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Abstract

Breast milk immunoglobulin G (IgG) plays an important role in the transfer of passive immunity in early life and in shaping
the neonatal immune system through N-glycan-mediated effector functions. Currently, there are no protocols available to
analyze breast milk IgG-Fc glycosylation in mouse models. Therefore, we developed and validated a glycoproteomic workflow
for the medium-throughput subclass-specific nano-LC—MS analysis of IgG enriched from small milk volumes of lactating
mice. With the established methods, the IgG glycopatterns in a mouse model of antibiotic use during pregnancy and increased
asthma susceptibility in the offspring were analyzed. Pregnant BALB/c mice were treated with vancomycin during gesta-
tion days 8—17 and IgG1F, IgG2, and IgG3-Fc glycosylation was subsequently analyzed in maternal serum, maternal breast
milk, and offspring serum on postnatal day 15. The IgG glycosylation profiles of mouse maternal milk and serum revealed
no significant differences within the glycoforms quantified across subclasses. However, vancomycin use during pregnancy
was associated with changes in IgG-Fc glycosylation in offspring serum, shown by the decreased relative abundance of the
IgG1F-G1 and IgG3-GO glycoforms, together with the increased relative abundance of the I[gG3-G2 and S1 glycoforms. The
workflow presented will aid in the emerging integrative multi-omics- and glycomics-oriented milk analyses both in rodent

models and human cohorts for a better understanding of mother—infant immunological interactions.
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Introduction

Breastfeeding is important for growth and development dur-
ing infancy, and breast milk also contributes to the micro-
bial colonization of the infant’s intestine and subsequent
immune system development via its constituent nutrients,
bioactive compounds, and immune components [1]. Consid-
ering immune components, breast milk is a major source of
maternal immunoglobulins (Ig), which participate in passive
immunity and protect the infant against diseases during early
life [2]. Before birth, the fetus acquires IgG transplacentally
via the neonatal Fc receptor (FcRn) [3], whereas in neo-
nates, the same receptor transfers maternal milk IgG from
the neonatal gut to the circulation (Fig. 1). Though secretory
immunoglobulin A (sIgA) is the most abundant immuno-
globulin in human breast milk [4], studies have also shown
potential important roles for milk IgG antibodies in shaping
the neonatal microbiota [5], protection against bacterial or
viral enteric infection [6], and the development of allergies
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Fig. 1 Diverse roles of breast milk IgG in the neonate. IgG is trans-
ferred by FcRn-mediated transcytosis from the maternal bloodstream
to the breast milk and then via the breast milk to the neonate. Func-
tions in the neonate include a shaping the gut microbiota, b, ¢ sup-
pressing bacterial and viral enteric infections, and d, e contributing
to allergy and/or asthma development. Unknown aspects include the
influence of f IgG-Fc and Fab N-glycosylation, as well as g antibody
subclasses, stability, and half-life on these pathways
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and asthma [7], shown in Fig. 1a—e. Though these findings
demonstrate an important potential role for IgG in the neo-
nate [8], there is a paucity of studies examining breast milk
IgG [9]. In particular, the influence of breast milk IgG gly-
cosylation (Fig. 1f), as well as antibody subclasses, stabil-
ity, and half-life (Fig. 1g) on the aforementioned pathways,
remains unexplored.

IgG antibodies exhibit a wide range of effector functions,
and N-glycans attached to the fragment crystallizable (Fc)
region can directly influence the inflammatory capacity of
this molecule [10]. The backbone of an N-glycan consists
of N-acetylglucosamine (GlcNAc), mannose with or without
fucose, galactose, and sialic acid, and these molecules can
theoretically form 36 possible combinations in each sub-
class of IgG. Each particular combination determines the
pro- or anti-inflammatory properties of the antibody, with
the addition of galactose or sialic acid generating an anti-
inflammatory effector function [11]. Though mouse serum
IgG-Fc glycosylation has been well studied, revealing age-,
sex-, and strain-dependent differences [12], to our knowl-
edge, there is currently no method established to measure
IgG glycosylation patterns in mouse breast milk. Given the
potential impact of breast milk IgG glycosylation on the neo-
nate, a protocol for analyzing IgG-Fc glycosylation in mouse
breast milk will be of great benefit.

To enable the study of subclass-specific IgG-Fc N-gly-
cosylation in mouse breast milk, we developed and vali-
dated a method using nano-liquid chromatography coupled
to mass spectrometry (nano-LC-MS). Using this model, we
performed site-specific N-glycosylation profiling of mouse
IgG1f, IgG2a/b/c, and IgG3 enriched from minimal volumes
of milk. The suitability of the newly developed workflow
was tested on our recently established mouse model of anti-
biotic use during pregnancy [13]. Here, we use our method
to assess how antibiotic-induced microbial dysbiosis dur-
ing pregnancy influences IgG glycosylation in both maternal
breast milk and serum and the serum of the progeny.

Materials and methods
Animals

Ten-week-old BALB/c mice were obtained from Janvier
Labs (Le Genest-Saint-Isle). Mice were maintained under a
12/12 h light/dark cycle under specific pathogen-free condi-
tions and housed in groups of five per cage, and food was
provided ad libitum. All animal experiments were approved
by local authorities (Landesamt fiir Gesundheit und Sozi-
ales; LAGeSo) and were performed in accordance with Ger-
man and international guidelines.



Mouse milk immunoglobulin G Fc-linked N-glycosylation nano-LC-MS analysis in a model of...

After mating, the formation of a vaginal plug was denoted
gestation day (G)0 of pregnancy. From G8 to G17, pregnant
mice were treated once daily, orally via micropipette, with
25 uL of vancomycin (20 mg/kg, Sigma-Aldrich) mixed with
15 pL of Ora-Sweet syrup (Paddock Laboratories). Control
pregnant mice were treated with distilled water plus Ora-
Sweet. Offspring were kept with their mothers until postnatal
day (PN)15 and then euthanized for sample collection. The
experimental design is shown in Fig. 2a.

Sample collection

After 4 h of separation from their pups (to allow for milk
accumulation), maternal milk was collected from the PN15
mothers using a protocol specially adapted from [14]. In
short, PN15 lactating mice were anaesthetized with keta-
mine and xylazine, placed on a heating pad, and intraperito-
neally injected with 1 IU oxytocin (Sigma-Aldrich) in 50 uL
of phosphate-buffered saline (PBS) to stimulate milk secre-
tion. Milk was collected over a period of 20-30 min using
a specially constructed, air-tight milk collector connected
to a human breast milk pump. After collection, milk was
flash-frozen in liquid nitrogen and stored at — 80 °C until
analysis. For blood collection, both mothers and offspring
were terminally anaesthetized, and blood was collected from
the orbital sinus. Serum was collected by centrifugation, and
samples were stored at— 80 °C.

Fig.2 Experimental design a)
and subclass-specific IgG
N-glycosylation analysis work-

flow. a Experimental design of
vancomycin-induced maternal

gut dysbiosis. Pregnant mice --
were treated orally, once daily

" BALB/c dams

- & Controls

Vancomycin orally, 10 days (20 mg/kg)

+
Vancomycin treatment

Mouse milk skimming and IgG immunoaffinity
enrichment

IgG was enriched from 25 to 100 pL of milk. Thawed sam-
ples were diluted to 250 uL with 1 X PBS (pH 7.4) and vor-
texed and centrifuged at 10 000 X g at+4 °C for 15 min to
separate the fat and cells. The 130 pL of clear skimmed
milk layer (infranatant) was transferred to a clean 2-mL
microtube, and the centrifugation step was repeated with
another 250 uL. 1 Xx PBS. Combined infranatants (260 pL)
were diluted to 1 mL final volume with 1 xPBS (Fig. 2b).
Four standards (100 pL) prepared by pooling the cohort milk
samples were included in the analysis. The same volume of
ultrapure water was included as a single blank sample.

IgG was enriched on FastFlow protein G agarose beads
(EMD Millipore Corp.). The required volume of the slurry
was prewashed three times with 5 mL of 1 X PBS and then 30
uL of agarose (packed volume) was added to each skimmed
milk sample. The samples were shaken for 1 h at 75 rpm
on a rocking shaker (IKA®-Werke GmbH & Co.) and spun
down, and the supernatant was discarded. Next, the beads
were washed three times with 200 uL of 1 XPBS and once
with 100 pL of ultrapure water to remove the unbound pro-
teins. The IgG was eluted from the beads by adding 200
pL of 0.1 M formic acid (Merck KgaA) and incubated with
shaking for 10 min at room temperature. The eluted IgG
was transferred to a 0.5 mL microtube containing 25 uL 1 M
ammonium bicarbonate (Acros Organics) to neutralize the
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acid and then dried down in a SpeedVac™ vacuum centri-
fuge (Thermo Scientific) at 40 °C.

IgG enrichment from mouse serum

Twenty uL of mouse serum was diluted with 980 pL of
1xPBS (pH 7.4), and IgG enrichment was performed as
described for milk samples. Four standards (20 pL), pre-
pared by pooling the cohort serum samples, were included
in the analysis. The same volume of ultrapure water was
included as a single blank sample.

Trypsin digestion and glycopeptide desalting

The dried IgG from milk and serum was redissolved in 25
pL of 25 mM ammonium bicarbonate and digested with a
0.2 pg of sequencing grade trypsin (Promega Corp.) for
18 h at 37 °C. The tryptic glycopeptides were desalted
on 200 uL StageTips made by punching Empore™ C,,
solid-phase extraction disks (3 M Company) with a
16-gauge blunt needle. The medium-throughput work-
flow was facilitated by stacking the StageTips onto a
2-mL 96-well collection plate (Pall Corp.) for centrifuga-
tion (Fig. Sla, b).

The trypsin digestion was stopped by adding 75 pL of
0.1% (v/v) trifluoroacetic acid (TFA). The tips were first
washed with 100 uL of 80% (v/v) acetonitrile (ACN)
and equilibrated with 100 pL 0.1% TFA by centrifuga-
tion using an Eppendorf® deep-well plate swing rotor
(2 min per step, 1027 x g). Diluted samples were applied
to the pre-conditioned StageTips (4 min, 657 X g) and
washed 2 times with 100 uL of 0.1% TFA. Flowthrough
was then discarded, tips were restacked directly onto
high-performance liquid chromatography (HPLC) vials
(Fig. Slc, d), and glycopeptides were eluted with 50 pL.
of 20% ACN (v/v) by centrifugation and dried down
in a vacuum centrifuge. The dry samples were stored
at—20 °C.

Nano-LC-ESI-QqTOF analysis

The site-specific N-glycosylation analysis of mouse
IgG was performed as previously described using an
ACQUITY UPLC M-class nano-LC system (Waters,
Milford) equipped with a binary analytical and auxil-
iary pump, autosampler, column heater, and trap valve
manager. The LC was coupled to a Compact™ QqTOF
mass spectrometer via a CaptiveSpray™ ESI ion source
supported with nanoBooster™ gaseous dopant addition
technology (Bruker Daltonik GmbH). Dried glycopep-
tides were redissolved in 50 puL of ultrapure water, and
7 uL was injected into a C;3 Acclaim™ PepMap™
trapping column (5% 0.3 mm, 5 pm, 100 A, Thermo
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Scientific). The sample was desalted for 2 min with a
40 pL/min flow rate of 0.1% TFA (v/v) from the aux-
iliary pump and separated on a SunShell C,5 column
(150x 0.1 mm, 2.6 pm, 90 A, ChromaNik Technolo-
gies Inc.) heated to 30 °C. A fast exponential 7-min
gradient (curve 10), starting from 15% solvent B (80%
ACN in 0.1% TFA, v/v) and 80% solvent A (0.1% TFA,
v/v), and ending in 27% solvent B, was used for high-
throughput nano-LC-MS analysis. The mass spectrom-
eter was operated in a reflectron positive ion mode. The
profile spectra were acquired at 2 X 0.5 Hz within the
m/z range 600-2000.

Glycoproteomic data processing

The expected most abundant mouse I1gG1, IgG2m and
IgG3 N-glycopeptide compositions (Fig. 3a) were assigned
based on doubly, [M +2H]?*, and triply, [M + 3H]*",
charged ions for each subclass. Allelic variants IgG1F
and IgG1I as well as IgG2a, IgG2b, and IgG2c were ana-
lyzed as total IgG1 or IgG2, respectively. LaCy Tools data
processing software (v.1.0.1, build 5) was used for auto-
mated chromatogram alignment and data extraction [15].
Its design and usage for high-throughput mouse IgG glyco-
proteomics have been described elsewhere [16]. Raw MS|1
files were converted to mzXML format using ProteoWiz-
ard MSConvert (v. 3.0), and extracted ion chromatograms
were aligned based on three calibrant m/z values for each
cluster. At least 95% of the theoretical isotopic distribution
was quantified for each glycopeptide. Peak areas were nor-
malized to the total integrated area of each IgG subclass.
The software automatically calculates the signal-to-noise
(S/N), isotopic pattern quality (IPQ), and relative mass
accuracy (in ppm) for output data quality control. Analytes
with mass error ~ 35 ppm, S/N <9, and IPQ ~ 0.35 were not
quantified. Complete LaCy Tools search, alignment, and
extraction settings are listed in Table S1.

Method validation

The milk volume collected from the mouse mothers
depended on the litter size. Thus, we first validated the
newly developed protocol feasibility with 25, 50, 100,
and 200 pL of a mouse milk pool collected independently
from healthy lactating females of the same strain. The
analysis was done in triplicate, and the performance was
assessed based on summed absolute intensities of doubly
and triply charged protonated ions, S/N, and IPQ of each
IgG-Fc glycoform detected. Next, intra- and inter-day
precision were determined by analyzing four replicates
of 30 and 100 pL of mouse milk by a single analyst for
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Fig.3 a Structure and composition of glycan structures. The depic-
tions are given according to the Symbol Nomenclature for Gly-
cans (SNFG). 1Composition: H, hexose; N, GlcNAc; F, fucose; G,
Neu5Ge. Structure: F, core fucose; An, numbers of antennas; Gn,
number of galactoses; Sn, number of sialic acids (Neu5Gc). b Rela-
tive abundances of mouse milk IgG-Fc N-glycoforms per subclass.
¢ Derived glycosylation traits are calculated as the percentage of the
corresponding glycoform(s) relative abundance in the total glycopro-
teome of each IgG subclass. B, bisection; GO0, agalactosylation; G1,
monogalactosylation; G2, digalactosylation; «l,3-Gal, «l,3-linked

2 consecutive days using the same LC-MS setup. The
subclass-specific IgG N-glycosylation analysis workflow
is detailed in Fig. 2b.

Statistical analysis

Data are presented as the mean + standard error or SEM where
indicated. Normality of the data was assessed by the Shap-
iro—Wilk test. Parametric/nonparametric data were analyzed
by ¢ test/Mann—Whitney U test. All the statistical tests and cal-
culations were performed with the software GraphPad Prism 9.

galactosylation; S1, monosialylation; S2, disialylation. The tryp-
tic glycopeptide sequences and their N-glycosylation site position
(marked in red) are given above each pie chart. d Milk volume opti-
mization results are summarized in a heatmap (25-100 pL, n=3 for
each volume tested). Abs. Int., summed absolute intensities of doubly
and triply charged glycopeptide ions per IgG subclass; S/N, signal-
to-noise ratio; IPQ, isotopic pattern quality. The values are min—max
normalized. e, f Inter- and intra-day method precision was assessed
for 30 pL and 100 pL milk (n =4 for each volume)

Results and discussion

Milk IgG enrichment workflow and nano-LC-MS
glycopeptide analysis

Although studies have described IgA glycosylation [17] and
IgG sialylation [9] in human breast milk and mouse studies
report the total breast milk glycoproteome [18], to our knowl-
edge, no study has provided a detailed profile of subclass-
specific IgG glycosylation in the breast milk of humans or
mice. Mouse milk immunoglobulins analysis is limited by

@ Springer



Alhasan M. M. et al.

small sample volume and high-fat content, complicating
downstream sample processing and antibody enrichment.
Here, we demonstrate a medium-throughput glycoproteomic
workflow for mouse milk IgG-Fc N-glycosylation profiling
using as little as 25-100 pL milk volume. This procedure
included milk skimming, immunoaffinity IgG enrichment, and
glycopeptide preparation followed by nano-LC-ESI-QTOF
analysis. In short, a modified breast milk pump was used to
collect milk from lactating mice, samples were skimmed by
high-speed centrifugation, and IgG was enriched from the
remaining defatted infranatant on protein G agarose beads.
Tryptic N-glycopeptides were prepared from the enriched
IgG by digestion with trypsin and desalted on C,g StageT-
ips instead of 96-well filter plates to minimize analyte loss
(Fig. Sla, b). Seamless StageTip handling and centrifugation
for enhanced throughput were achieved by stacking the tips
onto the 96-well collection plates instead of handling them
individually (Fig. S1c, d). Nano-LC-MS glycoproteomic anal-
ysis allowed for fast subclass-specific IgG-Fc N-glycosylation
analysis (Fig. S2), and we have successfully quantified nine
(for IgG1) and eight (for IgG2 and IgG3) of the most abundant
IgG glycoforms enriched from mouse milk (Fig. 3b).

Subclass-specific IgG-Fc N-glycosylation of mouse
milk

In this study, we analyzed the subclass-specific N-glyco-
sylation of breast milk and serum IgG enriched from 15
BALB/c mothers (9 control and 6 vancomycin treated) and
22 of their female offspring. Mouse serum IgG glycosyla-
tion has been analyzed extensively both on released gly-
can and glycopeptide levels using ultra-performance liquid
chromatography with a fluorescence detector (UPLC-FLR),
capillary gel electrophoresis with laser-induced fluorescence
(CGE-LIF), and nano-liquid chromatography-mass spec-
trometry (nano-LC-MS(/MS)) techniques [19]. However,
the glycosylation patterns of mouse milk IgG have not been
reported thus far. Our experiments using mouse breast milk
show that for all three IgG subclasses, the most prominent
glycosylation feature was the presence of agalactosylated
(H3N4F1), monogalactosylated (H4N4F1), and diglalacto-
sylated (H5SN4F1) core-fucosylated glycans (Fig. 3b). This
was also prominent within derived glycosylation traits GO,
G1, and G2 (Fig. 3c) and is in line with the literature data
on mouse serum IgG glycosylation [19]. On all sialylated
glycoforms, either one (H4N4F1G1, H5N4F1G1) or two
(H5N4F1G2) Neu5Ge residues were present. Two structures
bearing a1,3-galactose were also present, with one of them
being Neu5SGc-monosialylated (HON4F1 and HON4F1G1).
The a1,3-galactosylation was previously reported in mouse
tissues [19], and our analysis showed that its presence in the
mouse milk IgG-Fc glycome was represented by two N-gly-
can structures (H6N4F1 and HON4F1G1). Although present
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on all mouse IgG subclasses, a single biantennary structure
of low abundance bearing the bisecting GlcNAc (H3N5F1)
was quantified reliably only on IgG1. Afucosylated high-
mannose glycoforms were not detected due to their generally
very low occurrence on mouse IgG-Fc [19].

Method validation

As the milk production rate is dependent on the mouse litter
size, the protocol for mouse milk IgG-Fc N-glycosylation
analysis must perform successfully with a limited sample
quantity. Hence, we first validated the minimal required
milk volume. Tryptic N-glycopeptides prepared from IgG
enriched from four different volumes of pooled mouse milk
(25, 50, 100, and 200 pL) were analyzed in triplicate, and the
results were assessed based on summed absolute intensities
of doubly and triply charged ions for each glycoform, S/N
ratio, and IPQ. The most abundant glycoforms for all three
IgG subclasses (H3N4F1, H4N4F1, and HSN4F1) yielded
the highest absolute signal intensities (Fig. S3) and showed
the highest S/N ratios and lowest IPQ scores for all start-
ing volumes of milk tested (Fig. 3d). The percentage of all
quantified analytes with mean IPQ <0.1 and S/N > 27 was
the highest when IgG enrichment was performed from 100
and 200 pL of milk. All low abundant IgG glycoforms such
as bisected and a1,3-galactosylated structures (e.g., HON4F1
and H3N5F1) were characterized by low S/N and high IPQ
values due to the ionization suppression from coeluting ana-
lytes (Figs. S4 and S5).

For the longitudinal and follow-up cohort studies, the
stability of the analytical system and the repeatability and
reproducibility of the protocols performed is of primary
importance. Hence, we validated the established glycoprot-
eomic protocol for intra- and inter-day precision for the min-
imal (30 pL) and maximal (100 uL) volume of milk obtained
from the lactating mouse mothers. The relative abundances
of all quantified glycoforms showed excellent stability when
the analysis was performed on 2 consecutive days (Fig. 3e,
Fig. S6). For both intra- and inter-day precision, the percent-
age of analytes with CVs <5% was 50% (for 30 ul milk) and
75% (for 100 pL of milk) (Fig. 3f, Fig. S7). In short, the
minimal volume of mouse milk for successful IgG-Fc gly-
coprofiling can be as low as 25 pL. However, larger volumes
are preferred, if available, to obtain good S/N ratios and IPQ
of lower-abundance N-glycopeptides.

Treatment of pregnant mice with vancomycin
affects offspring serum IgG-Fc glycosylation

The successfully developed nano-LC-MS method for
mouse breast milk IgG-Fc N-glycosylation analysis was
next tested in an experimental setting using a model
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of maternal vancomycin treatment during pregnancy
that results in increased asthma susceptibility in the
offspring [13]. We analyzed IgG-Fc glycosylation
in breast milk collected from PN15 mother mice, as
well as maternal and offspring serum at the same time
point. Though we did not observe any differences in
the maternal breast milk or serum between control and
treated animals, significant differences were seen in
the serum of offspring from vancomycin treated ver-
sus control mothers. Prenatal vancomycin-exposed off-
spring serum had a lower percentage of IgG1 monoga-
lactosylation (H4N4F1) and a lower percentage of the
IgG3 agalactosylated form (H3N4F1) compared to pre-
natal control offspring (Fig. 4a, b). Conversely, serum
IgG3 of prenatal vancomycin-exposed offspring had
significantly higher percentages of digalactosylation
(H5N4F1) and monosialylation (H5N4F1G1), as shown
in Fig. 4c and d.
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Fig.4 Effect of maternal vancomycin administration during preg-
nancy on relative abundances of IgG-Fc N-glycoforms in three dif-
ferent samples: maternal milk, maternal serum, and offspring serum.
Only significantly altered relative abundances are shown. a Relative
abundances of the H4N4F1 (G1) glycoform in the IgG1 subclass.
b Relative abundances of the H3N4F1 (GO) glycoform in the I1gG3
subclass. ¢ Relative abundances of the HSN4F1 (G2) glycoform in

Our analysis indicates that the IgG-Fc glycosylation pro-
file in the serum of prenatal vancomycin-exposed offspring
is shifted towards an anti-inflammatory phenotype at PN15.
Though we cannot yet answer why this is the case, several
possibilities may have contributed to this phenomenon. Our
previous study of this mouse model showed that maternal
antibiotic treatment during pregnancy was associated with
gut microbial dysbiosis in both mothers and their offspring
[13]. While it is tempting to hypothesize that microbial dys-
biosis may be involved in the observed changes in offspring
serum IgG glycosylation, this can be ruled out as a primary
factor since the serum and breast milk of antibiotic-treated
mothers (who also had a dysbiotic gut microbiome) were not
affected. At PN15, offspring IgG is mainly obtained from the
mother through the breast milk [6], and since breast milk
IgG glycosylation was not altered in our study, we hypoth-
esize that the observed differences in offspring serum may
be related to the altered transfer of IgG across the offspring
intestinal epithelium. Alteration of IgG transfer across the

MgGs *
e
R o o D Maternal control
o ] Maternal
. o - vancomycin
o
o - GIcNAc
° o A - fucose
° ° © @ - mannose
O - galactose
o - Neu5Ge
Maternal ~ Maternal  Offspring
milk serum serum
<>|g:}¢ll|ge3
o

Maternal
milk serum

Maternal ~ Offspring

serum

the IgG3 subclass. d Relative abundances of the HSN4F1G1 (S1)
glycoform in the IgG3 subclass. Data information: results represent
two independently performed experiments. Means + SEM are shown.
Maternal control (n=9), maternal vancomycin treated (n=6), oft-
spring of maternal control (n=13), and offspring of maternal vanco-
mycin treated (n=9). Significance is represented by *P <0.05, either
t test or Mann—Whitney U test compared against the control
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neonatal intestinal epithelium could be a secondary effect
of gut microbial dysbiosis in early life. These data call for
future studies assessing microbial dysbiosis and IgG trans-
port in the neonatal intestine.

Conclusions

With our validated glycoproteomic workflow, we were able
to identify and relatively quantify the most abundant N-gly-
coforms of IgG1F, IgG2, and IgG3 subclasses enriched from
small volumes of mouse breast milk. Further, we used this
method to analyze milk and serum IgG-Fc N-glycosylation
in a cohort of mouse mothers and offspring with prenatal
exposure to vancomycin. The changes in offspring serum
IgG1 and IgG3 glycosylation indicate the possible link
between antibiotic-induced gut dysbiosis and IgG-Fc gly-
coprofile in early life.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00216-023-04635-5.
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