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Abstract

Background: Fetal fibrinogen is a variant present in neonates. Blood products used in

neonates are tailored for adults and do not seamlessly integrate into neonatal clots.

Increased sialic acid content has been found in fetal fibrinogen compared with adult

fibrinogen. However, the extent or location of sialic acids on fibrinogen remains

unknown.

Objectives: To investigate differences in glycosylation and sialic acid content between

fetal and adult fibrinogen.

Methods: Glycans were eluted from human cord blood-isolated fetal fibrinogen and

commercially available adult fibrinogen using filter-aided N-linked glycan separation.

A α, B β, and λ chains were isolated using sodium dodecyl sulfate-polyacrylamide gel

electrophoresis, and in-gel enzymatic digestion was performed. Infrared matrix-assisted laser

desorption electrospray ionization mass spectrometry was used for analysis.

Results: In total, 39 and 22 glycans were detected in fetal and adult fibrinogen,

respectively. Fetal fibrinogen glycans were most abundant in the lower molecular

weight range <4 kDa. After isolating the Aα, Bβ, and λ chains, increased glycosylation

and sialic acid content was found in fetal fibrinogen. Increased glycosylation was

detected across all 3 chains, and increased sialic acid content was found in the Bβ chain.

Conclusion: Sialylation in the Bβ chain of fetal fibrinogen supports previous findings

showing more knob ‘B’ interactions occur in fetal fibrinogen than in adult fibrinogen

during clot polymerization. This is also the first detection of glycosylation in the Aα

chain of fibrinogen. By elucidating the fibrinogen N-linked glycome, this study found

where sialic acid content differs the most between adult and fetal fibrinogen. This can

ultimately be used to develop blood products that are neonatal-compatible.
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1 | INTRODUCTION

Fibrinogen is an abundant blood protein that is a primary contributor to

hemostasis. Once activated by thrombin, this soluble monomer trans-

forms into an insoluble fibrin gel that helps minimize blood loss from

injury. Structurally, fibrinogen is a 340-kDa glycoprotein primarily

produced in hepatocytes. It consists of 3 paired polypeptide chains (Aα,

Bβ, and λ) connected by disulfide bridges in the central N-terminal E

domain (Figure 1) [1]. Within the E domain, there are 2 binding sites

known as “knobs” located on the Aα and Bβ chains, which become

exposed after thrombin binds fibrinogen and cleaves the peptide se-

quences fibrinopeptide A (FpA) and fibrinopeptide B (FpB), named

respectively for the chain on which they reside [2]. In adult fibrinogen,

FpA cleavage occurs at a much faster rate than FpB cleavage, leading to

fibrin monomer and oligomer formation. Fibrin formation occurs as

newly exposed knobs “A” of one fibrin monomer bind with other fibrin

monomers via holes “a” located in the distal D regions of the λ chains.

These oligomers aggregate laterally as FpB is cleaved leading to knob

“B” and hole “b” interactions. These interactions create a dense poly-

meric fibrin matrix that acts as a provisional scaffold for platelets,

growth factors, and other cell types to assist in hemostasis and healing.

Given fibrinogen’s central role in hemostasis, adult fibrinogen’s

structure and function has been studied extensively; however, much

remains unknown about neonatal or fetal fibrinogen. Neonates are

born with immature hemostatic systems that consist of hyporeactive

platelets, lowered intraclot thrombin levels, decreased procoagulant

and anticoagulant concentrations, and the presence of a fibrinogen

variant called fetal fibrinogen [3,4]. These differences can be attributed

to the existing incompatibility issues between adult-based blood
in synthesis. Fibrinogen consi

ing fibrinopeptide FpA and Fp

nd holes “b” in the D-domain,
products and neonatal patients undergoing surgery [5–7]. Previous

studies have shown that fetal fibrinogen creates less stiff and looser

clots that degrade faster than adult fibrinogen clots [8]. It has also been

shown that during clot polymerization, fetal fibrinogen utilizes signifi-

cantly more “B-b” knob-hole interactions than adult fibrinogen, which is

dominated by “A-a” knob-hole interactions. Structurally, fetal fibrinogen

differs from adult fibrinogen in subunit molecular weight and has

greater protein phosphorylation and glycosylation [3]. Phosphorylation

and glycosylation are classified as posttranslational modifications.

Glycosylation, specifically, has been shown to decrease polymerization

rate, clot turbidity, and fiber diameter [9]. Glycosylation is the enzyme-

mediated addition of a glycan or carbohydrate to a protein or lipid. This

process takes place in the endoplasmic reticulum or Golgi apparatus,

depending on the type of glycosylation. The 2 main types of glycosyl-

ation are N-linked, where the sugar molecule is connected to an

asparagine (N) residue, and O-linked, where the sugar molecule is

connected to a serine or threonine (O) [10]. Adult fibrinogen is reported

to have 4 N-linked glycosylation sites located on the Bβ and λ chains [2].

Sialylation is a specific type of glycosylation that has been shown to

have an influence on immune response, aging, and coagulation is sia-

lylation [9].

Sialyation is the addition of a sialic acid group to a mono-

saccharide residing on a glycoprotein. Adult fibrinogen has �6 sialic

acids located at the N-glycosylation sites on the Bβ and λ chains [9].

Sialic acid is a negatively charged glycan residue that can be found on

the surface of cells and most proteins [11]. This residue has been

shown to influence fibrin clot properties associated with liver disease

[12,13]. It was also demonstrated that a reduction in sialic acid caused

by fewer galactose residues contributed to faster clot polymerization
sts of 3 paired polypeptide chains: α, β, and λ. Thrombin cleaves

B and exposing knob “A” and knob “B.” Knobs “A” and knobs “B” of

thereby creating a fibrin polymer.
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[14]. Furthermore, the Brown lab has previously found that fetal

fibrinogen has a significantly greater sialic acid concentration than

adult fibrinogen [8]; however, the extent and location of this sialyla-

tion difference remains unknown. To better elucidate the sialylation

difference between adult and fetal fibrinogen, this work used infrared

(IR) matrix-assisted laser desorption electrospray ionization (IR-

MALDESI) mass spectrometry [15].

IR-MALDESI is one of the ionization mechanisms used for mass

spectrometry imaging experiments. A mid-IR laser that fires at the

2970 nm wavelength excites the water molecules present in the

sample. The ablated neutral species fly up and are met by an

orthogonal electrospray (ESI) plume in which they are ionized in an

ESI-like manner. Additionally, IR-MALDESI operates at atmospheric

pressure and can detect multiply charged ions. One of the challenges

associated with investigating sialic acid by mass spectrometry is its

lability. The loss of sialic acid is commonly seen in ionization methods

that deposit large amounts of internal energy onto the sample.

However, this loss is not observed in IR-MALDESI because the soft-

ness of the ionization event is comparable with ESI [16]. As a result,

intact sialylated species can be detected and characterized [17–19].

Additionally, the carboxylic acid group on sialic acid indicates a pref-

erence for negative ionization mode. Since IR-MALDESI is an ESI-like

ionization mechanism, it can ionize sialic acid in its preferred polarity.

These benefits allow IR-MALDESI to be an advantageous tool in

investigating sialylated glycosylation and was used in this work to

uncover sialylation differences in fetal and adult fibrinogen. The

experimental workflow used in this study is summarized in Figure 2.
F I GUR E 2 Experimental workflow used to investigate differences in gl

glycan separation was performed with a molecular weight cutoff filter to el

F digestion cleaved glycans from gel pieces corresponding to the Aα, Bβ, an
desorption electrospray ionization (IR-MALDESI) mass spectrometry was
2 | METHODS

2.1 | Fibrinogen sample preparation

Fetal fibrinogen was isolated via ethanol precipitation from pooled

human cord blood-recovered plasma in citrate-phosphate-dextrose

(ZenBio) [20,21]. Briefly, plasma was mixed with ethanol in a 4:1 ra-

tio and chilled on ice for 20 minutes. The solution was then centrifuged

at 1000 g for 10 minutes at 4 ◦C. After the supernatant was removed,

the fibrinogen pellet was resuspended with sodium citrate for 5 mi-

nutes at 37 ◦C. Fibrinogen concentration was measured using Nano-

Drop analysis. Fetal fibrinogen and commercially available adult

fibrinogen (Enzyme Research Laboratories) were then resuspended in

ultrapure water at 1 mg/mL.
2.2 | N-linked glycan cleavage

Filter-aided N-linked glycan separation was used to cleave glycans off

of fibrinogen samples [22]. Protein (250 μg) was loaded onto a 10 kDa

molecular weight cutoff filter, with 100 mM ammonium bicarbonate

(ABC) as the buffer solution. Dithiothreitol (DTT) was added to the

filter to denature glycoproteins, followed by alkylation with iodoace-

tamide (IAA). One thousand units of PNGase F (Bulldog Bio) was

added to the filter, and the samples were incubated overnight at 37

◦C. Samples were dried down using a vacuum desiccator and resus-

pended in 50 μL water before IR-MALDESI analysis.
ycosylation between fetal and adult fibrinogen. Filter-aided N-linked

ute glycans from denatured fibrinogen glycoproteins. In-gel PNGase

d λ chains of fetal and adult fibrinogen. Infrared matrix-assisted laser

used to ionize and analyze all samples.
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2.3 | Aα, Bβ, and λ chain isolation

To isolate Aα, Bβ, and λ chains from adult and fetal fibrinogen, sodium

dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was

performedon8%NovexTris-GlycineWedgeWellMiniGels (Invitrogen)

in conjunction with a Mini Gel Tank (Invitrogen) and PowerPac HC

power supply (Bio-Rad). Sample reduction and SDS-PAGE were carried

out according to manufacturer recommendations (Novex, Tris-Glycine

Mini Gels; WedgeWell Format; Thermo Fisher). Each lane was loaded

with 15 μg protein. Following gel electrophoresis, bands were stained

using SimplyBlue SafeStain (Invitrogen) and imaged. Densitometry was

performed on ImageJ to estimate protein amount per band. SDS-PAGE

and densitometry measurements are shown in Figure 3.
2.4 | In-gel enzymatic digestion

The Aα, Bβ, and λ chain gel bands in fetal and adult fibrinogen were

excised and cut into small pieces before performing in-gel PNGase F

enzymatic digestion. Both fetal Aα bands present in the gel were isolated

together to represent total fetal Aα glycosylation. Gel pieces were

destained using 50:50 100 mM ABC:acetonitrile (ACN), followed by

100%ACN.Thegelswere incubatedwithDTTand100mMABCat56 ◦C
for 30 minutes. After cooling to room temperature and removing DTT

solution, ACN was added to dehydrate the gel pieces and incubated at
F I GUR E 3 Sodium dodecyl sulfate-polyacrylamide gel isolating

Aα, Bβ, and λ chains in fetal and adult fibrinogen (top). Densitometry

measurements corresponding to each chain in fetal and adult

fibrinogen (bottom).
roomtemperature for 15minutes.AfterACNwas removed, IAAandABC

were added to the gel pieces and incubated at 37 ◦C for 1 hour. Once the

IAA was removed, another dehydration step using ACNwas performed.

After removal of ACN, 1000 units of PNGase F were added to the gel

pieces and incubated overnight at 37 ◦C. Extracted glycan solutionswere

transferred to a new vial. The gel pieceswere dehydrated using ACN and

incubated at room temperature for 10 minutes before transferring the

ACN to the new vial. Rehydration of the gel pieces was performed by

adding ABC and incubating at room temperature for 10 minutes. The

ABC solutionwas then transferred to the new vial, and the rehydration–

dehydration cycle was performed 2 more times. The extracted glycan

solution was then dried down using a vacuum desiccator and resus-

pended in 50 μL of water before analyzing by IR-MALDESI.
2.5 | IR-MALDESI mass spectrometry and data

analysis

Due to the softness of the ionization source, IR-MALDESI can ionize

sialylated N-linked glycans without chemical derivatization. IR-

MALDESI uses an infrared laser (JGM Associates) that fires at the

2.97μmwavelength to excite thewatermolecules present in the sample

andmatrix. Six pulsesper burstwereusedandachieveda laser energyof

2 mJ per voxel. IR-MALDESI was coupled to an Orbitrap Exploris 240

mass spectrometer (Thermo Fisher Scientific). Mass calibration was

performed each day of experiments. The ESI solvent consisted of 50%

ACNwith 1mMacetic acid. A stable ESI plumewas achievedwith 3000

V and a flow rate of 1 μL/min. Five microliters of sample was pipetted

onto a hydrophobic slide and directly analyzed by IR-MALDESI. Raw

mass spectra were converted from m/z ratios to monoisotopic mass.

Masses were uploaded into GlycoMod to determine potential glycan

compositions, and annotations were confirmed by GlyConnect, an

experimental database [23,24]. The relative abundance of the glycans

was obtained from the raw mass spectra and divided by the amount of

protein per gel band in micrograms to obtain ions per second per

microgram. The number of sialic acids on each glycan was determined

and multiplied by the relative abundance of the glycan to obtain total

sialic acid content as sialic acids per second per microgram. Percentage

difference calculations were performed to determine the degree of the

differences between fetal and adult fibrinogen.
3 | RESULTS

3.1 | Characteristics of glycosylation in fetal and

adult fibrinogen

A total of 38 glycans were detected in fetal fibrinogen, and 22 glycans

were detected in adult fibrinogen. All glycans were detected as

multiply charged species within a 2.5 ppm mass measurement accu-

racy. Nineteen glycans were shared between fetal and adult fibrin-

ogen. Three glycans were exclusive to adult fibrinogen, and 19 glycans

were exclusive to fetal fibrinogen (Figure 4A). All detected glycans are



F I GUR E 4 (A) Venn diagram of glycans detected in fetal and adult fibrinogen. (B) Characteristics of the common glycans shared between

fetal and adult fibrinogen. (C) Total relative abundance of fetal and adult glycans. (D) Putative structures of N-linked glycans only detected in

fetal fibrinogen. (E) Putative structures of N-linked glycans only detected in adult fibrinogen. (F) Size trends in glycans detected in both fetal and

adult fibrinogen. Fetal fibrinogen has a higher abundance of small to mid-size glycans (1-4 kDa) compared with adult fibrinogen. Adult fibrinogen

has a higher abundance of large glycans (>4 kDa) compared with fetal fibrinogen. Glycan structures are represented using Symbol

Nomenclature for Glycans. Fuc, fucose; Gal, galactose; GalNAc, N-acetylgalactosamine; GlcNAc, N-acetylglucosamine; Man, mannose;

NeuAc, N-acetylneuraminic acid.
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listed in Supplementary Tables 1 to 3. The 19 common glycans were

mostly sialylated glycans, a few fucosylated glycans, and several sia-

lylated and fucosylated glycans (Figure 4B). The total glycan abun-

dance was higher in fetal fibrinogen than in adult fibrinogen, as shown

in Figure 4C, likely due to the additional number of glycans detected

in fetal fibrinogen. Glycan structures detected only in fetal fibrinogen

are shown in Figure 4D. High mannose, hybrid, and complex
structures were detected, and the complex and hybrid structures

included sialylated and fucosylated glycans. High mannose glycans

were only detected in fetal fibrinogen. Glycan structures exclusive to

adult fibrinogen are shown in Figure 4E. Two complex glycans and 1

hybrid glycan with a polylactosamine extension were detected.

Investigation into the glycans detected in both fetal and adult fibrin-

ogen within a specific mass range revealed unique trends. As shown in
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Figure 4F, fetal fibrinogen glycans had a greater abundance of glycans

within the 1 to 4 kDa glycan mass range, particularly within the 3 to 4

kDa mass range. Glycans in the 4 to 5 kDa mass range were most

abundant in adult fibrinogen.
3.2 | Aα, Bβ, and λ chain glycosylation

Four total glycans were detected in the SDS-PAGE analysis in both

fetal and adult fibrinogen. Raw mass spectra of the detected glycans in

each chain within fetal and adult fibrinogen is shown in Figure 5. All

glycans were detected as multiply charged species within a 2.5 ppm

mass measurement accuracy. Three glycans were detected in the Aα

chain, 2 in the Bβ chain, and 4 in the λ chain. The 4 glycans consisted of

mono-, di-, tri-, and tetrasialylated glycans. Di-, tri-, and tetrasialylated

glycans were detected in the Aα chain, mono- and disialylated glycans

were detected in the Bβ chain, and mono-, di-, tri-, and tetrasialylated

glycans were detected in the λ chain (Figure 6). Certain glycans were

common among some of the chains, and a Euler diagram depicting

shared glycans between each chain is shown in Figure 6.
3.3 | Differences in N-glycosylation and sialic acid

content

The relative abundance of ions per microgram of protein was deter-

mined using densitometry. In the Aα chain, a higher relative abun-

dance of disialylated glycans was found in fetal fibrinogen, and adult

fibrinogen had a higher relative abundance of tri- and tetrasialylated

glycans (Figure 7A). In the Bβ chain, fetal fibrinogen had a higher

relative abundance of both detected glycans than adult fibrinogen

(Figure 7A). Finally, in the λ chain, fetal fibrinogen had a higher relative

abundance of the mono- and disialylated glycans, and adult fibrinogen

had a higher relative abundance of the tri- and tetrasialylated glycans

(Figure 7A). A summary of total glycosylation within each chain is

presented in Figure 7B. Larger amounts of glycosylation was detected

in fetal fibrinogen across all chains. The percentage differences for the

Aα, Bβ, and λ chains were 34%, 41%, and 28%, respectively. Inter-

estingly, the Bβ chain had the largest difference in total glycosylation

between fetal and adult fibrinogen (Figure 7B).

Total sialic acid content between fetal and adult fibrinogen chains

was investigated by multiplying the relative abundance (ions per

second per microgram) by the number of sialic acids present on the

glycan to obtain sialic acids per second per microgram. Sialic acid

content resulting from each glycan within each chain is depicted in

Figure 8A. The majority of sialic acid content across all 3 chains came

from the biantennary disialylated glycan. However, a significant

portion of sialic acid content present in adult fibrinogen came from tri-

and tetrasialylated glycans. A summary of sialic acid content within

each chain is shown in Figure 8B. Comparable sialic content was

observed in the Aα and λ chains between fetal and adult fibrinogen.

The percentage differences were 5.5% and 0.8% for the Aα and λ

chains, respectively. Higher sialic acid content was observed in the Bβ
chain in fetal fibrinogen compared with adult fibrinogen (Figure 8B).

The percentage difference between fetal and adult Bβ chain sialic acid

content was 44%, indicating a significant increase in sialylation in the

Bβ chain of fetal fibrinogen. Overall, fetal fibrinogen had greater

abundances of both total glycosylation and sialic acid content due to

the significant increase in glycosylation within the Bβ chain.
4 | DISCUSSION

Fibrinogen samples were prepared using filter-aided N-linked glycan

separation to cleave N-linked glycans off fibrinogen. Glycans were then

directly analyzed by IR-MALDESI, in which an abundance of N-linked

glycans was detected in fetal and adult fibrinogen. High mannose gly-

cans were only detected in purified fetal fibrinogen. This is consistent

with previous studies that found higher levels of high mannose glycans

in neonate samples [25]. Because N-linked glycans follow a non-

template synthesis, the spatiotemporal distribution of enzymes that can

act upon the protein to synthesize a glycan can vary based on genetics,

age, environmental conditions, and more [26]. High mannose glycans

are precursor oligosaccharides to complex and hybrid glycans, sug-

gesting that the abundance of certain glycotransferases is rather low in

neonates compared with adults. Fetal fibrinogen also had a higher

number of N-linked glycans detected. The high abundance of fetal

glycans within the 3 to 4 kDa range indicates that these glycans may

play a role in neonatal blood clotting. The high abundance of adult

glycans in the 4 to 5 kDa mass range indicate a significant amount of

glycan processing in the Golgi that is not fully developed in neonates.

These results demonstrated clear differences in glycosylation between

fetal and adult fibrinogen and motivated a deeper investigation into the

location of these glycans within fibrinogen.

To investigate glycosylation within each fibrinogen chain, SDS-

PAGE was performed to separate the Aα, Bβ, and λ subunits. After

band excision and in-gel PNGase F digestion, glycans were analyzed

by IR-MALDESI mass spectrometry. Notably, to our knowledge, this is

the first study to detect glycosylation within the Aα chain. Although

the relative abundance of glycans was an order of magnitude lower

than the other fibrinogen chains, 3 glycans were confidently detected

and confirmed by high mass measurement and spectral accuracy. Prior

research only detected mono-, di-, and trisialylated glycans in fibrin-

ogen [27]. However, in this work, we report a tetrasialylated glycan

detected in the Aα and λ chains. This glycan was more abundant in

adult fibrinogen compared with fetal fibrinogen, which is consistent

with the findings from the direct protein analysis in which larger

glycans tended to be more abundant in adult fibrinogen. Glycans with

2 branches (mono- and disialylated) were always more abundant in

fetal fibrinogen. Overall, these size trends present in both analyses

indicate that larger and more processed glycans are more common

during adulthood.

While specific impact of sialic acid on clot polymerization is not

fully understood, multiple studies have shown that sialic acid inhibits

polymerization rate [8,28]. One explanation for this inhibition is

electrostatic repulsion due to the negatively charged carboxylic acid



F I GUR E 5 Raw mass spectra of the A α, B β, and λ fibrinogen chains in both fetal and adult fibrinogen. (A) A α chain mass spectra of fetal

and adult fibrinogen. (B) Bβ chain mass spectra of fetal and adult fibrinogen. (C) λ chain mass spectra of fetal and adult fibrinogen.
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F I GUR E 6 Glycan structures detected in the Aα, Bβ, and λ
chains (left). Euler diagram depicting common sialylated glycans

between each chain (right). Fuc, fucose; Gal, galactose; GlcNAc,

N-acetylglucosamine; Man, mannose; NeuAc, N-acetylneuraminic acid.
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functional group present on sialic acid. Normally, the negative charge

can be neutralized by calcium. However, in elevated levels of sialic

acid, there is not enough calcium for the neutralization, and poly-

merization is inhibited. Other studies have shown that sialic acid not

only impacts fibrin monomer polymerization but also the latter steps

of crosslinking fibrin monomer into a cross-linked fibrin matrix [29]. It

is hypothesized that sialic acid influences factor XIII crosslinking

mechanisms, thereby reducing clot turbidity. These theories support

previous studies that showed heavily sialylated fetal fibrinogen has

lower clot polymerization rates and clot turbidity than adult
F I GUR E 7 (A) Relative abundance (ions/s/μg) of each detected N-linked

was most abundant in fetal fibrinogen across each chain. (B) Total relative

fibrinogen. Higher levels of glycosylation were observed in each chain of
fibrinogen [8]. Furthermore, this study showed that fetal fibrinogen

has significantly more knob ‘B’ interactions than knob ‘A’ interactions

during clot polymerization. This is directly supported by the findings in

this work demonstrating increased sialic acid content in the Bβ chain

of fetal fibrinogen compared with adult fibrinogen. However, the

specifics for how sialic acid promotes knob “B” interactions remain

unknown.

This work has expanded upon previous findings that show that

adult and fetal fibrinogen are structurally and functionally different.

Specifically, this analysis has elucidated where sialic acid residues

differ the most between adult and fetal fibrinogen, which can be used

to better understand functional differences between the 2 molecules.

Understanding these differences is critical to developing therapies to

treat bleeding in infants without the thrombotic risks currently

associated with administration of adult blood products to neonates

requiring transfusion. More specifically, the findings presented in this

work build a foundation for future studies focused on making adult

fibrinogen more fetal-like via chemical modification, thereby creating

a concentrated fibrinogen therapeutic that is adult-based and

neonatal-compatible. This type of therapeutic would not only mitigate

blood compatibility issues between adult-based blood products and

neonates but would also circumvent any ethical and availability con-

cerns with the use of neonatal-derived blood products. To develop

such a therapeutic, the specific role of sialic acid in clot polymerization

needs to be understood. Future studies will be conducted to elucidate

this information, use it to modify adult fibrinogen to be more fetal-like,

and compare it with clinically available adult fibrinogen concentrate.
glycan in each chain. The biantennary disialylated glycan (1110m/z)

abundance of N-glycosylation across each chain in fetal and adult

fetal fibrinogen compared with adult fibrinogen.



F I GUR E 8 (A) Relative abundance of sialic acids (sialic acids/s/μg) from each sialylated glycan in each chain. The majority of sialic acid

content resulted from the biantennary disialylated glycan (1110 m/z), which was the most abundant glycan across all chains. (B) Total

abundance of sialic acid content across each chain in fetal and adult fibrinogen. Comparable levels of sialic acid content were observed in the Aα
and λ chains and increased sialic acid content was observed in the Bβ chain in fetal fibrinogen compared with adult fibrinogen. NeuAc,

N-acetylneuraminic acid.
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5 | CONCLUSION

Fetal fibrinogen N-glycosylation has a higher relative abundance of

lower molecular weight glycans and higher sialic acid content than

adult fibrinogen. Glycans conjugated to the Bβ chain of fetal fibrinogen

had significantly higher sialic acid content, supporting previous find-

ings in which more knob ‘B’ interactions occur in fetal fibrinogen

compared with adult fibrinogen during clot polymerization. This is also

the first study to detect glycosylation in the Aα chain. Overall, we

elucidated and expanded the fibrinogen N-linked glycome and present

important differences in sialic acid content between each of the 3

subunits. Future work includes further probing the structural differ-

ences between adult and fetal fibrinogen through mass spectrometry

imaging of blood clots.
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