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Abstract 13 

Uterine secretions provide a suitable environment for sperm-selective migration during a couple 14 

of days preceding ovulation and for early embryo development before implantation. Our goal 15 

was to identify and quantify proteins in the bovine uterine fluid during the periovulatory period 16 

of the estrous cycle. Genital tracts with normal morphology were collected from adult cyclic 17 

Bos taurus females in a local slaughterhouse and classified into preovulatory or postovulatory 18 

stages of cycle (around days 19-21 and 0-5 of cycle, respectively; n=8 cows per stage) based 19 

on ovarian morphology. Proteins from uterine fluid collected from the utero-tubal junction to 20 

the base of each horn (four pools of two cows per condition) were analyzed by nanoLiquid 21 

Chromatography coupled with tandem Mass Spectrometry (nanoLC-MS/MS). A total of 1,214 22 

proteins were identified, of which 91% were shared between all conditions. Overall, 57% of 23 

proteins were predicted to be secreted and 17% were previously reported in uterine extracellular 24 

vesicles. Paired comparisons between uterine horns ipsilateral and contralateral to ovulation 25 

evidenced 12 differentially abundant proteins, including five at pre-ovulatory stage. 26 

Furthermore, 35 proteins differed in abundance between pre- and post-ovulatory stages, 27 

including 21 in the ipsilateral side of ovulation. Functional analysis of identified proteins 28 

demonstrated roles in binding, metabolism, cellular detoxification and the immune response. 29 

This study provides a valuable database of uterine proteins for functional studies on sperm 30 

physiology and early embryo development. 31 
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Abbreviations 33 

Contra Contralateral horn  

DAPs Differentially abundant proteins 

EVs Extracellular vesicles 

GO Gene ontology 

Ipsi Ipsilateral horn 

NanoLC-MS/MS nanoLiquid Chromatography coupled with tandem Mass 

Spectrometry 

NWS Normalized weighted spectra 

UF Uterine fluid 

  34 



1 Introduction 35 

After insemination or mating in cattle, spermatozoa interact with uterine secretions and these 36 

interactions typically occur during estrus in the pre-ovulatory period of the estrous cycle. After 37 

ovulation and fertilization, the developing embryo starts to develop in the oviduct and enters 38 

the uterine horn ipsilateral to ovulation around the morula stage, at 4 to 5 days after ovulation 39 

[1]. Thus, in a short period of time ranging from 2 days before to 5 days after ovulation, 40 

spermatozoa and embryo are in direct contact with the uterine fluid (UF). The UF is a complex 41 

mixture of lipids [2], metabolites [3], amino acids [4] and proteins [5-7]. In vitro studies in 42 

mammals evidenced various effects of the UF on mammalian sperm and early embryos [8-11]. 43 

In cattle, incubation of spermatozoa with UF from the follicular and luteal phases resulted in 44 

higher sperm viability and motility compared to controls without fluid [8]. Uterine flushes 45 

promoted sperm capacitation in vitro in humans [9] but decreased sperm viability, motility and 46 

acrosome integrity in pigs [10]. The addition of low concentrations of oviductal fluid and UF 47 

in culture media supported the development of in vitro produced bovine embryos [11]. There 48 

is evidence that proteins secreted in the female genital tract interact with spermatozoa and 49 

embryo. For instance in humans, cystatin 3 secreted in UF has been shown to interact with 50 

spermatozoa and to promote their motility without inducing premature capacitation [12]. After 51 

in vitro incubation with oviduct fluid, the early bovine embryo was shown to internalize dozens 52 

of proteins crossing the zona pellucida as early as the 4- to 6-cell stage [13]. 53 

Spatiotemporal changes in the UF composition are expected to address the sequential 54 

requirements for sperm motility and selective migration, elimination of sperm in excess, and 55 

blastocyst differentiation during the periovulatory period. We previously demonstrated the 56 

dynamic changes in the oviduct fluid proteome occurring between the pre- and post-ovulatory 57 

stages of cycle in cattle [14]. Other studies in mares [5,15] and ewes [16] observed alterations 58 

of the UF proteome between the follicular and luteal phases of cycle. Moreover, the proximity 59 

of the ovulatory ovary may impact the proteome of the UF. In heifers, differences in the 60 

endometrial transcriptome between uterine horns ipsilateral and contralateral to the corpus 61 

luteum were evidenced on days 5 to 16 of cycle [17]. Although there are some proteomic reports 62 

on the UF during the luteal phase of cycle [18] and at the time of implantation [19,20] in cattle, 63 

there is currently no data in the periovulatory period. Therefore, the objective of this study was 64 

to quantitatively analyze the UF proteome in both uterine horns at pre- and post-ovulatory 65 

stages of the cycle. 66 



2 Materials and methods 67 

2.1 Collection of bovine uterine fluids and sample preparation 68 

Genital tracts including the cervix, uterine horns, oviducts and ovaries from adult cyclic Bos 69 

taurus females were collected at a local slaughterhouse (Vendôme, France), immediately placed 70 

on ice and transported to the laboratory within two hours after animal death. Only 71 

macroscopically normal tracts with no sign of cyst, inflammation or infection were used in this 72 

study. Tracts were classified as pre-ovulatory or post-ovulatory based on ovarian morphology. 73 

Pre-ovulatory tracts contained one pre-ovulatory follicle between 11 and 20 mm in diameter 74 

and one corpus albicans from the previous cycle (Pre-ov; approximately days 19 to 21 of cycle). 75 

Post-ovulatory tracts displayed one corpus hemorrhagicum  less than 0.5 cm in diameter (Post-76 

ov; approximately days 1 to 5 of cycle). Uterine horns ipsilateral and contralateral to the side 77 

of ovulation (pre-ovulatory follicle or early corpus luteum) were cut at their base (just before 78 

the uterine body) and flushed from the utero-tubal junction with 2 mL of cold filtered phosphate 79 

buffered saline. Each uterine horn was then opened longitudinally and examined for sign of 80 

inflammation. The uterus presenting anatomical anomaly, bleeding or signs of inflammation 81 

were excluded. Cells and cellular debris were discarded from the flushing by two successive 82 

centrifugations (2000 × g for 10 min then 12000 × g for 10 min at 4°C) and UF were stored at 83 

-80°C in 2 mL polypropylene tubes. In order to reach enough protein content, pools of two 84 

cows per side × stage condition were constituted. All UF samples were thawed on ice and pools 85 

of UF were made by mixing 400 µL of each sample. In the following, the term “sample” refers 86 

to a pool of two UF. In total, four biological replicates per condition were constituted, resulting 87 

in a total of 16 UF samples. The UF samples were concentrated 2 to 4 times by centrifugation 88 

for 1 h at 12000 × g at 4°C in Vivaspin units (Sartorius, Stonehouse, United Kingdom) with a 89 

molecular weight cut-off of 3-kDa. Final protein concentrations of UFs ranged between 0.7 and 90 

2.5 mg/mL (Uptima BC Assay kit, Interchim, Montluçon, France). To assess sample quality, 5 91 

µg of proteins per UF were migrated on 4-20% SDS-PAGE precast gels for 10 min at 80 V and 92 

30 min at 180 V (Bio-Rad, California, United States) followed by Coomassie Blue staining 93 

(ThermoFisher, Massachusetts, United States) (see Fig. S1). Then, 50 µg of proteins per UF 94 

sample were dried in 1.5 mL polypropylene tubes using a SpeedVac system (SPD 1010-230, 95 

ThermoSavant Electronic, France) and stored at -80°C before proteomic analysis.  96 

2.2. Nanoliquid chromatography coupled with tandem mass spectrometry (nanoLC-MS/MS)  97 



For proteomic analysis, 50 µg of protein were resuspended in 50 mM ammonium bicarbonate. 98 

Reduction and alkylation were performed by successive incubation at final concentration of 5 99 

mM dithiothréitol in 50 mM ammonium bicarbonate (30 min at 56°C) then at a final 100 

concentration of 12.5 mM iodoacetamide in 50 mM ammonium bicarbonate (30 min at room 101 

temperature in the dark). Samples were then Trypsin/Lys-C (Promega, USA) digested with 102 

0.01%  ProteaseMAX (V2072, Promega, USA) overnight at 37°C with a ratio enzyme:substrate 103 

of 1:40. The tryptic peptide solutions were dried by vacuum centrifuge and reconstituted in 20 104 

μL water/1% formic acid (v/v). All digested peptide mixtures were separated by on-line 105 

nanoLC and analyzed by nano-electrospray tandem mass spectrometry. The experiments were 106 

performed on an Ultimate 3000 RSLC system coupled with an Orbitrap Fusion mass 107 

spectrometer (ThermoFisher Scientific San Jose, CA, USA). The peptide mixtures 108 

were injected onto a nanotrap column (Acclaim C18, 100 μm i.d. x 2 cm length) with a flow of 109 

5 μL.min-1 and subsequently gradient eluted with a flow of 300 nL.min-1 in an Easy-110 

Spray column (Acclaim PepMap RSLC C18, 2 μm, 100 A, 75 μm x 50 cm) from 4 to 111 

40% acetonitrile/0.1% formic acid (v/v) for 140 minutes. Full MS scans were acquired at high 112 

resolution (FWMH 120,000) in the Orbitrap analyzer (mass-to-charge ratio (m/z): 400 to 2000), 113 

while collision-induced dissociation (CID) spectra were recorded. The mass spectrometer was 114 

operated in positive mode in a data-dependent mode to automatically switch between orbitrap-115 

MS and linear trap MS/MS (MS2) acquisition for 3 seconds between master scans. 116 

2.3. Protein identification and validation 117 

Protein identification was performed using the Mascot search engine (version 2.7; Matrix 118 

Science, London, UK) via the Proteome Discoverer software (version 2.5, Thermo Fisher 119 

Scientific) against the Uniprot Bos taurus database (January 2022; 23,844 sequences). 120 

Precursor mass range of 350 –5000 Da and signal-to-noise ratio of 1.5 were the criteria used 121 

for generation of peak lists. The parameters used for database searches included trypsin as 122 

enzyme, N-terminal acetylation on protein, carbamidomethylcysteine and methionine oxidation 123 

as dynamic modifications. Ion tolerance was set at 10 ppm for parent and 0.8 Da for fragment 124 

ion matches. Proteins with at least two unique peptides (False Discovery Rate (FDR) < 0.01 %) 125 

were considered. Threshold probability for peptide and protein identification were set to 95.0 126 

% as specified by the Peptide Prophet algorithm [21] and the Protein Prophet algorithm [22].  127 

 128 

2.4. Prediction of secretory pathways of identified proteins 129 



Venn diagrams were built using the accession number on the jvenn tool online 130 

(http://jvenn.toulouse.inra.fr/app/example.html) [23]. Prediction of secretory pathways 131 

(presence of a signal peptide or unconventional secretion) was carried out using the Outcyte 132 

online tool (version 1.0 ; http://www.outcyte.com/) [24] and FASTA sequences as input. To 133 

confirm the presence of a signal peptide, FASTA sequences were also submitted to the SignalP 134 

online tool in Eukarya (version 6.0; http://www.cbs.dtu.dk/services/SignalP/) [25]. The gene 135 

list corresponding to identified proteins was compared to those previously reported in bovine 136 

UF-derived extracellular vesicles (EVs) [26]. 137 

2.5. Protein quantification 138 

Proteins were quantified by a label-free approach using the spectral counting quantitative 139 

method of the Scaffold Q+ software (version 5.0.1, Proteome Software, Portland,USA, 140 

www.proteomesoftware.com). Protein abundance was then assessed in normalized weighted 141 

spectra (NWS) after normalization, as previously described [14]. Briefly, the “weighted” option 142 

is based on the assignment of each peptide to a weight according to whether they are shared or 143 

not. The normalization of spectra among the samples was realized by adjusting the sum of the 144 

selected quantitative values for all proteins within each sample to a common value, which was 145 

the average of the sums of all samples present in the experiment. This was achieved by applying 146 

a scaling factor for each sample to each protein or protein group.  147 

2.6. Statistical analysis of data 148 

Statistical analysis on proteins quantified with a minimum of 2.0 NWS (mean value of 149 

biological replicates) in at least one condition was performed using the Rstudio software 150 

(version 1.4.1106). Principal component analysis of all biological replicates was performed 151 

using the FactoMineR package. Protein abundance between sides in a given stage and between 152 

stages in a given side were compared by Student t-tests. Proteins with a t-test p-value ≤ 0.05 153 

and a fold change ratio ≥ 1.5 were considered as differentially abundant proteins (DAPs). 154 

2.7. Functional analysis of proteins 155 

The gene symbols corresponding to all identified proteins were used for gene ontology (GO) 156 

membership analysis. The GO analysis was performed for molecular functions and biological 157 

processes containing “reproduction”, “sperm”, “embryo”, “blastocyst” or “uterus” using the 158 

online Metascape tool and the Homo sapiens database [27]. Furthermore, the gene symbols of 159 



DAPs between stages in the ipsilateral horn were used to build Proteomaps online based on the 160 

Kyoto Encyclopedia of Genes and Genomes (KEGG) Pathways and using the post-161 

ovulatory:pre-ovulatory fold-change ratios as quantitative data (http://bionic-vis.biologie.uni-162 

greifswald.de/) [28]. In the Proteomaps, functionally related proteins are arranged in polygon 163 

aeras representing the mean abundance at the pre-ovulatory stage of cycle. 164 

 165 

3. Results 166 

3.1. Proteins identified in the uterine fluid and secretory pathways  167 

A total of 1,214 proteins were identified in the bovine UF, of which 91% (1,010/1,214) were 168 

shared between all conditions (Fig. 1; see the complete list of proteins in Table S1). Proteins 169 

identified in only one condition displayed very low quantitative value (< 1 NWS). Among the 170 

identified proteins, 20% (243/1,214) were predicted to contain a signal peptide and to be 171 

classically secreted, while 28% (338/1,214) were predicted to be secreted via unconventional 172 

pathways (Fig. 2 and Table S1). In addition, 17% of identified proteins (204/1,214) were 173 

previously reported in bovine UF-derived EVs [26]. Overall, 57% (686/1,214) of the identified 174 

proteins were predicted to be secreted.  175 

3.2. Differentially abundant proteins between horns and stages  176 

A total of 324 proteins were retained for quantitative analysis (NWS >2; Table S1). The most 177 

abundant proteins included albumin (ALB), complement proteins (C3, CFB), myosin 9 178 

(MYH9), mucin 5B, heat shock protein 90AA1 (HSP90AA1), enolase 1 (ENO1) and annexins 179 

A1 and A2 (ANXA1, 2; see the top-15 most abundant proteins in Fig. 3). Principal component 180 

analysis (Fig. 4) of quantified proteins did not show any clear discrimination between samples, 181 

although mean values of samples at pre- and post-ovulatory clustered together on the two first 182 

principal dimensions (colored squares in Fig. 4). Paired comparisons between ipsilateral and 183 

contralateral horns evidenced 12 DAPs, i.e. 4% of quantified proteins, with fold-change ratios 184 

between 1.5 and 12.1 (Fig. 5; see quantitative values and fold-change ratios in Table S2). 185 

Furthermore, 35 proteins, i.e. 11% of quantified proteins, differed in abundance between pre- 186 

and post-ovulatory stages with fold-change ratios between 1.5 and 6.9. Of those DAPs, 21 were 187 

identified in the ipsilateral side of ovulation (Fig. 6A and 6B; Table S2). 188 



3.3. Functional analysis of identified and differentially abundant proteins 189 

The Metascape GO analysis of all identified proteins showed a significant enrichment in 190 

molecular functions related to binding (cadherin binding, actin binding, unfolded protein 191 

binding and protein domain specific binding) and enzymatic activities (enzyme inhibitor 192 

activity, pyrophosphatase activity, ligase activity, peptidase activity; Fig. 7A and Table S3). 193 

Among the biological processes, UF proteins were overrepresented in several metabolic 194 

processes such as peptide metabolic process, nucleobase-containing small molecule metabolic 195 

process and carbohydrate metabolic process, among others, as well as in cellular detoxification, 196 

regulation of cell morphogenesis, protein catabolic process and response to wounding (Fig. 7B). 197 

Finally, the most enriched cellular components included secretory granules lumen, vacuolar 198 

lumen, focal adhesions and the proteasome complex (Fig. 7C).  199 

A total of 157 proteins were associated with GO terms containing “sexual reproduction”, 200 

“sperm”, “embryo”, “blastocyst” or “uterus” (see the lists of GO terms and proteins in Table 201 

S4). The DAPs associated with those terms are highlighted in Fig. 6-7. Finally, the Proteomaps 202 

in Fig. 8 shows that the DAPs between pre- and post-ovulatory stages in the horn ipsilateral to 203 

ovulation were involved in various KEGG pathways, including metabolism (SAO, LDHB, 204 

SLC9A3R1) and vesicular transport through exosomes (KRT18, CAND1). 205 

 206 

4. Discussion 207 

Using high-resolution mass spectrometry, this work provides a first analysis of proteins present 208 

in the bovine UF in the periovulatory period, i.e. at the time of sperm migration toward the site 209 

of fertilization and early embryo development. Overall, 91% of proteins were shared between 210 

all conditions, indicating very few specific proteins according to the proximity of the ovulatory 211 

ovary (preovulatory follicle or early corpus luteum), at least during the periovulatory period. 212 

Furthermore, most proteins detected in only one condition displayed very low quantitative 213 

values, suggesting that they were probably present but not detected due to a lack of sensitivity. 214 

Overall, 324 proteins could be quantified, which represented 21% of identified proteins. 215 

Previous proteomic analyses of the bovine UF evidenced 1,737 proteins, of which almost all 216 

could be quantified [6], while in another study, 699 proteins were identified but only 235 (34%) 217 



could be quantified [29]. Different quantitative approaches and sensitivity of the mass 218 

spectrometer may partly explain these discrepancies between studies.  219 

The UF were analyzed without albumin elimination to avoid loss of proteins bound to albumin 220 

and because albumin has reported roles in sperm physiology [30-32] and participates in the 221 

bioavailability of steroid hormone in the uterus [33]. However, albumin was by far the most 222 

abundant protein, quantified three times more than all other proteins; its signal probably 223 

hindered those of other proteins. Albumin was also found in high abundance in other proteomic 224 

studies in bovine [20] and ovine [16] UF. Albumin was identified as one of the main acceptors 225 

of cholesterol during bull sperm capacitation [30] and is commonly used in in vitro fertilization 226 

media [31]. In humans, albumin promotes H+ efflux, one of the steps of capacitation, by 227 

interacting with its channels on sperm [32]. 228 

Overall, only 4% of proteins differed in abundance between both uterine horns. This result is 229 

in accordance with a previous proteomic study in which the proximity of the corpus luteum had 230 

no effect on uterine protein abundance on either day 7 or 15 of cycle in cows [18]. Accordingly, 231 

no difference between the ipsilateral and contralateral horns were found for metabolites [34] 232 

and amino acids [4] in the bovine UF. However, a transcriptomic study discovered 217 233 

differentially expressed genes between ipsilateral and contralateral horns at day 5 post-estrus in 234 

synchronized heifers [17]. Taken together, these data suggest that synthesized proteins may 235 

differ in abundance inside luminal epithelial cells but not in the secretions. In cyclic cows, the 236 

contractile activity and tonicity of the uterus reaches a maximum during estrus [35], and this 237 

probably contributes to the intensive mix of proteins in the two uterine horns during this period. 238 

In the present study, the stage of the cycle had three times more effect than the side on protein 239 

abundance (11% of DAPs). In another proteomic study in cattle, 24% (40/167) of proteins 240 

differed in abundance between day 7 (early luteal phase) and day 15 (late luteal phase) of cycle 241 

[18]. In ewes, 39% of proteins were differentially abundant between estrus and the luteal phases 242 

of cycle [16]. Here, we compared stages very close in time, ranging from around 3 days before 243 

to 4-5 days after ovulation, which may explain the relatively low impact of the ovulatory stage 244 

on protein abundance. 245 

Proteins identified in the periovulatory UF were enriched in GO terms related to the regulation 246 

of cell morphogenesis and protein catabolic process, including cathepsins (CTSB, D, F) and 247 

cysteine-rich proteins like CRIP2. This is in agreement with the fact that the endometrium is 248 

vastly remodeled during the periovulatory period and displays high rates of cell proliferation 249 



and apoptosis compared to the mid and late luteal phases [36]. CRIP2 has been identified as 250 

one secreted protein playing a role in endometrial remodeling in pigs [37]. In pigs and sheep, 251 

several cathepsins have also been reported to take part in endometrial renewal [38,39]. The 252 

identified proteins were also involved in a large panel of metabolic processes, including 253 

carbohydrate and cellular amino acid metabolism. In cattle during the early luteal phase (day 4 254 

to 7 of cycle), the metabolism of amino acids is related to epithelial cell proliferation and the 255 

periovulatory remodeling of the endometrium [40]. Moreover, carbohydrates like glucose 256 

constitute a major source of energy for sperm motility and capacitation [41,42], as well as 257 

embryo development [43]. Of interest, DAPs between stages in the ipsilateral UF were also 258 

enriched in KEGG pathways related to metabolism, including the Na(+)/H(+) exchange 259 

regulatory cofactor NHE-RF1 (SLC9A3R1), which was more abundant at pre- than at post-260 

ovulatory stages. The abundance of SLC9A3R1 in sperm has been related to male fertility in 261 

pigs [44]. In mice, SLC9A3R1 was shown to interact with sperm ion channels and was proposed 262 

as an intermediator needed for chloride influx, one of the mechanisms of capacitation [45].  263 

Cellular detoxification was another enriched biological process and included various 264 

peroxiredoxins (PRDX 1, 2 and 6) and thioredoxins (TXN, TXNRD1, TXNDC17), all involved 265 

in the regulation of reactive oxygen species. PRDX1 and 2 were quantified at relatively high 266 

abundance (5-6 NWS on average) in all samples. The presence of those proteins in the UF 267 

suggests a role in maintaining the redox balance and controlling excessive production of 268 

reactive oxygen species in the UF. Sperm motility and embryo development depend on low 269 

levels of reactive oxygen species [46]. Peroxiredoxins 1 and 6 have been shown to protect sperm 270 

from lipid peroxidation [47] and promote sperm motility [48] in humans. Moreover, 271 

supplementation of recombinant TXN in the bovine embryo culture medium increased 272 

blastocyst rates compared to controls [49].  273 

In addition to protection against cell oxidative stress, proteins like serpins (SERPINA10, B1, 274 

C1, D1), peroxidases (GPX, PXDN, MPO) and DAPs more abundant at Post-ov than at Pre-ov 275 

(LGALS1, RUVBL1) have reported roles in mediating the immune response [50–53]. This is 276 

in accordance with previous proteomic studies on the bovine UF, in which various proteins 277 

involved in the immune system were also identified [18,20,54]. It is well-known that a 278 

physiological immune response takes place in the uterine lumen following the first contact with 279 

sperm [55]. Neutrophils eliminate sperm through direct cell-cell interactions and neutrophil 280 

extracellular traps (NETs), which hinder sperm motility [56]. Proteins in the periovulatory UF 281 



are expected to modulate sperm elimination. SERPINB1, identified in all samples but at low 282 

abundance (< 2 NWS), has been shown to restrict the formation of NETs by inhibiting the 283 

activity of neutrophil elastase in vitro [50,51]. Furthermore, the incubation of bull sperm with 284 

myeloperoxidase (MPO), a NET-derived protein identified below the quantitative threshold in 285 

all samples, impairs the sperm membrane, acrosome integrity and lipid peroxidation [52]. 286 

Finally, recombinant galectin-1 (LGALS1) has been shown to induce the expression of anti-287 

inflammatory interleukin-10 and the regulatory T lymphocyte marker FOXP3 in bovine 288 

endometrium [53]. 289 

Regarding the cellular components of the identified UF proteins, the focal adhesion and 290 

proteasome complex, including numerous proteins of the 26S proteasome, were 291 

overrepresented. In accordance, in mares, uterine cytobrush sampling during estrus revealed 292 

that overexpressed genes in fertile compared to subfertile mares were involved in focal 293 

adhesions [57]. Furthermore, inhibition of proteins of the 26S proteasome reduced boar sperm 294 

tyrosine phosphorylation and Zn2+ efflux compared to controls [58], suggesting a role for 295 

proteasome proteins secreted in the UF in sperm capacitation.  296 

Most proteins identified in the bovine UF were enriched in binding functions, also in 297 

accordance with previous proteomic studies in cattle [20] and pigs [59]. Of interest, some of 298 

the most abundant proteins in the periovulatory UF, like annexins A1, A2 and myosin-9, were 299 

previously reported to interact with sperm [60] and embryos [13] after incubation with bovine 300 

oviduct fluid in vitro. Although embryos interact first with the oviduct fluid, sperm interact first 301 

with the UF, then the oviduct fluid. Further studies are needed to know with which proteins 302 

sperm interact first during their uterine migration and whether those interactions compete with 303 

further interactions in the oviduct.  304 

Proteins in the UF may be secreted via the classical reticulum endoplasmic-Golgi pathway or 305 

in EVs [61,62], and one possible mechanism of UF protein interaction with sperm and embryos 306 

is EV-mediated. In our study, 17% of proteins were reported in bovine UF-derived EVs and 307 

some DAPs more abundant at the pre-ovulatory stage (KRT18), or in the opposite, at the post-308 

ovulatory stage (CAND1), were enriched in vesicular transport through exosomes. Interaction 309 

of spermatozoa with uterine EVs has been reported as one mechanism allowing for the delivery 310 

of SPAM1, a hyaluronidase important for the crossing of cumulus cells in mice [63]. Uterine 311 

EVs were shown to interact with human sperm head and tail after only 15 min of co-incubation 312 

and to promote tyrosine phosphorylation [64], one sign of sperm capacitation. The uptake of 313 



uterine EVs was also reported in the ovine embryo [65], suggesting important roles for further 314 

development. 315 

Although providing valuable data on the uterine proteome, this study presents some limitations. 316 

Uterine fluids were collected from slaughterhouse tracts. Although tracts were transported on 317 

ice with less than two hours between animal death and collection, we cannot rule out limited 318 

changes in the protein content due to post-mortem modifications. Furthermore, in order to 319 

obtain enough protein content per sample and decrease inter-individual variability, pools of two 320 

uterine flushes at the same stage of the cycle were analyzed; this precludes any evaluation of 321 

inter-individual or inter-breed variability on the UF proteome.  322 

In conclusion, the data reported here expand our knowledge on the environment encountered 323 

by spermatozoa after insemination and the early embryo a few days after fertilization. In 324 

contrast with our previous data on the oviduct fluid proteome [14,66], no major effect of the 325 

proximity of the ovulatory ovary on protein abundance was evidenced. Further work is now 326 

needed to understand the potential role of the DAPs between stages on the adaptative response 327 

of the uterus to allow sperm migration then early embryo development in a short time window.  328 

 329 
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 560 

Figure legends 561 

Fig 1. Distribution of proteins identified in the bovine uterine fluid. Numbers of proteins 562 

identified in each uterine horn (ipsilateral vs. contralateral to ovulation) at each stage (pre-563 

ovulatory vs. post-ovulatory) are indicated in the histogram. 564 

Fig. 2. Distribution of proteins in the bovine uterine fluid according to their secretory 565 

pathways. Classical and unconventional secretion pathways were predicted using the Outcyte 566 

and SignalP online tools. Proteins previously reported in bovine UF-derived extracellular 567 

vesicles [26] are also indicated.  568 

Fig. 3. Top-15 most abundant proteins quantified in the bovine uterine fluid. Data are 569 

expressed as means ± SEM of biological replicates.  570 



Fig. 4. Principal component analysis of quantified proteins in all samples. Each spot 571 

represents one biological replicate and the colored squares represent the means of data in a 572 

given condition.  573 

Fig. 5. Differentially abundant proteins between ipsilateral and contralateral uterine 574 

horns at pre-ovulatory (A) and post-ovulatory (B) stages of cycle. Protein names in pink 575 

were associated with the gene ontology terms containing “reproduction” (RUVBL1, WFDC2), 576 

“sperm” (RUVBL1), or “embryo” (TUBB2B), as indicated in frames. See Table S4 for the 577 

complete list of GO terms with corresponding gene symbols. 578 

Fig. 6. Differentially abundant proteins between pre- and post-ovulatory stages of cycle in 579 

the uterine horns ipsilateral (A) and contralateral (B) to ovulation. Protein names in pink 580 

were associated with the gene ontology terms containing “reproduction” (FOLR1, HSPA5, 581 

PAFAH1B3, RUVBL1), “sperm” (FOLR1, PAFAH1B3, RUVBL1),  or “embryo” (FOLR1, 582 

MTHFD1, SLC9A3R1, TUBB2B), as indicated in frames. See Table S4 for the complete list 583 

of GO terms with corresponding gene symbols. 584 

Fig. 7. Functional enrichment analysis of proteins identified in the uterine fluid. The 585 

Metascape bar graphs represent the top 20 clusters of enriched gene ontology terms for 586 

molecular functions (A), biological processes (B), and cellular components (C). Each row 587 

represents one enriched cluster, and the darker color of the bars indicates higher significance 588 

(lower P-value). See Table S3 for the complete list of GO terms with corresponding gene 589 

symbols and p-values. 590 

Fig. 8. Proteomaps of differentially abundant proteins between pre- and post-ovulatory 591 

stages of cycle in the uterine horn ipsilateral to ovulation. Each panel was built by the 592 

Proteomaps online tool. Each protein is shown by a polygon (A) and functionally related 593 

proteins are arranged in common regions based on the KEGG Pathways gene classification (B, 594 

and C). Polygon areas represent the mean abundance at the pre-ovulatory stage of cycle. 595 
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