for fixing and permeabilizing the host
cells and microbes to maintain RNA integrity,[13-14,16-17] adopted
random primers-based reverse transcription (RT) reaction
capturing of total RNAs and dA-tailing which enables second
strand synthesis using oligo-dT primers. The RT primers
consist of random primers which contain mainly G, A and T
bases and have a high affinity for binding both eukaryotic and
prokaryotic RNA which results in high efficiency of RT,[12,22-23]

and a pre-indexing sequence that enables us to load each
droplet with multiple cells and minimize genetic
contamination.[24] Then droplet barcoding was conducted on our
customized automated droplet microfluidics platform following a
previously described protocol,[25,26] which is suitable for
capturing both individual host cells and bacteria (Fig. S1A). The
hydrogel barcoded beads were developed based on previous
studies[25,26] and synthesized utilizing a 3-step ligation reaction
(Fig. S1B). In droplets, cell barcoding was achieved via second-
strand cDNA synthesis. To enrich the mRNA portion of the
sequencing investment, Cas9-based rRNA-depletion was
employed which could significantly reduce the portion of rRNA
in sequencing data.[27-29] Further, a new pipeline for host-
microbe single cell analysis was developed, mainly consisting
of cross-species genome alignment and integrated analysis of
host and microbial gene expression patterns. Considering the
permeabilization effect on the eukaryotic cells with lysozyme,
we found the gene expression pattern of the THP-1 Mø treated
with lysozyme did not change (R=0.95, p<2.2e-16) (Fig. S1C-E).
Then, the technical performance of scRandom-seq was
evaluated using reference cells. First, we conducted a standard
eukaryotic species-mixing experiment with a mixture of 293T
cells (Human) and 3T3 cells (Mouse) with scRandom-seq. Of
the 6083 cells which had high-quality and unique barcodes (the
ROGUE values (purity, reads percentage of the corresponding
annotation taxon)[30] were both > 0.96 (Fig. S2A)), 2860 (47.0%)
and 3136 (51.6%) cells were aligned to Human and Mouse
respectively (median genes reached to 2392 and 2213 for
Human and Mouse clusters (Fig. S2B)), while only 1.4%
contained reads mapped to both species (Figure 2a), indicating
a low cross barcode contamination rate in our method. All
biotypes of eukaryotic RNA were captured, including mRNA,
lncRNA, rRNA, miRNA, snoRNA, snRNA, misc_RNA, etc.(Fig.
S2C). Unlike most poly(A)-based scRNA-seq platforms with
obvious 3 ′ -end bias, scRandom-seq displayed evenly
distributed coverage from 3′ to 5′-end of the gene body (Fig.
S2D). Additionally, saturation analysis showed that the number
of genes detected in scRandom-seq had not reached saturation
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Figu re 1. Schematic diagram of the scRandom-seq method on infection model.

Figu re 2 . a , Scatter plot of Human and Mouse UMI counts per cell barcode in a mixture of 293T and 3T3 sample. Identified 293T : n = 2875, identified 3T3 : n =
3289. b , Scatter plot of A .b , E .co li, and K .p UMI counts per cell barcode in a mixture of A .b , E .co li, and K .p sample. Identified A .b : n = 839; identified
E .co li: n = 1140; identified K .p : n = 1800. c , Representative proportions of transcript categories of control and rRNA-depleted THP-1 Mø sample. A .b :
Acinetobacte r baumannii, E .co li:Esche rich ia co li, K .p :K lebs ie lla pneumon iae ; THP-1 Mø, THP-1 derived macrophages (Mø).
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Figu re 3 . scRandom-seq showed the THP-1 Mø polarization depending on A .b infection

a , THP-1 Mø, exposed or unexposed to A .b , were collected and processed with CFU assary or using scRandom-seq at the three time-points. b , UMAP
projection of all the cells collected at the different time points, based on their gene expression colored by time-point. c , The detected reads of intracellular
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A .b in the tested cells. d , Top Differential expressed genes (DEGs) among cluster 2 and cluster 3. e , Histogram of KEGG enrichment analysis of top DEGs

in cluster 0, 1, 2 and 3. f, The reprogramming trajectory colored by the pseudo-time order of the cells using Monocle 3.

point by 50 k uniquely aligned reads per 3T3 and 293T cells
(Fig. S1E). Then, to further demonstrate the benchmark of
scRandom-seq for prokaryotic species, we tested it on an A .b ,
Escherich ia co li (E .co li) and K lebs ie lla pneumon iae (K .p)
mixture (AEK mixture). The generated sequencing data sets
demonstrated similar alignment visualizations through UMAP
dimensionality reduction, resulting in clear separation (Figure
2b). The purity analysis revealed that the majority of barcodes
exhibited high species purity (>95%) (Fig. S2F). Our
scRandom-seq technique effectively captured RNA from each
bacterial species, with a median count of over 200 genes per
cell for A .b (274), E . co li (249), and K . p (221) (Fig. S2G).

To test the efficiency of Cas9-based rRNA depletion, we
designed 114 guide RNAs (gRNA) according to the human
rDNA sequences under the optimized experimental conditions
as described in the method section.[27] The rRNA proportion
reduced from 73.5% to 22.4%, while the coding base was
increased almost four times (12% to 44%) (Figure 2c) without
changing the gene expression pattern (Fig. S2H). Overall, we
showed that scRandom-seq worked well both in eukaryotic and
prokaryotic samples.

To further validate scRandom-seq in simultaneously capturing
both host and pathogen transcriptomes at single cell level, we
used the intracellular-bacteria models in which the THP-1 Mø
were infected with A .b at a 50:1 MOI (Multiplicity of Infection)
for two time points (0.5 h and 4.0 h) (Figure 3a). The infected
samples were washed with PBS, treated with gentamicin to kill
extracellular bacteria, and then washed again. Along with the
uninfected THP-1 Mø samples, we processed all three samples
with the following steps: 1) perform lysis and the CFU (Colony
Forming Unit) assay to count the number of intracellular
bacteria (Fig. S3A and Fig. S3B); 2) implement the scRandom-
seq procedures (the median UMI of the three samples reached
to about 2000 (Fig. S3C)). The CFU assay showed that the
CFU was 0±0 (mean±SEM) at 0 h, 8000±2000 (mean±SEM)
at 0.5 h, and 16000±1000 (mean±SEM) at 4.0 h (Fig. S3A and
Fig. S3B), indicating the A .b internalization of the infected
samples. To ensure the accuracy of the detection, we set up
negative controls during the experimental process, not only for
uninfected samples but also for environmental negative
samples. In the process of data analysis, threshold lines are set
based on the sequencing results of the two negative controls
mentioned above to ensure the authenticity of the obtained
sequencing data. By performing the scRandom-seq and
unbiased comparison of THP-1 derived Mø and A .b reads
across the three time points using Seurat, we found that the
three samples showed four expression patterns (cluster 1 for
the uninfected samples (821 cells), cluster 0 for the 0.5 h-
infected samples (944 cells), and cluster 2 (423 cells) and
cluster 3 (156 cells) for the 4.0 h-infected samples) (Figure 3b).
The detected A .b reads in the three samples showed a similar
increasing trend with the CFU assay from 0 h to 4.0 h (Figure

3c and Fig. S3D). The gene counts per cell and total gene
counts of A .b detected from the uninfected and the two time
points infected samples were shown in Fig. S3E and Table.S1,
the transcripts of bacteria in infected samples are 10 times or
more than those in uninfected samples similar transcript
expression trends observed in scDual-Seq,[20] but scRandom-
seq has high-throughput advantages that scDual-Seq does not
have. Although the number of reads of A .b per host cell was
low when averaged, it is sufficient to conduct relevant analyses
if combining all A .b reads in each cluster (Table.S1 and
Table.S2). Although some single-cell RNA-seq studies have
detected several bacteria RNA,[31] bacterial total RNA cannot be
covered. The reason for the fewer detected reads of
intracellular A .b in single host cells is that the bacterial cells
contain only a femtogram amount of RNA, that is, >100 times
less than the typical eukaryotic cell. [5] Currently, we look at bulk
bacterial gene expression within eukaryotic host cell clusters.
Further efforts are needed to optimize the current technologies
for looking at bacterial expression at the single host cell in dual
host-bacterium RNA-seq experiments, such as optimizing the
permeabilization and reverse transcription to improve the
capture efficiency of bacterial transcripts, and selectively
enriching bacterial reads by bacterial DNA target enrichment
probes or reducing non-coding transcripts of both host and
bacterium by Cas9-based depletion.
We termed cluster 0 THP-1 Mø as the “early infection cells” for
three reasons: 1) their global transcriptional patterns were more
similar to the uninfected than other infected cells; 2) the number
of intracellular bacteria was lower than other infected cells; 3)
highly variable genes in cluster 0 (CCDC91 and SPART)
showed phagosome-related features (Fig. S4A). We termed
cells in cluster 2 and cluster 3 as the “ late infection cells” as
their highly variable genes (such as PTGS2, CCL3L3, TRAF1,
and TNF) were enriched in immune activation-related pathways
(Figure 3d and Table. S3). Combined highly differential
expressed genes (DEGs) (the average of log2Foldchange > 0.6,
the adjusted-p value < 0.05) enriched in infection-related
pathways such as Salmone lla infection, TNF signaling pathway,
IL-17 signaling pathway, Ferroptosis, NF-kappa B signaling
pathway, Apoptosis, NOD-like receptor signaling pathway, Toll-
like receptor signaling, Necroptosis, Phagosome, etc. (Figure
3e and Fig. S4B), which represented the response of host cells
at different stages of infection. For PTGS2, flow cytometry
analysis in the uninfected THP-1 Mø samples and infected
THP-1 Mø samples showed enhanced protein levels in the
infected samples (Fig. S5A), which supported our finding in
cluster 2 and cluster 3. Through our scRandom-seq,
polarization has been observed in A .b infected THP-1 Mø
during infection as in various single-cell studies.[32-33]

Moreover, the reprogramming trajectory in a pseudo-temporal
manner using Monocle 3[34] (Figure 3f) among the cells in
Figure 3b showed that the expression patterns represented the
infection processes just as the time-points of infection manner
from the uninfected cells (cluster 1) to the “early infection cells”
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(cluster 0) and the “late infection cells” (cluster 2 and cluster 3).
Though some cells did not engulf A .b , they still exhibited similar
expression patterns to those of infected cells at the same time,
which might be caused by cell-cell communications.[33]

Although the cells in cluster 2 and cluster 3 all came from the
4.0 h time-point samples and were sorted together in our
pseudo-temporal analysis, they did have different expression
patterns, as shown in Figure 3b. Therefore, we did further the
KEGG enrichment analysis using their specific DEGs to identify
the differences between them. As shown in Fig. S4B, the TNF
signaling pathway, NF-kappa B signaling pathway, Salmonella
infection, IL-17 signaling pathway, Toll-like receptor signaling,
NOD-like receptor signaling, Apoptosis, and Necroptosis were

highly ranked both in cluster 2 and cluster 3, and all these
pathways belonged to the host’s innate immune responses.
Interestingly, we found that Ferroptosis pathway and HIF-1
signaling were more prominent in cluster 2 than in cluster 3
(Figure 4a). Ferroptosis is a newly defined programmed cell
death characterized by iron overload and lipid peroxidation,
which was also found in Pseudomonas aerug inosa ,
Mycobacterium tubercu los is , Magnaporthe oryzae , S .aureus ,
and E .co li infection.[35-39] The ferroptosis-related gene TFRC,
SLC39A14, ACSL1, HMOX1(HO-1), ACSL5, and NCOA4 were
among the top DEGs in cluster 2 when compared to cluster 3
and cluster 1 (the uninfected samples) (Figure 4b and Fig. S4C).

Figure 4 . Host-microbe heterogeneity was driven by Ferroptosis-stress induced by intracellular A .b
a , Histogram of KEGG enrichment analysis of top DEGs in cluster 2 and 3 separately. b , Expression of genes involved in Ferroptosis pathway in sub-

clusters. c , Expression of genes of intracellular A .b involved in bacterioferritin and cell division. d , The diagram of ferroptosis-stress and expression of

related genes in the cells and intracellular A .b in cluster 2 cells. HO-1: HMOX1
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Highly expressed TFRC and SLC39A14 in cluster 2 might
transport the Fe3+ and Fe2+ into the cytoplasm respectively,
while HMOX1 catalyzed heme degradation and facilitated the
release of free iron,[40] which all resulted in Fe2+ accumulation in
the cytoplasm and the subsequent aggravated Fenton reaction
accompanied with the ferritinophagy degradation by NCOA4.[41]

The increased PUFA-CoA caused by the upregulation of
ACSL1 and ACSL5 and the increased Fenton reaction together
led to lipid peroxidation and, ultimately, ferroptosis in host
cells.[42,43]

We assumed the ferroptosis-stress in cluster 2 cells other than
cluster 3 cells could be attributed to the different expression
patterns of the intracellular A .b in the host cells. So we
combined all A .b reads in each cluster for conducting relevant
analyses, and the total detected A .b genes in cluster 0, 1, 2,
and 3 were shown in Table.S1, which was sufficient to conduct
the relevance analysis. Specifically, the average gene
expression level for each cluster was calculated by the total
UMI count of each A .b genes within the cluster divided by the
total UMI of intracellular A .b in each cluster. For control
samples, the average gene expression level was calculated by
the total UMI count of each A .b genes/total UMI of all A .b cells
in the three bacteria mixed sample. Surprisingly, the expression
patterns of intracellular A .b in the cluster 2 and cluster 3 cells
were completely different (Table. S4). The genes of intracellular
A .b in the cluster 2 cells which encode bacterioferritin (A1S-
0800 and A1S-3175), ferredoxin (A1S-1512 and A1S-3322),
ferric siderophore receptor protein (A1S-1725), and cell division
protein (A1S-2681 and A1S-1930) were highly expressed
(Figure 4c and Fig. S5B), suggesting that the intracellular A .b
was in a state of cell division with a higher demand for iron,
which can explain the reason of iron accumulation trend in the
cytoplasm of host cells. Unlike the host cells in cluster 2, the
glutathione peroxidase (gpx, a ferroptosis inhibitor[44]) in the
intracellular A .b in cluster 2 cells was significantly up-regulated,
which might inhibit the occurrence of ferroptosis and facilitate
cell survival and replication. Therefore, we proposed the
following diagram to show how the demand for iron of
intracellular A .b drives the ferroptosis-stress in the host cells to
survive and even replicate in vivo (Figure 4d): The intracellular
A .b might be in the stage of differentiation and appreciation,
exhibiting a high demand for iron, leading to a significant
accumulation of iron in the host cells.[1,45,46] This process is
mediated by the up-regulation of TFRC, SLC39A14, and
HMOX1, ultimately leading to a significant increase in iron-
mediated Fenton reaction in the cytoplasm. Specifically, TFRC
and SLC39A14 could promote iron absorption by cells, and
some studies have shown that SLC39A14 and TFRC are
induced by TNF-α .[32-33,47] HMOX1 catalyzes heme to release
Fe2+, and as a target gene of the HIF-1 pathway that was found
activated in cluster 2, it would be expressed during infection for
some bacteria to create a hypoxic environment which would
activate the HIF pathway in host cells.[2,40] These two processes
ultimately lead to a significant increase of the iron-mediated
Fenton reaction in the cytoplasm. At the same time, the up-
regulation of ACSL1/5, as the inducer of ferroptosis,[42-43] would
promote the production of a large amount of PUFA-CoA, which,

in conjunction with the abundant free radicals generated by the
Fenton reaction, lead to lipid peroxidation and the
accompanying ferroptosis-stress. By overexpressing GPX, the
key ferroptosis-inhibiting factor,[46] intracellular bacteria could
survive and even grow or proliferate without ferroptosis stress.
To verify our hypothesis in Figure 4d whether ferroptosis
occurred and benefited the host cells or the bacteria, the
biomarkers (FTL and FTH1 for intracellular iron, glutathione to
oxidized glutathione (GSH/GSSG) ratio and MDA for oxidative
stress) were tested and the inhibitor Ferrostatin-1 (Fer-1) was
used. We found that the activity of THP-1 Mø infected for 4.0 h
was indeed severely inhibited through Cell Counting Kit-8
(CCK8) assay for cell proliferation and cytotoxicity test (Figure
5a). Meanwhile, compared with uninfected cells, the expression
of FTL was significantly increased (Figure 5b, and the
uncropped blot images were in Fig. S6), suggesting a
significant accumulation of iron in host cells. The significant
decrease in GSH/GSSG ratio (Figure 5c) and the significant
increase in MDA content (Figure 5d) both indicated an increase
of lipid peroxidation in host cells. Based on these results, there
was indeed a pressure of ferroptosis within the host cells. Next,
we experimented on ferroptosis inhibition mediated by Fer-1.
The GSH/GSSG ratio and MDA of THP-1 Mø cells treated with
10 μ M Fer-1 were significantly reversed (Figure 5e and 5f),
indicating that the pressure of ferroptosis was suppressed.
Correspondingly, the cell viability of the host cells was
significantly improved (Figure 5g and Fig. S7A), and the CFU
experiment of the cell lysis after infection confirmed a significant
decrease in the internalized A .b (Figure 5h, Fig. S7B, and S7C).
Unlike the study stated that ferroptosis stress promoted
macrophages against intracellular bacteria,[39] we assumed that
intracellular A .b was the cause of ferroptosis-stress in the host
cells, leading to a decrease in cell viability, like the ferroptosis
triggered in bronchial epithelium cells by Pseudomonas
aerug inosa [35] and Mycobacterium tubercu los is infection.[36] The
introduction of Fer-1 can substantially alleviate the burden of
ferroptosis, consequently enhancing cell viability and, ultimately,
bolstering resistance against bacterial infections. So, alleviating
the ferroptosis stress of host cells could effectively resist A .b
infection and might become a therapeutic target. In summary,
inhibiting ferroptosis in host cells could prevent A .b invasion of
host cells (Figure 5i).

Conclusion

In conclusion, we demonstrated scRandom-seq, a new high-
throughput host-microbe dual scRNA-seq technology, and
evaluated its detection efficacy in eukaryotic samples and
different bacteria samples. Applying this technology to the A .b
infection model, we witnessed the ferroptosis-associated
heterogeneity in host cells for the first time, which suggests that
ferroptosis may become a new clinical target for resisting A .b
infection. The application of this advanced scRNA-seq
technology holds promising prospects in various fields.
Particularly, in the context of human tumors, where bacteria
function and impacting cancer patient outcomes.[48-51] The
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Figu re 5 . Inhibiting ferroptosis by Ferrostatin-1 helped host cells to resist A .b infection

a , The OD value at 450 of the uninfected THP-1 Mø samples and the 4.0 h-infected samples in CCK8 assay. b Western blot and the relative FTL and

FTH1 level of the uninfected THP-1 Mø samples and the 4.0 h-infected samples. c , MDA of the uninfected THP-1 Mø samples and the 4.0 h-infected

samples. d , GSH/GSSG ratio of the uninfected THP-1 Mø samples and the 4.0 h-infected samples. e , GSH/GSSG ratio of the 4.0 h-infected samples and

Ferrostatin-1 (Fer-1) treated 4.0 h-infected samples. f, MDA of the 4.0 h-infected samples and Fer-1 treated 4.0 h-infected samples. g , The OD value at

450 of the 4.0 h-infected samples and Fer-1 treated 4.0 h-infected samples in CCK8 assay. h , The A .b internalization of the 4.0 h-infected samples and

Fer-1 treated 4.0 h-infected samples. i, Schematic diagram of Fer-1 on resisting A .b infection. ns: not significantly; *: 0.01<p <0.05;**: 0.001<p <0.01
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colonization and proliferation play a role in regulating immune
function and impacting cancer patient outcomes.[48-51] The
scRandom-seq opens up exciting possibilities for investigating
host-microbe interactions in infection models and tumor-
microbe samples, which could aid in understanding disease
progression and treatment strategies.
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Graph ica l Abstract

We demonstrated scRandom-seq, a new high-throughput Random primer-based host-microbe dual scRNA-seq technology, and
applied this technology to A .b infection model. We witnessed the ferroptosis-associated heterogeneity in host cells for the first time,
which suggests that ferroptosis may become a new clinical target for resisting A .b infection.

10.1002/anie.202400538

A
cc

ep
te

d 
M

an
us

cr
ip

t

Angewandte Chemie International Edition

This article is protected by copyright. All rights reserved.

 15213773, ja, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202400538 by Z

hejiang U
niversity, W

iley O
nline L

ibrary on [04/03/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


