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Abstract
Tissue factor (TF) is a single polypeptide integral membrane glycoprotein composed of 263
residues and is essential to life in its role as the initiator of blood coagulation.

Objective—Previously we have shown that the activity of the natural placental TF (pTF) and the
recombinant TF (rTF) from Sf9 insect cells is different (Krudysz-Amblo, J. et al(2010) J. Biol.
Chem. 285, 3371–3382). In this study, using mass spectrometry, we show by quantitative analysis
that the extent of glycosylation varies on each protein.

Results—Fractional abundance, of each glycan composition at each of the three glycosylation
sites, reveals the most pronounced difference to be at asparagine (Asn) 11. This residue is located
in the region of extensive TFfactor VIIa (FVIIa) interaction. Carbohydrate fractional abundance at
Asn11 revealed that glycosylation in the natural placental TF is much more prevalent (~76%) than
in the recombinant protein (~20%). The extent of glycosylation on Asn124 and Asn137 is similar
in the two proteins, despite the pronounced differences in the carbohydrate composition.
Additionally, 77% of rTF exists as TF des-1, 2 (missing the first two amino acids from the N-
terminus). In contrast, only 31% of pTF is found in the des-1, 2 form.

Conclusion—These observations may attribute to the difference in the ability of TF-FVIIa
complex to activate factor X (FX). Structural and functional comparison of the recombinant and
natural protein advances our understanding and knowledge on the biological activity of TF.
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1. Introduction
Tissue factor (TF) is an integral membrane glycoprotein, which in complex with factor VIIa
(FVIIa), initiates the blood coagulation process. Tissue factor is expressed in the vascular
adventitia, astroglial cells, organ capsules, central nervous system, lungs and placenta at
relatively low concentrations [1–3]. Various forms of recombinant (r)TF including the
mature protein (residues 1-263), the extracellular and transmembrane domain (residues
1-243) and the soluble extracellular domain (residues 1-219) have been expressed. Specific
expression systems contribute to different levels of posttranslational modifications of the
translated protein [4–8]. Structural and mutagenesis studies have been determined using
rTFs [9–11]. Although these rTFs have been used extensively as surrogates for the natural
protein, it has been well established that functional and structural limitations exist in the
recombinant analogs natural human proteins [12]. Comparison of the natural and
recombinant form, if possible, becomes important in biological assays and elucidation of
structure-function relationships [13–15].

The most abundant and complex posttranslational modifications are asparagine (Asn-linked,
N-linked) and serine/threonine (Ser/Thr-linked, O-linked) glycosylations [16,17]. Specific
cell lines, including the Sf9 insect cells, are preferred expression systems for recombinant
human proteins due to their ability to carry out more complex glycosylation and provide
better protein folding machineries than those of other organisms [12,18,19]. Despite the
great potential of insect cells to produce human proteins, recognized differences between the
mammalian and insect cell-derived proteins exist [20–22]. Notwithstanding few limitations
of recombinant proteins in their exploitation as surrogates for natural forms, the recombinant
proteins serve as valuable tools for elucidation of biological and structural roles of their
natural counterparts.

The goal of the present study was to map similarities and differences in the extent of
glycosylation and fractional abundances of each glycan in the natural and recombinant TF.
By using mass spectrometry based proteomics [23], we have focused on the quantitative
analysis of the micro and macro heterogeneity of carbohydrate composition in rTF and
natural human pTF. We previously reported the composition of the carbohydrates at each
glycosylated site in natural and recombinant TF [14]. Using a fluorogenic lipid-independent
assay, we showed that the amidolytic activity of the TF-FVIIa complex increased in the
order rTF1-243(E.coli)<rTF1-263(Sf9 insect cells)<pTF for the non-glycosylated and
increasingly glycosylated forms, respectively. Deglycosylation had no effect on the
amidolytic activity. In FXase, a lipid dependent FX activation assay, the Km of FX for
rTF1-263–FVIIa and pTF-FVIIa remained minimally altered after deglycosylation, whereas
the kcat decreased slightly for rTF and significantly, 4-fold, for pTF upon deglycosylation. In
this study, our findings show that one of the three glycosylated sites in pTF, Asn11, has the
majority or ~76% of that site glycosylated. In contrast, Asn11 in rTF is partially
glycosylated, having only 20% occupied by carbohydrate. We have also determined that
31% of pTF exists as a truncated form in which the first two amino acid residues are missing
from the N-terminal end of the protein. In rTF the fractional abundance of the truncated
form is much higher or 77%. Moreover, fractional abundances of the glycans demonstrate
that the majority of carbohydrates of pTF are sialylated and fucosylated, whereas the
carbohydrates of rTF predominate in high-mannose glycans. No mutational studies on
Asn11, Asn124 and Asn137 have been carried out in the past. The present analysis enables
us to apply structural data to the understanding of functional properties of the TF protein.
Our observations suggest that differences between the two TFs may influence the interaction
of TF with FVIIa and FX.
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2. Materials and methods
2.1 Proteins and Materials

rTF (mature rTF 1-263 residues) expressed in Sf9 insect cells, was a gift from Dr. R. Jenny
(Haematologic Technologies Inc., Essex Junction, VT). The source of pTF (Thromborel S)
was a gift from Dr. D. Barrow (Behring Diagnostics Inc., Liederbach, Germany). Anti-TF-5
monoclonal antibody (αTF-5 mAb) was produced in-house and characterized as previously
described [24]. Proteomics grade trypsin, DL-Dithiothreitol (DTT), and iodoacetamide were
purchased from Sigma (St.Louis, MO). HPLC-grade water, isopropanol and acetonitrile
were purchased from Thermo Fisher Scientific (Pittsburgh, PA). Formic acid was purchased
from VWR (West Chester, PA). 3-Compa-1-propanesulfonate (CHAPS) was purchased
from Thermo Fisher Scientific (Rockford, IL).

2.2 Enzymatic digestion of TF proteins
Human pTF was purified from the commercial thromboplastin, Thromborel S®, by a
procedure previously described [24]. Three µg of rTF and 1.5 µg of pTF in 50 mM
NH4HCO3 at pH 8.3 were reduced with 10 mM DTT and alkylated with 17 mM
iodoacetamide. Trypsin was added at a 1:50 enzyme to protein ratio and incubated at 37 °C
overnight.

2.3 Liquid chromatography-mass spectrometry (LC-MS) analysis of TF proteolytic peptides
Liquid chromatography/mass spectrometry (LC-MS) analysis of 1 pmol of TF peptides was
carried out using a Shimadzu SIL-20AC auto sampler with two LC-20AD pumps
(Columbia, MD) and a Thermo LTQ mass spectrometer (San Jose, CA). The LC was
connected to a 100 µm ID by 150 mm length nanospray column that was pulled and packed
in-house with Magic C18AQ reverse phase material (5µ beads, Michrom, Auburn, CA). We
used a slightly modified form of the two-split configuration previously described [25]. We
used water (solvent A) and acetonitrile (solvent B) with 0.1% formic acid in both solvents to
load and elute the sample from the nanospray column. The LC gradient consisted of the
following: 97% A and 3% B at 20 min, 40% B at 57 min, 60% B at 59 min. Total time for
the sample analysis was 65 min. Due to the presence of CHAPS in the TF samples, each
sample analysis was followed by a 5 µL injection of 50% isopropanol to “wash” the column.
The isopropanol injection was carried out in 60% B followed by a decrease to 3% B in 5
min; total time for the column wash was 25 min. The LTQ-MS was tuned according to the
manufacturer’s recommended procedure. The nanospray column was placed in front of the
mass spectrometer using an in-house constructed stage. The position of and voltage applied
to the nanospray column was optimized to achieve a consistent spray. We applied 1.9 kV to
the vent line on the tee at the head of the column. The transfer tube temperature was set to
150 °C. We viewed in Qualbrowser the tandem mass spectrometry (MS/MS) spectra after
collision induced disassociation of the glycopeptides to identify glycan composition based
on specific mass losses of different sugars as previously described [14,26]. We determined
the glycopeptide fractional abundance by running each sample three times and calculating
the average relative abundance for each glycan composition from the three analyses using
the LC-MS peak areas. For glycopeptides detected by more than one charge state or a
miscleave by trypsin, we summed the peak areas of different forms [27,28]. We used one
standard deviation of the averages to represent the error in the figures. The triplicate
injections were carried out using only a full MS scan from 250 to 2000 Da in centroid mode.
LC-MS data files were viewed using Xcalibur Qualbrowser, version 2.0. Individual
glycopeptides LC-MS areas were determined by manual integration using the add peaks tool
in Qualbrowser. We extracted the peak areas by using the three most intense isotopes (i.e.
M, M+1, M+2) coming from each glycopeptide ion.
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3. Results
Figure 1 presents three of four potential sites found to be glycosylated by N-linked
carbohydrates on rTF and includes Asn9/11, Asn124 and Asn137 (Figure 1a, 1b, 1c
respectively). The presence of carbohydrates on these three sites in TF protein was
previously observed [14,29]. We analyzed the sites of glycosylation and the composition of
the carbohydrates by a method described previously [27]. All N-linked carbohydrates share
a trimannosyl diacetylchitobiose core structure composed of two asparagine linked N-
acetylglucosamine (GlcNAc) molecules and three mannose (Man) residues (-Asn-
GlcNAc2Man3). To eliminate redundancies, we discuss in this manuscript the glycans that
extend from and do not include this core.

In rTF, we detected by LC-MS/MS that the first glycosylation site existed on two slightly
different peptide sequences. One peptide contained the expected amino acids after digestion
with trypsin (1-SGTTNTVAAYNLTWK-15), and the other peptide was missing serine and
glycine from the N-terminus of the protein (1-TTNTVAAYNLTWK-13). The absence or
truncation of the two amino acids in TF protein was previously reported [4,7]. We observed
that 76.8±0.1% of rTF exists as a truncated protein. Both protein forms, mature and
truncated, show comparable potential for glycosylation. We refer to the glycosylation sites
as Asn11 for the mature protein and Asn9 for the truncated protein. We treated the mature
and truncated protein as well as their glycosylation as a unique form representing this first
glycosylation site. Hence we calculated the relative abundance of each form relative to the
abundance of all forms added together. Figure 1a shows that the overall fractional
abundance of glycosylation on Asn9 and Asn11 is 20.0±0.02% in rTF. Therefore the
majority of that site exists as nonglycosylated in the recombinant protein. The
nonglycosylated peptide accounts for 60.5±3.3% on Asn9 and 19.4±0.6% on Asn11. In the
glycosylated form, the most abundant glycan on both Asn9 and Asn11 is a fucosylated core
(1038 Da) with a fractional abundance of 5.8±1.1% and 1.0±0.2% respectively. However,
the types of glycans that predominate are high mannose sugars which constitute the majority
of Asn9 and Asn11 sugars (fractional abundance of 8.3±0.01% and 1.9±0.03% respectively).
On the truncated form of the rTF, the greatest number of mannose residues attached to the
core is 4 residues (1540 Da) with a fractional abundance of 0.1±0.06% of the total. On the
mature form, the maximum number of mannose residues is 3 (1378 Da) with a fractional
abundance of 0.2±0.06% of total. For clarity, we refer to the next two glycosylated sites as
Asn124 and Asn137, following the numbering of the mature protein.

Figure 1b shows that Asn124 of rTF undergoes almost complete glycosylation, where
99.0±0.1% of the site is modified. The dominating glycan on this site is the 5 mannose sugar
(1702 Da) with a 45.5±0.4% fractional abundance. The largest high mannose glycan by
mass and the least abundant carbohydrate on this site is composed of 8 mannose residues
(2188 Da) with a fractional abundance of 0.3±0.03% of the total. Asparagine 124 is also
modified by hybrid carbohydrates. Hybrid and complex carbohydrates are described as
containing hexoses (Hex), including mannose, galactose and glucose (162 Da) and N-
acetylhexosamines (HexNAc), including N-acetylglucosamine and N-acetylgalactosamine
(203 Da). The most abundant, although the smallest among the hybrid glycans (1095 Da) on
Asn124, is HexNAc1 attached to the core with 8.1±0.9% by fractional abundance. A glycan
composed of Hex2HexNAc2 is the largest glycan ion by mass among the hybrid sugars
(1622 Da) but also the least abundant with 1.2±0.1% by fractional abundance. A small
portion, 0.6±0.05%, of Asn124 is modified by one Asn-linked GlcNAc. Interestingly,
Asn124 lacks fucosylated glycans.

Figure 1c shows the glycosylation pattern on Asn137 in rTF. Glycosylation of this site is
almost complete, with a fractional abundance of 97.6±0.1%. Asparagine137 is found on
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both a correctly cleaved peptide as predicted from the trypsin digest, and on a miscleaved
fragment, where arginine (Arg) 136 is attached to Asn137 (RAsn) due to incomplete
cleavage by trypsin. We calculated the fractional abundance of each glycopeptide on
Asn137 with the denominator being the total population of the properly cleaved plus the
miscleaved ion abundances [27]. The 4 mannose (1540 Da) sugar is the most abundant
glycan on this site constituting 25.2±1.3% of total. The largest high mannose carbohydrate
by mass is composed of 6 mannose (1864 Da) residues attached to the core with 3.3±0.3%
by fractional abundance. Fucosylated glycans make 35.2±0.1% of the sugars at this site with
the majority, 23.6±1.0%, being a fucosylated core (1038 Da). The largest fucosylated
carbohydrate by mass at this site is HexHexNAc2 (1606 Da) with 4.5±2.0% by fractional
abundance. Interestingly, 21.8±0.5% of Asn137 is modified by one GlcNAc (203 Da)
molecule attached to the Asn.

Figure 2 presents the carbohydrate analysis of pTF. Similar to rTF, the natural protein is
glycosylated on Asn9/11, Asn124 and Asn137. We analyzed the sites of glycosylation and
the composition of the carbohydrates by a method described previously and discussed for
rTF [27]. Detailed analyses of the proteolytic fragments revealed that pTF exists in two
forms, analogous to rTF. Most of pTF exists as a mature form with a fractional abundance of
68.4±0.4%, whereas the truncated form, TF des-1,2, constitutes 31.6±0.2%. Figure 2a shows
that glycosylation on Asn9 and Asn11 of pTF occupies 76.3±0.5% of that site. All of the
glycans on this site are fucosylated. Sialylated carbohydrates comprise 13.0±0.01% on Asn9
and of 44.1±0.03% on Asn11. The most abundant sialylated glycan on Asn9 is
Hex3HexNAc4SA1 (2631 Da) with a fractional abundance of 4.6±0.7% and on Asn11
Hex2HexNAc2SA2 (2353 Da) with a fractional abundance of 10.3±0.1% of total. Combined,
the most abundant sialylated carbohydrate on Asn9 and Asn11 is Hex2HexNAc2SA2 (2355
Da) with 11.4±0.1% by fractional abundance. When we sum the fractional abundances
based on glycan composition, on both the mature and truncated form, the most abundant
composition is the non-sialylated Hex2HexNAc3 (1971 Da) constituting 14.7±0.01% of
total. The remaining carbohydrates have a quite heterogeneous composition with varying
numbers of Hex, HexNAc and sialic acid (SA) molecules.

Figure 2b shows that Asn124 in pTF undergoes almost complete glycosylation with
97.8±0.06% by fractional abundance. The most abundant hybrid glycan, and at the same
time the most abundant glycan among the sialylated and non-sialylated sugars on this site is
Hex3HexNAc1 (1582Da) comprising 24.1±2.0%. The biggest hybrid glycan (2151 Da) and
the least prevalent glycan on this site (0.8±0.1%) are composed of Hex4HexNAc3. The
Hex2HexNAc1SA1 (1711 Da) is the predominant sialylated group composing 9.2±1.7% of
the carbohydrates. The largest of the sialylated sugars by mass is Hex3HexNAc3SA2 (2571
Da) with a fractional abundance of 5.9±0.4% of total. None of the glycans on Asn124 of
pTF are fucosylated.

Figure 2c shows that Asn137 in pTF exists mainly in the glycosylated form with a fractional
abundance of 97.5±0.08%. There are two almost equally abundant sialylated glycans. One
composition is Hex2HexNAc2SA1 (2060 Da) with a fractional abundance of 27.1±0.9%.
The second composition is Hex2HexNAc2SA2 (2352 Da) with a fractional abundance of
26.6±1.0%. The largest glycan by mass is Hex4HexNAc5SA2 (3285 Da) which constitutes
2.4±0.8% of total. All of the carbohydrates on Asn137 in pTF are fucosylated.

Figures 3, 4 and 5 compare the fractional abundances of the different types of carbohydrates
found at each site on rTF and pTF. The carbohydrate composition of rTF predominates in
high mannose glycans on all three sites with a fractional abundance of 10.0% on Asn9 and
Asn11, 82.8% on Asn124 and 40.6% on Asn137. High mannose glycans are absent in pTF.
Figures 3 and 5 show that fucosylation is extensive in the natural pTF with a fractional
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abundance of 76.4% on Asn9 and Asn11 and 97.5% on Asn137. In contrast, Figures 3 and 5
show that small fucosylated sugars constitute only 8.8% of all glycans on Asn9 and Asn11
and 35.2% on Asn137 in the rTF. A feature of pTF is the presence of SA on all three sites,
Asn11, Asn124, and Asn137, whereas sialylation does not exist in the insect-expressed rTF.
Figures 3, 4 and 5 demonstrate that sialylated carbohydrates comprise the majority of human
pTF glycans with fractional abundances of 57.2% on Asn9 and Asn11, 38.0% on Asn124
and 79.8% on Asn137. A difference between the two TF proteins is also observed in the
level of glycosylation. Figure 3 shows that the majority of rTF Asn9 and Asn11 is non-
glycosylated with a fractional abundance of 80.0±4.0%, whereas Asn9 and Asn11 in pTF
exist as non-glycosylated with a fractional abundance of only 23.6±1.7%. Figure 4 shows
that nonglycosylated Asn124 comprises a minute fraction of total in both rTF and pTF with
a fractional abundance of 0.9±0.06% and 2.1±0.3% respectively. Likewise, Figure 5 shows
that a small fraction of Asn137 is found as nonglycosylated in rTF and pTF, with a
fractional abundance of 2.3±0.5% and 2.4±0.2%, respectively.

4. Discussion
In the present study we used mass spectrometry to evaluate the relative quantitation and
composition of glycosylation between recombinant insect expressed human TF and natural
TF from human placenta. The type of analysis carried out in this study clearly defines
differences between glycan compositions among proteins from different sources, in this case
recombinant and natural human TF, but is limited to only glycan composition and can not be
used to define the structure of the glycans. Glycan structure analysis is best carried out by
releasing the glycan from the protein followed by permethylation and MSn analysis [30–32].
Our goal was to quantify any differences in the type of glycans attached to each
glycosylation site in relation to the ability of mammalian and insect cells to incorporate Asn-
linked carbohydrates [18]. The MS analysis that we performed is consistent with previously
published work that focused on similar goals [26,33].

We have chosen to convey the heterogeneity of glycosylation at each site for rTF and natural
pTF as fractional abundance versus glycan mass. Recent reports by Rebecchi and Thaysen-
Andersen demonstrate the validity of this approach for glycoprotein profiling [27,28].
However, both reports emphasize the limitation when sialic acid is present in the
glycopeptides. Neither report addresses the possibility of a fraction of the glycopeptide
existing in the nonglycosylated form and how the fractional abundance will compare to the
glycosylated forms. An earlier report by Jiang suggests that there will be a bias for detecting
glycopeptides without sialic acid over glycopeptides with sialic acid when the LC-MS is set
for positive ion mode [34]. This bias may extend to the nonglycosylated form of the
glycopeptide as well. Hence, the fractional abundance values for the nonglycosylated form
of the glycopeptides and those values for glycopeptides without sialic acid may be
overestimated relative to their sialic acid containing forms. Relative to our current goal in
this study, this overestimate does not detract from our ability to define the differences in
glycan composition between the two sources of TF. The possible overestimate also does not
underestimate the fact that our data convey the intensities of the different forms of the
glycopeptides as measured by the mass spectrometer using nanoelectrospray ionization.
Further work is required to define how much of a bias exists in ionization efficiency
between non-glycosylated, neutral and sialic acid containing glycopeptides.

The extracellular domain of TF contains regions of interaction with FVIIa and FX (Figure
6). The sites of interaction between TF, FVIIa, FX and the membrane have previously been
determined [9,11,35,36]. Asparagine 9, Asn11 and Asn137 are located in the region of
extensive FVIIa interaction. FX binding to the TF-FVIIa complex occurs close to the
membrane and in close proximity to Asn124. How glycosylation affects the interaction of
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TF with its molecular substrates is still unclear, however, our data suggests that
carbohydrates play a distinctive role. It is possible that the difference in the extent of
glycosylation on Asn9 and Asn11 contributes to the difference in the activity of the rTF and
natural pTF. The extent of glycosylation at this site may be affected by the degree of
truncation. However, other factors such as the carbohydrate compositions, potential altered
membrane distance and/or indirect effect on disulfide formation cannot be underestimated.
Glycosylation of Asn124 especially may be important provided its close location to the
membrane and FX recognition region. Further site directed studies are required to determine
the contribution of each glycosylated site. This study suggests that both the composition and
the extent of glycosylation may play a role in TF activity. In conclusion, various sources of
human TF such as lungs, brain, placenta and monocytes may exploit processes of protein
production and modification in the degree of protein truncation, the extent of glycosylation
and the type of carbohydrates added, to control its biological activity. These structural
differences, which result in different activities of TF proteins, could be significant in the
evaluation of TF function in vivo. Tissue factor-triggered thrombin generation and
consequential blood coagulation are threshold events, sensitive to minor changes in TF
concentration/activity [37]. Thus seemingly trivial differences in the specific in vitro activity
of recombinant and natural TF protein could extrapolate to notable differences in
downstream events in vivo. The influence of posttranslational modifications in general and
that of glycosylation in particular, on the activity of proteins, also becomes crucial in the
study of proteins used therapeutically as well as for diagnostic and research purposes
[21,38]. Analyses of structural and functional differences and similarities of the recombinant
and natural protein allow us to extrapolate our understanding and knowledge of tissue factor
in a biological setting.

Research highlights

► Natural human placental TF exhibits enhanced activity relative to a recombinant
form

► Major differences in carbohydrates and extent of glycosylation between the two
forms

► Extent and glycosylation type may augment TF activity in various systems/
tissues

► New insights into the biological contribution of carbohydrates on TF activity
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Fig. 1.
Graphs showing the fractional abundances of the non-glycosylated (NG) and glycosylated
peptides versus glycan mass for the three N-glycosylation sites on rTF: (a) Asn9 and Asn11
(truncated protein and full-length protein, respectively), (b) Asn124 and (c) Asn137. One
standard deviation of the mean of three measurements is shown as an error bar for each
fractional abundance. The figures above the graph define the glycan composition where the
symbol (●) represents Man/Hex, (■) represents GlcNAc/HexNAc and (▲) represents Fuc.
The numerical coefficients in front of each symbol designate the number of molecules of
each sugar in the glycan beyond the core.
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Fig. 2.
Graphs showing the fractional abundances of the non-glycosylated (NG) and glycosylated
peptides versus glycan mass for the three N-glycosylation sites on pTF: (a) Asn9 and Asn11
(truncated protein and full-length protein, respectively), (b) Asn124 (c) Asn137. One
standard deviation of the mean of three measurements is shown as an error bar for each
fractional abundance. The figures above the graph define the glycan composition where the
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symbol (●) represents Man/Hex, (■) represents GlcNAc/HexNAc, (▲) represents Fuc and
(♦) represents SA. The numerical coefficients in front of each symbol designate the number
of molecules of each sugar in the glycan.
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Fig. 3.
Comparison of the fractional abundances for the non-glycosylated (NG) and glycosylated
peptides containing Asn9/11 (truncated protein/full-length protein) in pTF and rTF. The
non-glycosylated peptide fractional abundance is 23.6% in pTF and 80.0% in rTF. Types of
glycans found on glycopeptides containing Asn9/11 in pTF include 19.2% fucosylated and
57.2% sialylated. Glycans on rTF include 1.1% Asn-linked N-acetylglucosamine (GlcNAc),
8.8% fucosylated and 10.0% high-mannose.
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Fig. 4.
Comparison of the fractional abundances for the non-glycosylated (NG) and glycosylated
peptides containing Asn124 in pTF and rTF. The non-glycosylated peptide fractional
abundance is 1.2% in pTF and 0.9% in rTF. Types of glycans found on glycopeptides
containing Asn124 in pTF include 59.7% hybrid and 38.0% sialylated. Glycans in rTF
include 0.6% Asn-linked N-acetylglucosamine (GlcNAc), 15.6% hybrid and 82.8% high-
mannose.
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Fig. 5.
Comparison of the fractional abundances for the non-glycosylated (NG) and glycosylated
peptides containing Asn137 in pTF and rTF. The non-glycosylated peptide fractional
abundance is 2.4% in pTF and 2.3% in rTF. Types of glycans found on glycopeptides
containing Asn137 in pTF include 17.6% fucosylated and 79.8% sialylated. Glycans on rTF
include 21.8% Asn-linked N-acetylglucosamine (GlcNAc ), 35.2% fucosylated and 40.6%
high-mannose.
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Fig. 6.
The extracellular domain of tissue factor (PBD 2HFT) on a modeled lipid membrane. The
figure shows in red the three sites of glycosylation on TF including Asn11, Asn124 and
Asn137. Highlighted in green are residues important for TF interaction with FVIIa including
Thr17, Lys20, Ile22, Glu24, Gln37, Asp44, Lys46, Lys48, Asp58, Thr60, Phe76, Tyr78,
Gln110, Leu133, Arg135, Phe140, Val207. Highlighted in magenta are residues important
for the interaction with FX including Thr154-Glu174 and Tyr185. Highlighted in aqua are
the residues important for TF interaction with the membrane including Gln118, Val119,
Thr121, Lys159, Asp180, Lys181, Glu183. Also shown in yellow are the two disulfide
bridges of TF at positions Cys49-Cys57 and Cys186-Cys209.
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