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Comparison of pregnant mare
serum gonadotropin products with
surprising differences in protein
content
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Equine chorionic gonadotropin (eCG) is a widely used hormone that synchronizes the female cycle

and induces estrus in livestock. eCG is a heterodimeric glycoprotein composed of non-covalently

linked a- and B-chains whose glycosylation profiles determine the in vivo activity of the hormone.

The commercially available eCG products are crudely purified from the serum of pregnant mares,
hence called pregnant mare serum gonadotropin (PMSG). Appropriate glycosylation of the protein is
crucial for the correct binding to the receptor, receptor activation, and its half-life. The exact protein
composition of the various commercial PMSG products and their specific glycosylation pattern have
not been characterized so far. Therefore, we used proteomic approaches to analyse and compare four
commercial PMSG products. Here we show that the examined PMSGs share a surprisingly low level

of commonalities (5.5%) in protein composition among the four tested products, with serum proteins
as the primary variable. Analysing the site-specific N-glycosylation, we confirmed the presence of
O-acetylation of sialic acids at the structure of the glycans of eCG, which we could not find in significant
amounts on human CG, suggesting that this modification is species-specific. It remains to be tested
whether the O-acetylation plays an important role in the function of PMSG. However, this modification
shall be considered while recombinant eCG are produced.

Keywords Equine chorionic gonadotropin (eCG), Lutropin/Luteinizing hormone (LH), O-acetylation,
Pregnant mare serum gonadotropin (PMSG), Sulfation

Equine chorionic gonadotropin (eCG) isa hormone frequently used in livestock production and rodent transgenic
units. Its applications encompass the synchronization and induction of ovulation of pigs, cattle, and goats and
the superovulation of mice. It is currently isolated from blood exclusively from live pregnant horses and is hence
also known as pregnant mare serum gonadotropin (PMSG; we use the term PMSG when referring to respective
commercial products derived from animals/ex vivo). Chorionic girdle cells, a cell lineage of the trophoblast,
begin with eCG production~30d during mare pregnancy. Later, the cells migrate into the endometrium to
form endometrial cups!, roughly around day 35 and produce up until ~120d of gestation. The hormone eCG
has minimal FSH activity in horses; instead, it shows primarily luteinizing hormone (LH) activity?, facilitating
hormonal support for early gestation?, possibly through induction of supportive ovulation*>. However, in other
mammals, it shows dual LH and follicle-stimulating hormone (FSH) activity, making it an important, frequently
used hormone.

As a member of the gonadotropin hormone family, eCG is a heterodimeric protein consisting of glycoprotein
hormones alpha (a) chain and lutropin/choriogonadotropin beta () subunits. It undergoes intricate glycosylation
modifications that are crucial for its biological function.

Gonadotropins are evolutionarily conserved regarding structure and glycosylation sites'. Yet, chorionic
gonadotropins from humans/primates and equids differ from other gonadotropins by expressing a 3-chain that
is approximately thirty amino acids longer (the carboxy-terminal peptide), carrying additional O-glycosylation
sites, that make it 11% more glycosylated than the respective hLHp. Another peculiarity of the equids is that eCG
and eLH use the same peptide for the B-chain. The main difference between eCG and eLH is in the glycosylation
itself, where the eCG shows sialic acid and the eLH shows to be sulfated. O-linked sulfated glycans in LH are
recognized in the liver and therefore lead to higher and faster clearance rates compared to eCG 5.
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Glycosylation constitutes up to 45% of the total molecular weight of eCG. In detail, it contains di- and
triantenna Asn-linked oligosaccharides terminating with Siaa2,3 or 6GalP1,4GlcNAc. In contrast, the amino
acid sequence-identical eLH presents with >72% of the Asn-linked oligosaccharides with 1 or 2 branches
terminating with the sequence S0,-4-GalNAcB,4GlcNAC’. Most likely, this difference is also responsible for the
reported long half-life and efficacy of eCG1®11.

Commercially available PMSG products are obtained from the serum of pregnant mares between days 40 and
120 of gestation'>!3. The hormone is purified and enriched by a simple two-step standard purification scheme.
The main contaminants are removed by precipitation using pH fractionation with metaphosphoric acid and
alcohol and gel-filtration via Sephadex. It appears as if these two purification steps can be followed by a suitable
form of chromatography'®. The assessed PMSG products were specifically selected as they represent standard
products in veterinary medicine and come from different parts of the world (telephone statements prior to
order).

There have been numerous discussions regarding PMSG isoforms and their potential impact on glycan
patterns. As early as 1941, Cole and Erway!'’speculated on the role of isoforms and de-sialylation. A study
conducted in 2008 explored whether significant differences in isoform composition exist among various
commercial eCG preparations. This research also compared these findings with the isoform composition
found in plasma samples. The study concluded that most immunoactivity (92%) in commercial preparations
was observed in the acidic fractions after liquid-phase isoelectric focusing. This finding contrasted sharply
with isoform profiles in pregnant mare plasma samples, which displayed a broader range across pH levels. The
conclusion was that the isolation process in commercial PMSG production tends to favor the acidic isoforms of
PMSG!®. Furthermore, Cole and Erway noted in their description from 1941 that the removal of roughly 80%
of the sialic acid from PMSG resulted in the removal of the hormone from the blood in 1 h. Since then, several
papers highlight the importance of the glycosylation (structure and position) for the stability of the protein”!”.

Because the process for the production of different PMSG products is not standardized, in this study, we aimed
to understand the differences among commercial products at the protein level, assessed by mass spectrometry
(MS)-based proteomics. Given that we analysed commercial PMSG products, we assume that the preparation
process would similarly affect all the samples tested.

In addition, while the glycosylation pattern of purified eCG, constituting up to 45% of its total molecular
weight, has been characterized in the past'®!?, a comparison of the N-glycans on PMSG from different vendors
has, so far, not been reported.

Results

Proteome of PMSG products from different sources

Commercially available PMSG products are known to be only crudely purified from the serum of pregnant
mares?®?!. Nevertheless, the exact protein composition of this frequently used drug has not been assessed
in a comparative study of different PMSG products from different vendors and producers. Also, whether
glycosylation differs between products has never been addressed before. Therefore, we first aimed to understand
the protein composition of four commercial PMSG products, sold by Apollo Scientific, Aviva Systems Biology
Corporation, MSD Animal Health, and Genway Biotech INC. (in the following referred to as PMSG A, B, C, and
D, respectively). A LC-MS/MS-based proteomic approach was applied to four PMSG products and we confirmed
the presence of a- and B-chains of luteinizing hormone/choriogonadotropin (called henceforth a and $-chain) in
all samples (Table 1). In addition to the actual pharmaceutically relevant substance, we observed, however, many
further serum proteins in the samples (Supplementary Table SI). Surprisingly, 94.5% of proteins were unique to
each product and only 5.5% (14 proteins) were common to all samples (Fig. 1). These common serum proteins
included e.g. alphal-microglobulin, maltase-glucoamylase, apolipoprotein, Serpin family (alpha-antitrypsin),
transcobalamin, and transthyretin. Three proteins were uncharacterized during the time of manuscript writing.
Together, the proteomic data demonstrated that the complexity of protein composition in each product and the
discrepancies between the products were astonishingly high.

lutropin/gonadotropin subunit beta glycoprotein hormones alpha chain
(B-chain) (a-chain)
sp|P08751|LSHB_Horse sp|P01220|GLHA_Horse
Company | Observed proteins! | Best Score (ranking) | Observed peptides | Score/ ranking | Observed peptides
A 103? 187.9 (95/103) 13 91.9 (93/103) 13
B 70% 556.7 (41/70) 13 103.5 (30/40)>* | 134
C 91 798.1 (6/91) 3 388.1(84/91) 2
D 159 732.6 (67/159) 3 4944 (118/159) | 3

Table 1. Summary of the proteomic results of equine lutropin/gonadotropin subunit f and glycoprotein
hormones a-chain in each sample. 'The number of observed proteins. The proteomic data were filtered based
on following criteria: 1% false discovery rate FDR and there were at least two unique peptides assigned to the
same protein. *In this case, only one peptide from a- and p-chains was observed. The proteomic data were
filtered based on following criteria: 1% false discovery rate FDR and one peptide assigned to either alpha

or B-chains. *Only one peptide was observed in this sample. “These peptides were only observed in GluC-
endopeptidase digested sample.
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A
PMSG B PMSG C
43
(16.7%)
PMSG A PMSG D
B
Accession humber Gene name Protein full name

tr|F6TVTO|F6TVTO_HORSE ABI3BP ABI family member 3 binding protein
tr| FBUZHO| F6UZHO_HORSE AMBP Alpha-1-microglobulin/bikunin precursor
tr| F6XM13|F6XM13_HORSE APOD Apolipoprotein D

sp|P01220|GLHA_HORSE CGA Glycoprotein hormones alpha chain

sp|P08751|LSHB_HORSE LHB Lutropin/choriogonadotropin subunit beta
tr| F6PUW3 | F6PUW3_HORSE MGAM Maltase-glucoamylase

tr|F6ZLR1|F6ZLR1_HORSE SERPINA3 Serpin family A member 3

tr|F7CYR1|F7CYR1_HORSE SERPINC1 Serpin family C member 1
tr|F7CZW9|F7CZW9_HORSE SERPING1 Serpin family G member 1

tr|F6T7K7 | F6T7K7_HORSE TCN1 Transcobalamin 1

tr|F6UL68 | F6UL68_HORSE TTR Transthyretin

tr| F7CSL8| F7CSL8_HORSE SPI2 Alpha-1-antitrypsin

tr| F6XBQ7 | F6XBQ7_HORSE CD55 CD55 molecule (Cromer blood group)
tr|H9GZU9|H9GZU9_HORSE Uncharacterized protein

Fig. 1. Comparison of the protein composition of commercially available PMSG products (A). A-D represent
the proteomes of commercial PMSG products from Apollo, Avivasysbio, MSD animal health and Genway.
The numbers in the Venn diagram indicate uniquely observed proteins from each sample; (B) List of common
proteins observed in all four products. A complete list of identified proteins is shown in supplementary Table
SL

Site-specific N-glycosylation analysis of PMSG and luteinizing hormone (LH) from horse

Two N-glycosylation sites on the a-chain and one on the B chain of eCG have been described in the past’.
To understand the glycosylation profile of different PMSG products, we first performed nanoUPLC-MS/MS
analysis for digested (glyco)peptides of PMSG D. We found complex bi- and triantenna N-glycan structures on
peptides of both a and B-chains. The results of tryptic peptides containing N80 from the alpha chain (Swissprot
accession#: P01220) are shown in Fig. 2. The precursor ions of three MS/MS spectra had 42 Da difference
(Fig. 2B to D), indicating the presence of acetylation on these glycopeptides. The acetylation could either occur
on the side chain of the peptide or the glycans. Apart from the commonly known oxonium ions, HexNAc*,
HexNAcHex*, NeuAc-H,0", NeuAc* and HexNAcHexNeuAc" at m/z 204.08, 366.12, 274.09, 292.10 and 657.23,
the presence of 334.11 and 699.24, corresponding to acetyl-NeuAc* and HexNAcHexNeuAc*, indicated that the
acetylation occurred on sialic acids (Fig. 2C and D). In addition, the Y1 fragment at m/z 1572.69 with HexNAc
was identical among all glycoforms, which was an additional confirmation of an acetyl group on the sialic acid,
not on the peptide backbone. The extracted ion chromatography (XIC) of each glycoform showed that the main
glycoform at N80 was sialylated biantenna N-glycan and was further modified with 1-2 acetyl groups as a minor
fraction (Fig. 2A). The same pattern was observed on N106 with core fucosylation (Supplementary Figure S1).
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Fig. 2. LC-MS/MS results show acetylated sialic acids as a modification of the a-chain of PMSG. (A) The
extracted ion chromatography (XIC) of glycopeptides, K.3'NITSESTC*C*VAK, with biantenna with two

sialic acids (top) with one O-acetyl group (middle) and two O-acetyl group (bottom). The m/z for each XIC
was shown in the figure with the mass tolerance of 10 ppm. NL indicated normalized intensity. The MS/MS
spectra of three glycoforms were shown in (B) to (D). The nomenclature of peptide fragment ions and glycan
fragmentation ions was described previously**-4>. The N marked in red and bold was N-glycosylation site. The
underlined C represented carbamidomethylated cysteines. (E) Positions and structures of carbohydrate chains
of the a-chain.

A summary of glycoforms on the a-chain is shown in Fig. 2E. For the -chain (Swissprot accession#: P08751),
we also observed biantenna N-glycans structures with sialic acid (Supplementary Figure S2). The O-acetylation
was also observed on the B-chain but only based on the mass matching (the quality of MS/MS spectra was below
our quality criteria). The commonly observed glycopeptides from the four PMSG products are summarized in
Table 2 (The observed glycopeptides in each product are listed in Supplementary Table SII a and SII b). In this
analysis, we did not find significant differences between the glycosylation profiles of both chains among all four
products (Table 2).
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Site ‘ Observed m/z? ‘ [M+H]* ‘ Sequences® Glycan structures

a-chain

N80 | 1192.1313* 3574.393 | KNITSESTC*C*VAK Core(HexNAcHex)2NeuAc2
1206.1413* 3616.423 Core(HexNAcHex)2NeuAc2 +acetyl
1220.144>* 3658.432 Core(HexNAcHex)2NeuAc2 + 2acetyl
1313.8443* 3939.532 Core(HexNAcHex)3NeuAc2
1327.850%* 3981.550 Core(HexNAcHex)3NeuAc2 +acetyl
1341.849%* 4023.547 Core(HexNAcHex)3NeuAc2 + 2acetyl
1410.8713* 4230.613 Core(HexNAcHex)3NeuAc3
1424.8723* 4272.616 Core(HexNAcHex)3NeuAc3 +acetyl
1438.874>* 4314.622 Core(HexNAcHex)3NeuAc3 + 2acetyl

N106 | 1122.930%* 4488.720 | KLENHTQCYC*STC*YHHK | CoreFuc(HexNAcHex)2NeuAc2
1133.435% 4530.740 CoreFuc(HexNAcHex)2NeuAc2 +acetyl
915.348%* 4572.741 CoreFuc(HexNAcHex)2NeuAc2 + 2acetyl
1214.211% 4853.844 CoreFuc(HexNAcHex)3NeuAc2
1224.718% 4895.872 CoreFuc(HexNAcHex)3NeuAc2 +acetyl
1286.9914 5144.964 CoreFuc(HexNAcHex)3NeuAc3

B-chain

N33 | 1126.812%* 3574.393 | RPINATLAAEK.E Core(HexNAcHex)2NeuAc2
1140.815%* 3420.446% Core(HexNAcHex)2NeuAc2 +acetyl
1154.8183* 3462.456% Core(HexNAcHex)2NeuAc2 + 2acetyl

Table 2. The summary of commonly observed glycopeptides from a- and B -chain from four PMSG
products’. 'The results were the summary of data from both trypsin and GluC endopeptidase digestion.
The identified glycopeptides in each sample were provided as supplementary Tables. *The corresponding
assignment was based on observed m/z from MS1 spectra although the quality of MS/MS spectra could not
confirm the assignment. >3C* represents carbamidomethylated cysteines.

Taken together, while the presence of O-acetylated sialic acid for the B-chain of PMSG/eCG has been
previously shown [16], we now confirm this observation and extend it by describing the presence of this
modification also for the a-chain. This O-acetylation is independent of the PMSG product.

Since the acetylation was observed on all PMSG products, we wanted to assess whether this could also be
found on luteinizing hormone (LH) of the horse, which has the identical peptide sequence to eCG. We hence
examined the glycosylation profile of luteinizing hormone (LH) from a commercial source (Sigma-Aldrich).
Unlike PMSG, the glycosylation of the a-chain from LH showed the unique LacdiNAc with sulfation, but not
acetylated sialic acid. The precursor ions of three MS/MS spectra had a 79.996 Da difference (Fig. 3B to D),
corresponding to a sulfate or phosphate group. In addition to the commonly known oxonium ions, the presence
of 407.16 and 569.22 corresponded to HexNAc2* and HexNAc2Hex". Although no diagnostic ion of sulfated
LacdiNAc was observed, sulfation has been reported in a previous study’. Therefore, the structures were assigned
as biantenna with LacdiNAc and sulfate(s). Based on the intensity of XIC, the main glycoforms of the a-chain were
the complex N-glycan with the LacdiNAc + 1-2 sulfate group(s) (Fig. 3A). In addition to LacdiNAc + sulfation,
the normal complex type N-glycans with sialylation were also observed (Table 3 and Supplementary Figure S3
and Table SIII). These results were consistent with previous studies’. Observed positions and structures of the
carbohydrate chains within the a-chain are shown in Fig. 3E .

Comparison of equine and human CG N-glycosylation profiles

As we had identified a type of O-acetylation on both a- and B-chain of equine PMSG, we wanted to examine
whether this O-acetylation might be a general characteristic of CGs. Therefore, we performed an identical MS
analysis for human chorionic gonadotropin (CG). Here, the spectral counts of two sets of diagnostic ions from
LC runs were used to demonstrate the expression of O-acetylated sialic acids in human CG and PMSG (Fig. 4A).
The MS/MS spectra, containing all four diagnostic ions 204, 274, 292 and 366, were considered N-glycopeptides
with all types of sialic acids. The MS/MS spectra containing all five diagnostic ions 204, 274, 292, 334, and 366,
were considered N-glycopeptides with purely O-acetylated sialic acid. In PMSG products A and D, the spectral
counts of acetyl-NeuAc/NeuAc oxonium ion were 8767/9406 and 4918/5761, respectively. This result indicated
that around 85-90% of sialylated N-glycans were acetylated. The same pattern was observed in the products
from company B and C (Supplementary Figure S5). However, in human CG, the fraction of acetylated N-glycans
was found to be lower than 0.03%. Hence, our data shows that O-acetylated NeuAc was ubiquitously present in
equine CG products from different vendors but not in human CG.

For site-specific analysis, the MS profile and the MS / MS spectrum showed that the site N31 from human
choriogonadotropin beta subunit (Swissprot accession#: Q6NT52) was glycosylated by complex structures,
including fucosylation and sialylation (Fig. 4B and C, Supplementary Table S IVa and Table S IVb). For the
a-chain (Swissprot accession#: P01215), glycopeptides were observed when the sample was digested by GluC
endopeptidase. As on the B-chain, the major N-glycan structures on the a-chain were bi-antennary N-glycans
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Fig. 3. LC-MS/MS analysis shows that the a-chain of luteinizing hormone is modified by sulfation. (A) The
extracted ion chromatography (XIC) of glycopeptides, K3'NITSESTC*C*VAK, with biantenna with LacdiNAc
(top) with one O-sulfate group (middle) and two O-sulfate groups (bottom). C*: indicated that cysteines were
carbamidomethylated. The m/z for each XIC was shown in the figure with the mass tolerance of 10 ppm. The
MS/MS spectra of three glycoforms were shown in (B) to (D). (E) Positions and structures of carbohydrate
chains of a-chain.

with core-fucosylation and sialylation and a small amount of Man 5 structures (Supplementary Figure S4). The
N-glycan structures observed in this study are summarized in Fig. 5, which also highlights the species specificity
of the O-acetylated sialic acid.

Discussion
Commercially distributed eCG is made available as a crude extract from the serum of pregnant mares, commonly
called PMSG. Previously there have been attempts to characterize and describe PMSG via HPLC/RP-HPLC and
SDS-PAGE to analysis. In fact, Alvarez and colleagues described, using HPLC and four different commercial
PMSG, that this method can be used for predicting biological activity?>.

In addition, SDS-PAGE after HPLC was shown by Rodriguez and colleagues, which allowed them to
characterize and compare reCG with natural PMSG products and conclude that recombinant molecules and
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Site ‘ Observed m/z' ‘ [M+H]* ‘ Sequences? Glycan structures
a-chain
N80 | 803.3323* 2407.995 | KNITSESTC*C*VAK CoreHexNAc
871.025%* 2611.076 | KNITSESTC*C*VAK CoreHexNAc2
925.043%* 2773.129 | KNITSESTC*C*VAK CoreHexNAc2Hex
938.718%* 2814.153 | KNITSESTC*C*VAK CoreHexNAc3
965.3713* 2894.117 | KNITSESTC*C*VAK CoreHexNACc3 + sulfate
992.738%* 2976.214 | KNITSESTC*C*VAK CoreHexNAc3Hex
1022.074%* 3064.228 | KNITSESTC*C*VAK CoreHexNAc2HexNeuAc
1035.7473* 3105.242 | KNITSESTC*C*VAK CoreHexNAc3NeuAc
1143.786>* 3429.358 | KNITSESTC*C*VAK Core(HexNAcHex)2HexNAcNeuAcl
1203.134%* 3607.401 | KNITSESTC*C*VAK Core(HexNAcHex)2NeuAc2
1240.815%* 3720.445 | KNITSESTC*C*VAK Core(HexNAcHex)2HexNAcNeuAc2
N106 | 790.346°* 3947.702 | K.AFIRVTVMGNIKLENHTQC*YC*STC*.Y? Man5
822.757°* 4109.758 | K. AFIRVTVMGNIKLENHTQC*YC*STC*.Y Man6
835.5306+ 5008.142 | K AFIRVTVMGNIKLENHTQC*YC*STC*YHHKI.- | Man7
862.5376+ 5170.186 | K AFIRVTVMGNIKLENHTQC*YC*STC*YHHKI.- | Man8
754.7368%* 3769.655 | KAFIRVTVMGNIKLENHTQC*YC*STC*.Y CoreFuc
795.352°* 5144.964 | K AFIRVTVMGNIKLENHTQC*YC*STC*.Y CoreHexNacFuc
827.764°* 4134.789 | K AFIRVTVMGNIKLENHTQC*YC*STC*.Y CoreHexNacHexFuc
835.968%* 4175.809 | K AFIRVTVMGNIKLENHTQC*YC*STC*.Y CoreHexNac2Fuc
868.380°* 4337.871 | KAFIRVTVMGNIKLENHTQC*YC*STC*.Y CoreHexNac2HexFuc
750.826%* 4499.916 | K AFIRVTVMGNIKLENHTQC*YC*STC*.Y Core(HexNacHex)2Fuc
799.3436* 4791.017 | KAFIRVTVMGNIKLENHTQC*YC*STC*.Y Core(HexNacHex)2FucNeuAc
1211.975% 4844.879 | RVTVMGNIKLENHTQC*YC*STC*YHHKI.- CoreHexNAc4 + sulfate
B-chain
N33 | 688.1373%* 3436.657 | A.SRGPLRPLC*RPINATLAAEK.E* Man5
900.4333% 3598.712 | A.SRGPLRPLC*RPINATLAAEK.E Man6
752.9591°* 3760.767 | A.SRGPLRPLC*RPINATLAAEK.E Man7
785.370°* 3922.820 | A.SRGPLRPLC*RPINATLAAEK.E Man8
1021.973%* 4084.869 | A.SRGPLRPLC*RPINATLAAEK.E Man9
778.894% 3112.555 | A.SRGPLRPLC*RPINATLAAEK.E Core
652.528°* 3258.612 | A.SRGPLRPLC*RPINATLAAEK.E CoreFuc
693.144°* 3461.692 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNacFuc
725.555°* 3623.743 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNacHexFuc
783.773%* 3914.835 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNacHexFucNeuAc
733.760°* 3664.773 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac2Fuc
766.170°* 3826.823 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac2HexFuc
798.583°* 3988.884 | A.SRGPLRPLC*RPINATLAAEK.E Core(HexNacHex)2Fuc
856.796°* 4279.980 | A.SRGPLRPLC*RPINATLAAEK.E Core(HexNacHex)2FucNeuAc
915.0151°* 4571.076 | A.SRGPLRPLC*RPINATLAAEK.E Core(HexNacHex)2FucNeuAc2
971.192%* 3881.746 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac3 + 2Sulfate
774.376°* 3867.851 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac3Fuc
987.706** 3947.803 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac3Fuc-sulfate
832.592°* 4158.933 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac3FucNeuAc
806.787°* 4029.905 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac3HexFuc
839.197°* 4191.955 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac3Hex2Fuc
897.415°* 4483.047 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac3Hex2FucNeuAc
955.633°* 4774.134 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac3Hex2FucNeuAc2
847.403°* 4232.984 | A.SRGPLRPLC*RPINATLAAEK.E CoreHexNac4HexFuc

Table 3. The summary of observed glycopeptides from a-chain from luteinizing hormone (LH). !Observed
m/z from MSI spectrum. 2C* represents carbamidomethylated cysteines. *The MS/MS spectra matched the
peptide with non-specific cleavage, meaning that C-terminal of a-chain was truncated. “The MS/MS spectra

matched the peptide starting from Serine due to the signal peptide.
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Fig. 4. Terminal epitopes among different species. (A) The spectral counts of MS/MS scans containing
N-glycan with sialic acid were shown in black and N-glycan with acetylated sialic acid were marked in white.
The oxonium ions that were utilized to filter their represent structures were [HexNac]*= 204.087; [NeuAc-
H,0]*= 274.092; [NeuAc]*= 292.103; [acetylNeuAc]*= 334.113 [HexNac + Hex] "= 366.139. The required
ions are shown in the figure legend and the mass tolerance was 10 ppm. CG stands for choriogonadotropin
from Sigma. The data was first processed by Byonic with MS/MS filtering function and the spectra counts
was counted by inhouse script. (B) MS profile demonstrating the glycoforms on site N31 from human
choriogonadotropin subunit beta variant 2 (Swissprot accession#: Q6NT52). (C) The MS/MS spectrum of m/z
894.886 (+4) showing that this tryptic peptide was carried with biantenna structures with two sialic acids.
The products A and B are shown exemplary. Products C and D do not differ and are shown in supplementary
Figure S5.
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Fig. 5. Glycosylation profile of a- and p-chains from PMSG, eLH and human CG. In PMSG, O-aceylation on
sialic acids was observed on both a- and p-chain. 'S"-Sulfated N-glycans with polyLacNac were exclusively
observed in horse luteinizing hormone. For human CG, bi- and tri-antenna N-glycans were observed in both
a- and B-chain. All assignments were based on the biosynthesis pathway and previous studies.

PMSG displayed variations in their glycosylation patterns. Notably, differences in the sialic acid content were
observed between two commercial PMSG preparations, potentially affecting their biological potency. These
findings emphasise the significance of implementing a standardized production process?. Both works highlight
the importance of the physicochemical profile and the glycosylation of the products. As the exact compositions
of the natural PMSG extracts were unknown, we first performed a proteomic analysis to understand the protein
composition of various commercial PMSG products. We supplemented this analysis with a thorough assessment
of the N-glycosylation of these products.

In this comparison of four different PMSG products, we show that even though we identified a multitude of
proteins in the extracts only 14 proteins were found across all samples, among these the a- and p-chains of eCG/
eLH. Most of the others are known serum proteins, such as e.g. alpha-1-microglobulin, maltase-glucoamylase,
apolipoprotein, Serpin family (alpha-antitrypsin), transcobalamin, and transthyretin?*. Thus, even though all
PMSG products supposedly contain the same bioactive hormone by description, the proteomic results proved
evidence for significant differences among these products. Furthermore, and most astonishingly, the product
from company B is the same as the product from company D, just sold under a different brand name (personal
communication). Yet we identified significant differences among them, possibly as a result of different production
lots.

It appears entirely likely that the background proteome co-determines the efficacy of each PMSG product
- possibly by specific influences on pharmacokinetics. At the same time, changes in the pharmacodynamics
of the hormone due to binding to other proteins in the preparations cannot be completely ruled out either.
The background proteome of PMSG preparations is controlled by different factors of three basic types, namely
those intrinsic to the animal, those extrinsic to the animal, and those in the ex vivo production phase. Intrinsic
factors are horse species, age, exercise, state of gravidity at collection, and parity. Extrinsic factors are food,
stress (including collection method), and pollutants. The ex vivo factors include sample preparation and
storage, purification, formulation, and transport'>%°. In previous studies, proteomic data also showed that there
are differences in the composition of the equine oviduct fluid obtained from the oviducts ipsilateral to a pre-
ovulatory follicle and that obtained after ovulation, coinciding with previous results in bovine?®?’. It shows that
equine fertilization is a complicated process, and the protein expression is one of important factors that promote
fertilization and early embryo development in horses. In conclusion, in terms of protein constitution, the four
assessed PMSG preparations differed significantly, with unknown consequences for pharmacological properties
such as efficacy and side effects in the various species in which the drug is used. Further investigations into the
differences between PMSG products and their pharmacological consequences appear necessary.

In addition to the proteomic analysis, we also assessed in detail the N-glycosylation profile of PMSG/eCG,
which has until today not been compared between products, even though it is known for being essential for the
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pharmacodynamic and pharmacokinetic properties of eCG**. We furthermore compared in a standardized
manner the glycosylation profile of eCG with that of eLH and human CG.

Previous studies examining the LH-like activity of glycoprotein hormones have revealed that the Asn56 and
Asn82 glycosylation sites of the eCG a-chain, counting without signal peptides (In this study, the labeling was
with signal peptides on both a and B-chains.), play an essential role in the induction of a signal by its receptor.
Similarly, the glycosylation sites Asn56 of the eFSH a-chain®® and the hFSH a-chain®! are critical for signal
transduction. These findings indicated that the glycosylation sites Asn56 and Asn82 of the a-chain mediate the
LH-like and FSH-like activities of eCG, eFSH, hCG?’, emphasizing the relevance of these glycosylation sites in
the a-chain. eCG binds to FSH receptors of virtually all mammalian species, in which it has been tested and will
produce biological effects specific to FSH. It has a similarly potent interaction with LH receptors. The structural
basis of this duality is not known but is discussed to be related to the region 90-110 of the -chain®2 In our
analysis, we found complex bi- and tri-antenna N-glycan structures on peptides of both a- and p-chains and in
the position described in the literature. Taken together, we can confirm that all tested products contain eCG with
the same, inconsistent with a previous study, complex N-glycans with core-fucosylation and sialylation were
mainly observed in eCG, and the sulfated LacdiNAc N-glycans were observed in eLH?.

Furthermore, we observed O-acetylation of sialic acids on eCG. Since we could not find a similar O-acetylation
on hCG, our results indicate that this O-acetylation is, to some extent, species-specific. O-acetylation of sialic
acid is regulated by two enzymes, sialic acid-specific O-acetyl transferases (SOATs), and O-acetyl esterases
(SIAEs), which add and remove O-acetyl groups, respectively. This is important and is underlined in a recently
published study, showing sialic acid types and their O-acetylation patterns have large differences among
serum glycoproteins cross different species. The study of Liu 2024 shows that based on intact N-glycopeptide
analyses, all sialoglycopeptides in human sera were modified by Neu5Ac without any O-acetylation; 90% of
sialoglycopeptides in rat sera were also modified by Neu5Ac, with more than 60% that were further O-acetylated.
In contrast, 99% of sialoglycopeptides in mouse sera contained Neu5Gc including 12% in O-acetylated forms.
This study enhances the understanding of O-acetylated sialoglycan diversities and underscores the necessity
of considering glycosylation profiles when choosing animal models®. Sialic acid-specific O-acetyl transferases
have been identified and characterized in mammalian cells, invertebrates, bacteria, and viruses®*. Hence the
mammalian SOAT CAS1 domain containing 1 (CASD1) was also found in the horse genome and presents with
high protein sequence identity to human CASD], albeit containing an N-terminal extension resulting from a
further 5'-located additional start codon in exon 1 (Supplementary Fig. S5). Similarly, an SIAE orthologue is
located in the horse genome, albeit featuring a slightly lower protein sequence identity to the human protein
(Supplementary Fig.S5). While it appears possible that this O-acetylation plays a role in facilitating the peculiar
features of eCG, we cannot, at this point, provide experimental evidence thereof. Yet, the importance of sialic
acid moieties for serum half-life of gonadotropic hormones has been known for a long time®® Indicative is,
however, the discrepancy in the efficacy of eCG produced in vitro compared to ex vivo PMSG’. It remains to be
seen whether recently reported, functionally active in vitro produced eCG*® sports this sialic acid attachment.
Putting focus onto this O-acetylation may mean that it can now be tested in glycoengineering of glycoprotein
hormones.

In a first approach we wanted to determine the biological function of the O-acetylation by treatment
of PMSG with SIAE. Due to limited sources of SIAE and a lack of reliable SIAE during the study, we were
unable to demonstrate the importance of O-acetylation of sialic acid. Instead, we tried two different sialidases
(Neuraminidases from Clostridium perfringens and Arthrobacter ureafaciens), but cleavage of sialic acids was
resisted as confirmed by MS. The reason might be acetylation at position —4, which cannot be enzymatically
digested by sialidases!®. Between positions C-7, C-8 and C-9 the acetyl-group can migrate and may allow cleavage
when at particular positions, the C-4 position is static and resistant to most esterases*’ While we cannot prove
this with current methods, the acetylation at this position might directly influence the half-life of the hormone in
other mammals apart from horses. The missing esterases (SOATS) for hydrolisation®, the hindrance of detection
via immune-receptors® or the additional inhibition of esterases via methyl-phosphodiester at position C-4 and
C-93* might influence this outcome.

In this study, we performed a standardized comparison of four PMSG products, of eLH and human CG
via MS-based methods. In conclusion, our characterization of the commercially available products shows, that
PMSG is an only crudely purified product. The four products shared < 6% of commonalities. Nevertheless, these
products show consistently similar N-glycan structures including an acetylation of sialic acid in the a-chain and
B chain as described before by Damm!®, that further distinguishes PMSG from eLH, which instead features a
sulfation, and hCG. It is remarkable that identical glycosylation patterns are observed despite the highly variable
protein content. The functional relevance of these difference in the N-glycan structures remain to be shown
in the future. In an additional attempt we analysed commercial horse serum, which shows a great overlap in
protein content, but no PMSG was detected (Supplemental table SVI) Our findings underscore the importance
of standardizing products. The wide variability in co-injected proteins may contribute to allergies or adverse
reactions and could influence biological activity or eflicacy, complicating comparisons between different
products or even batches. Notably, PMSG concentrations are not listed on product labels due to the difficulty in
accurately determining the actual PMSG content. Whether these additional proteins impact receptor binding or
half-life remains to be studied. These unresolved questions emphasize the need for detailed characterization of
marketed products to better understand the mechanisms of the PMSG hormone.

Materials and methods

Materials

Mare serum gonadotropin was purchased from different sources, namely Apollo Scientific (Tamworth, UK
Product.No 9002-70-4; Lot AS478456), Aviva Systems Biology Corporation (San Diego, USA Product.No
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OPPA01037; Lot 917PGSMP07), MSD Animal Health (Luzern, Switzerland Product.No n.a; Lot A239A02) and
Genway Biotech INC. (San Diego, USA Product.No GWB-2AE30A; Legacy DB ID 45962) companies. Horse
Serum HI was acquired from GIBCO (Life Technologies, NZ). Luteinizing hormone from the equine pituitary,
Human chorionic gonadotropin, dithiothreitol (DTT), and iodoacetamide (IAA) were purchased from Sigma-
Aldrich (St. Louis, USA).

The samples were treated in the same way throughout the whole analysis, therefore, by all applicable scientific
reproducibility measures we can assume that any incomplete digestion, loss of analytes during extraction, and
degradation during preparation are the identical between samples. This is a standard approach in proteomics*’.
We cannot exclude the matrix effects among products since different vendors produced the products.

Sample preparation for site-specific glycan profiling analysis by mass spectrometry

All PMSGs used in this study are standardized and certified veterinary products. Before analysing these products
via mass spectrometry, the concentration of proteins was measured via Nanodrop and normalized to the same
amount. 50 pg of each PMSG sample was processed using the filter-assisted sample preparation protocol (FASP)
with some modifications*!. In brief, the samples were loaded into an Amicon device (Millipore Inc, USA) with
3 K MWCO membrane and washed three times with 50 mM ammonium bicarbonate buffer (ABC) at pH 8.5.
Proteins were reduced with 25 mM (DTT) in ABC buffer for 1 h at 37 ° C and subsequently alkylated with 55
mM (IAA) for 1 h at 37 ° C in the dark. The sample was digested with 1 pg of sequencing-grade modified trypsin
(Promega AG, USA) or GluC endopeptidase (Roche AG, Switzerland) and incubated for 16 h at 37 °C. Both
samples were dried and dissolved in 2.5% acetonitrile with 0.1% formic acid. The samples were desalted with
C18 Zip-tip (Millipore Inc, USA).

Proteomic and glycopeptide analysis by nanoUPLC-MS/MS mass spectrometry

All tryptic or GluC-digested (glyco)peptide mixtures were analyzed on a calibrated Q Exactive™ mass
spectrometer (Thermo Fischer Scientific, Bremen, Germany) coupled to a Waters nanoAcquity UPLC system
(Waters, Milford, USA) with a Picoview™ nanospray source 500 model (New Objective). The (glyco)peptide
mixtures were dissolved in 2.5% acetonitrile (ACN)/0.1% FA (formic acid), loaded onto an Acquity UPLC
M-Class Symmetry C18 trap column (180 um x 20 mm, 100 A, 5 um particle size) and separated on an
ACQUITY UPLC M-class HSS T3 C18 column (75 pm x 250 mm, 100 A, 1.8 pm particle size), at a constant flow
rate of 300 nL/min, with a column temperature of 50 °C and a linear gradient of 1 — 35% acetonitrile (ACN)/0.1%
formic acid (FA) in 42 min, followed by a sharp increase to 98% acetonitrile in 2 min and then held isocratically
for another 10 min. All samples were analyzed in Data-Dependent Acquisition (DDA) mode; one scan cycle
comprised of a full scan MS survey spectrum, followed by up to 12 sequential HCD scans based on the intensity.
The parameters above were applied to both proteomics and glycopeptide analysis. For the proteomics study, full
scan MS spectra (400-2000 m/z) were acquired in the FT-Orbitrap at a resolution of 70,000 at 400 m/z, while
HCD MS/MS spectra were recorded in the FT-Orbitrap at a resolution of 35,000 at 400 m/z. For glycopeptide
analysis, full scan MS spectra (600-2000 m/z) were acquired in the FT-Orbitrap at a resolution of 70,000 at
400 m/z, while HCD MS/MS spectra were recorded in the FT-Orbitrap at a resolution of 35,000 at 400 m/z. HCD
MS/MS spectra were performed with a autogain control value (AGC) of 500,000 by the collision energy setup at
normalized collision energy (NCE) 25.

Data analysis for protein identification and glycopeptide profiling

For protein identification, all raw data were loaded into Byonic™ 3.11 (Protein Metrics, USA), and searched
against Uniprot horse database (202101) with the following parameters: peptide tolerance of 10 ppm and an
MS/MS tolerance of 0.03 Da for fragment ions with the consideration of carbamidomethylation at cysteine
and oxidation at methionine (fixed modification). The proteomics data were available in the PRIDE server
(PXD042535)*? and filtered based on the following criteria: peptide FDR less than 1% and the minimum number
of peptides per protein was 2. After general proteomic search, Byonic™ generated a focus database containing
only the identified proteins. For site-specific N-glycosylation analysis, all raw data were then searched against
the focused database with default 132 common biantenna N-glycan database by Byonic. The identified MS/MS
spectra were inspected manually as described previously*!. In addition, the raw data were then searched again
with the consideration of N-glycans with acetyl groups. For the LH sample, the database was again searched with
biantennary structures with LacdiNAc with sulfate groups. For the human sample, the database was searched
against human database with biantennary structures and 132 common human glycan structures from Byonic.

Data availability
All data generated or analysed during this study are included in this published article (and its Supplementary
Information files), and/or are available in the [Swissprot accession] repository, and indicated as such in the text.
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