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10 Abstract

11  The SARS-CoV-2 spike protein is known to bind to the receptor, ACE2, on the
12 surface of target cells. The spike protein is processed by membrane proteases,
13 including TMPRSS2, and is either internalised or fuses directly with the cell, leading
14 to infection. We identified a human cell line that expresses both ACE2 and
15 TMPRSSZ2, the RT4 urinary bladder transitional carcinoma, and used it to develop a
16  proxy assay for viral interactions with host cells. A tagged recombinant form of the
17  spike protein, containing both the S1 and S2 domains, binds strongly to RT4 cells as
18 determined by flow cytometry. Binding is temperature dependent and increases
19 sharply at 37°C, suggesting that processing of the spike protein is likely to be
20 important in the interaction. As the spike protein has previously been shown to bind
21 heparin, a soluble glycosaminoglycan, we used a flow cytometry assay to determine
22 the effect of heparin on spike protein binding to RT4 cells. Unfractionated heparin
23 inhibited spike protein binding with an 1Cso value of <0.05U/ml whereas two low
24  molecular weight heparins were much less effective. This suggests that heparin,
25 particularly unfractionated forms, could be considered to reduce clinical
26  manifestations of COVID-19 by inhibiting continuing viral infection. Despite the
27  sensitivity to heparin, we found no evidence that host cell glycosaminoglycans such

28 as heparan and chondroitin sulphates play a major role in spike protein attachment.

29
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30 Introduction

31 SARS-CoV-2, the causative agent of COVID-19, is thought to infect cells after
32 binding with high affinity to a host cell receptor, ACE2 (1). The ACE2 binding domain
33 is located in the spike protein that consists of two domains: S1, which has a high
34  affinity receptor binding domain (RBD) and S2, which contains sequences necessary
35 for fusion with the host cell. S1 and S2 are linked by a sequence that contains a
36 putative furin cleavage site that is critical for the entry of the virus into human cells
37  (2). A cell-surface host serine protease, TMPRSSZ2, is also thought to be involved in
38 viral entry and is proposed to cleave S1 and S2, leading to activation of the fusion
39 machinery (1). By analogy with SARS-CoV, it is expected that the virus can fuse at

40 the cell surface or later, following internalisation (reviewed in (3)).

41  Paradoxically, ACE2 is expressed at quite low levels by most cell types (e.g. (4)) and
42 by very few cell lines leading to suggestions that additional receptor sites must exist.
43  Viruses, such as herpes simplex and the B coronavirus family are known to interact
44 with host glycosaminoglycans (5). A growing body of evidence suggests that SARS-
45 CoV-2 can hind the glycosaminoglycans, heparan sulphate and heparin, dependent
46  on their level of sulphation (preprints (6-8)) and that heparin can inhibit SARS CoV 2
47  entry in to Vero cells. Initial binding to heparan sulphates is thought to keep the spike
48  protein within an ‘open’ conformation allowing for downstream binding and

49  processing of ACE2 and TMPRSS2 respectively (7).

50 Here we present a new assay for viral attachment to host cells, using a human
51  bladder epithelial cell line that expresses both ACE2 and TMPRSS2. The intact viral
52 spike protein, but not the isolated S1 domain, exhibit a temperature dependent

53 binding activity that allows rapid detection by flow cytometry. We have used this
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54 assay to confirm that heparin can inhibit viral infection but that heparan sulphates

55 alone might not constitute an additional viral attachment mechanism.

56

57 Materials and Methods

s8  Materials

59  Surfen, a glycosaminoglycan antagonist (S6951-5mg, Sigma) was stored as a 5mM
60  solution in DMSO. Unfractionated heparin (Leo, 1000U/ml), dalteparin (250001U/ml)
61 and enoxaparin (10000IU/ml) were obtained from the Royal Hallamshire Hospital

62  Pharmacy, Sheffield, UK.
63 Cell culture

64 The RT4 cell line was obtained from (ATCC® HTB-2™, American Tissue Type
65 Collection) and routinely cultured in McCoys 5A medium (Thermo Fisher Scientific)
66  supplemented with 10% foetal calf serum. The A549 cell line was obtained from the
67 European Collection of Animal Cell Cultures (ECACC) and routinely cultured in
68 DMEM supplemented with 10% foetal calf serum. Both cell lines were routinely sub-
69 cultured by trypsinisation and maintained in sub-confluent cultures. For heparinase
70 and chondroitinase treatment, RT4 cells were plated at 1x10%well in 6 well plates
71 overnight, washed once in Hanks' Balanced Salt Solution (HBSS) containing divalent
72 cations and then incubated for 3 hr with 0.5U/ml heparinase /11l (Merck) or 0.25U/ml
73 chondroitinase (Merck) diluted in McCoys 5A medium without serum. After washing
74  with HBSS, the cells were harvested by brief trypsinisation and used in the spike

75  protein binding assay.
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76  Spike protein binding assay

77 Cells were harvested by brief trypsinisation and added to wells of a 96-well U bottom
78  plate. After centrifugation at 300xg for 3 min and washing with HBSS containing
79  divalent cations and 0.1% bovine serum albumin (BSA) (assay buffer, AB), cells were
80 incubated with potential inhibitors in 50ul AB for 30 min at 37°C. The supernatant
81 was removed following centrifugation and 25ul of AB containing S1-Fc (Stratech UK)
82 or S1S2-His6 protein (Stratech UK) added before incubation at 4, 21 or 37°C for 60
83 min. Cells were washed once and then incubated with the appropriate fluorescently
84 labelled secondary antibody (anti-mouse Ig-FITC, Sigma; or anti-His6 HIS.H8
85  DyLight 488, Invitrogen) for 30 min at 21°C. Cells were finally resuspended in 50pl
86 AB containing propidium iodide and cell-associated fluorescence measured using a
87 Guava 2L-6HT flow cytometer. Live cells were gated as a propidium iodide negative
88  population and the median fluorescence (MFI) recorded. MFI was calculated after
89  subtraction of cell-associated fluorescence of the secondary antibody alone. Where

90 stated, the data were normalised to the untreated control cells.
91 Determination of spike protein binding to ACE2 by ELISA

92 ELISA plate wells (Maxisorb, Nunc) were coated with 1ug/ml recombinant human
93 ACE2 (Biotechne) in coating buffer (0.05M sodium bicarbonate buffer, pH 9.6)
94  overnight at 4°C. Following removal of excess ACE2, wells were washed twice with
95 PBS 0.05% Tween, blocked with PBS 0.05% Tween 0.2% BSA for 2 hr at 37 °C and
96 washed three times as previously. Various concentration of His-tagged spike
97 proteins in blocking buffer (or blocking buffer control) were added to the wells
98  (50ul/well) and incubated at 37 °C for 2 hr. Wells were washed three times as above

99 then incubated at room temperature with 50ul/well biotin-labelled rabbit monoclonal
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100 anti-His6 (Thermo Fisher Scientific) diluted to 1/1000 in blocking buffer for 1 hr,
101  washed 3 times and incubated for 30 min with 50ul/well streptavidin-HRP (Pierce)
102 diluted 1/200 in blocking buffer. After washing 3 times with PBS 0.05% Tween and
103  twice with dH,O, 50ul per well TMB substrate solution (Novex) was added followed

104 by 50ul 1M HCI to quench the reaction. Absorbance was measured at ODasonm.

105

106 Results

107 Selection of a cell line for viral attachment studies

108  The Protein Atlas database has information on mRNA expression in a wide variety of

109 human cell lines (https://www.proteinatlas.org; (9)). Although HaCaT skin

110  keratinocytes have the highest ACE2 expression, they do not express TMPRSS2
111  (Table 1). The Caco2 colorectal adenocarcinoma cell line expresses no ACE2 mRNA
112 but quite high levels of TMPRSSZ2; this cell line has been used in several infection
113  studies of SARS-CoV and SARS-CoV-2 (10). The urinary bladder epithelial
114  transitional-cell carcinoma cell line RT4 (11), expresses low levels of ACE2 but very
115  high levels of TMPRSS2, making this cell line a suitable choice for the study of viral
116  attachment. Of note, RT4 also expresses ADAM17, a metalloprotease known to be
117 involved in the processing of ACE2, and CD9, an adaptor protein that controls
118  ADAML17 trafficking and activity. Finally, RT4 cells also express rhomboid-like 2, a
119 protease known to associate with ADAM17. In contrast, the human lung
120 adenocarcinoma alveolar basal epithelial cell line A549 expresses neither ACE2 or
121 TMPRSS2, perhaps explaining why this cell line does not support infection by SARS-

122 CoV-2 (12).
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Table 1. Normalised mRNA expression values for ACE2 and potentially

associated membrane proteins in several cell lines.

RT4 A549 Caco2 HaCaT
ACE2 2.40 0.00 0.00 4.10
TMPRSS2 35.2 0.00 14.6 0.00
ADAML17 12.9 12.7 11.2 14.2
RHBDL2 6.00 18.8 5.50 13.9
CcD9 94.7 14.9 10.9 74.5

Normalised mRNA expression values are provided from the Protein Atlas database

(https://www.proteinatlas.orq).

Expression of ACE2 and ADAM17 at the surface of RT4 cells

We used flow cytometry to determine the expression of several membrane proteins
on RT4 and A549 cells. ACE2 was detected only on the surface of RT4 cells,

whereas both cell lines expressed ADAM17 (Fig 1).

Figure 1. Expression of ACE2 on the surface of RT4 but not A549 cells. RT4
and A549 cells were stained with goat anti-human ACE2 or mouse anti-human
ADAML17 antibodies and the appropriate fluorescent secondary antibodies. Panel A
shows the histograms for RT4 and A549 surface ACE2 and ADAM 17 expression
(black line) and the secondary-antibody only control (grey). Panel B shows the
relative expression on the two cells lines. MFI was calculated as a percentage of the

secondary antibody-only controls.

Binding of SARS-CoV-2 spike proteins to RT4 and A549 cells

7
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142 To detect spike protein binding, we used recombinant S1 and S1S2, tagged with
143 mouse Fc and His6, respectively. Following published binding studies for S1 (13),
144  binding was performed initially at 21°C, using fluorescently labelled secondary anti-
145  tag antibodies to stain cells for flow cytometry. Only a very low level of S1 binding to
146  RT4 cells was detected, and S1 binding to A549 cells was undetectable (S1 Fig). In
147  contrast, S1S2 protein bound strongly to subsets of both RT4 and A549 cells, with a
148  higher percentage of RT4 cells positive when compared to A549 cells (Fig 2A).
149  Binding was detectable from 100nM S1S2 (Fig 2B) but was not saturated at 330nM,
150 the highest concentration that could be used due to limited availability of the S1S2

151  protein.

152

153  Figure 2. Recombinant S1S2 SARS-CoV-2 spike protein binds to RT4 and A549
154  cells at 21°C. RT4 cells were incubated with His6-tagged S1S2 protein for 30 min at
155 21°C and then with anti-His6é secondary antibody labelled with Dylight 488. Cell
156  associated fluorescence was measured by flow cytometry. Panel A shows 330nM
157  S1S2 binding (red line) compared to secondary-only control (grey). The histograms
158 are representative of two separate experiments conducted in duplicate. Panel B
159  shows binding to RT4 cells measured as the number of cells more positive than the
160  secondary antibody alone expressed as a percentage of the secondary-only controls

161 (NA) for S1S2 from a single experiment conducted in duplicate.

162

163  To determine if the levels of detectable S1S2 binding to RT4 cells were being
164  affected by internalisation of the tagged protein, we performed binding experiments

165  at both 4°C, which should largely inhibit internalisation, and at 37°C, which should be
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166  permissive for internalisation. Surprisingly, the binding of S1S2 at 37°C was much
167  stronger than at 4°C or 21°C (Fig 3), with all cells stained. In contrast, S1 protein
168  binding was undetectable at 4°C and only slightly elevated at 37°C (Fig 3). We were
169 unable to determine the affinity of the interaction due to a limited availability of
170 recombinant S1S2, but binding was still increasing even at 330nM (Fig 4A),
171  suggesting a relatively low affinity interaction. This is in contrast to published reports
172 of the affinity of S1 for HEK cells overexpressing human ACE2 (~10nM) (13). Binding
173 to A549 cells at 37°C was much lower than to RT4 cells (Fig 4A, B) at all
174  concentrations tested although the cytometry histogram indicated that all cells could
175 bind some S1S2. This suggests that the binding at 37°C may be at least partly
176  dependent on ACE2 and/or TMPRSS2 expression. S1S2 must be internalised only
177  slowly, if at all, over the time course of the assay at 37°C. However, the temperature
178  dependency suggests that S1S2 might undergo a conformational change, perhaps

179  as a result of proteolytic processing at the cell surface.

180

181 Figure 3. S1S2 binding to RT4 cells dramatically increases at 37°C. RT4 cells
182  were incubated with 330nM S1-Fc (A, C) or 330nM S1S2-His6 protein (C, D) for 60
183 min at either 4°C (A, B) or 37°C (C, D), before staining with anti-mouse Ig labelled
184  with FITC or anti-His6 secondary antibody labelled with Dylight 488 for 30 min at
185 21°C. Cell-associated fluorescence was measured using flow cytometry. Grey shows

186  secondary-only control.

187 Figure 4. WT S1S2 binds more strongly to RT4 than to A549 cells. Panel A
188 shows a dose-response curve for S1S2 binding to RT4 and A549 cells at 37°C, for

189 S1S2. The data are the means from a single experiment conducted in duplicate.
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190 Panel B shows representative histograms of 100nM S1S2 binding to RT4 and A549
191 cells at 37°C (black lines), compared to secondary antibody alone (grey).

192

193
194 Unfractionated heparin inhibits S1S2 binding to RT4 cells

195 Having developed a novel assay that should mimic some aspects of SARS-CoV-2
196 infection, we used it to test potential inhibitors. Heparin has been reported to bind
197 directly to S1 and to interfere with SARS-CoV-2 infection (8) and so we tested the
198 effects of pre-incubating RT4 cells with heparin on the S1S2 binding at 37°C.
199  Unfractionated heparin (UFH) at 10U/ml inhibited 80% of 330nM S1S2 binding to the
200 cells (Fig 5A) and reached significance compared to untreated controls (Fig 5B).
201  Using 100nM S1S2, the inhibition by UFH was complete with an ICso of 0.033U/ml
202 (95% confidence interval 0.016-0.07) (Fig 6). This is far below the target prophylactic
203 and therapeutic concentrations in serum, 0.1-0.4U/ml and 0.3-0.7U/ml, respectively
204 (14, 15). In contrast, two low molecular weight heparins, dalteparin and enoxaparin,
205  were both only partial inhibitors, and were less potent than UFH (ICso values of 0.558
206 and 0.072IU/ml, respectively). Typical prophylactic and therapeutic serum
207 concentrations of LMWH are 0.2-0.51U/ml 0.5-1.2IU/ml (16), suggesting that
208 dalteparin may be used below the effective dose required for inhibition of viral

209 infection if used prophylactically.
210

211 Figure 5. Unfractionated heparin inhibits S1S2 binding to RT4 cells. RT4 cells
212 were pre-treated with 10U/ml unfractionated heparin for 30 min at 37°C before the
213  addition of 330nM S1S2. After a further 60 min at 37°C, cells were washed and

10
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214  fluorescent secondary anti-His6 added for a further 30 min at 21°C. Cell-associated
215  fluorescence was measured by flow cytometry. Panel A shows a representative
216  histogram with S1S2 binding (blue line), S1S2 binding after heparin treatment (black
217 line) and secondary antibody only (grey). Panel B shows the effects of 10U/ml
218  heparin pre-treatment on 330nM S2S2 binding, as a percentage of the S1S2 binding
219  to untreated (NA) control cells. Data are from four separate experiments in duplicate

220 +SEM. Significance to NA, ** p<0.01, one sample t test.

221  Figure 6. Concentration dependent inhibition of S1S2 binding by
222 unfractionated heparin and low molecular weight heparins, dalteparin and
223 enoxaparin. RT4 cells were pre-incubated with the stated concentrations of
224  unfractionated heparin, enoxaparin and dalteparin for 30 min at 37°C, then with
225 100nM S1S2 for a further 60 min at 37°C. After a further 60 min at 37°C, cells were
226 washed and fluorescent secondary anti-His6 added for a further 30 min at 21°C.
227  Cell-associated fluorescence was measured by flow cytometry and are shown as a
228  percentage of the S1S2 binding to untreated control cells. Data are the means + SD

229  of 2-3 experiments performed in duplicate.

230
231 Theinhibitory activity of heparin is specific to S1S2 binding to cells

232 ACE2 binding by both S1 and S1S2 proteins was detected in ELISA using
233 immobilised ACE2, with ECs values of ~20nM (S2 Fig A), similar to published data
234 (13). The presence of 10U/ml UFH did not interfere with the recognition of ACE2 (S2
235 Fig B). The effect of UFH was also not caused by blockade of the His6 tag-antibody
236 interaction (S3 Fig C), which was not affected in ELISA by concentrations of UFH of

237 500U/ml.

11
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238 No evidence for S1S2 binding to heparan sulphates on RT4 cells

239  An interaction with heparin suggests that S1S2 protein may also interact with
240 heparan sulphate glycosaminoglycans at the host cell surface, as has previously
241 been shown for SARS-CoV-1 (17) and more recently with SARS-CoV-2 (7). RT4
242  cells were treated for 3 hours with 0.5U/ml of a heparanase | and Ill blend, or
243  0.25U/ml chondroitinase before S1S2 binding was tested. Neither treatment resulted
244 in a significant reduction in S1S2 binding (Fig 7A). Surfen, a glycosaminoglycan
245  antagonist, has been shown to completely inhibit FGF2 binding to heparan sulphates
246 on CHO cells at concentrations between 5-20uM (18). Treatment of RT4 cells with
247  16.5uM-0.45uM surfen, resulted in only a ~40% reduction in S1S2 binding (Fig 7B).
248 These data suggest that heparan sulphates play only a minor role in spike protein

249  attachment to host cells.
250

251  Figure 7. Removal or blockade of heparan sulphates has only minor effects on
252  S1S2 binding. RT4 cells were pre-treated with heparinase I/lll or chondroitinase
253  (Panel A) for 3 hrs or surfen for 30 min (Panel B) at 37°C before incubation with
254 100nM S1S2 for a further 60 min at 37°C. After a further 60 min at 37°C, cells were
255 washed and fluorescent secondary anti-His6 added for a further 30 min at 21°C.
256  Cell-associated fluorescence was measured by flow cytometry and are shown as a
257  percentage of the S1S2 binding to untreated control cells. Panel A, data are the
258 means + SD from two separate experiments performed in duplicate. Panel B, data

259 are the means + SD of four separate experiments conducted in duplicate.

260

12
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261 Discussion

262  We have demonstrated that intact recombinant S1S2 spike protein but not the S1
263 domain from SARS-CoV-2 can bind strongly to a human cell line that expresses
264 ACE2 and TMPRSS2. We have developed this as an assay to test potential
265 inhibitors of viral infection and shown that UFH and two low molecular weight
266  heparins (LMWH) in use clinically can inhibit S1S2 binding. The same activity profile
267 for UFH and one LMWH (enoxaparin) has been demonstrated in SARS-CoV-2
268 infection of Vero cells (8). These authors also showed that heparin could interact
269 with recombinant S1 RBD and cause conformational changes, leading to the
270  suggestion that SARS-CoV-2 might use host heparan sulphates as an additional
271 attachment site during infection. Although our data supports the inhibitory activity of
272 UFH, it does not support the conjecture that heparan sulphates are essential for viral
273 infection. Studies have also suggested the importance of differing glycan sulphation
274  states in different tissues as an explanation for viral tropism. Recently, SARS-CoV-2
275  spike protein S1 has been shown to bind heparan sulphates with varying degrees of
276  sulphation with differing affinities; chain length and 6-O-sulphation were particularly
277  important (7). Furthermore, heparin could also be inhibiting host proteases that are

278  necessary to process the spike protein, as previously hypothesised (19).

279 LMWH are smaller (<8kDa) than UFH, which is a mix of polysaccharide chain
280 lengths from ~5-40kDa, and have more predictable pharmacokinetics (20). LMWH
281 are commonly used both prophylactically and therapeutically in COVID-19 patients
282  and have been reported to improve patient outcome (21)). Our work and the work of
283  Mycroft-West et al (8) suggests that thought be given to the earlier use of heparin

284  when viral infection is still an important driver of disease severity. The use of UFH

13
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285 rather than LMWH should also be considered, although we note that administration

286  and the safety profile of UFH might preclude this in some cases (22).

287 In conclusion, we have developed a simple flow cytometric assay for SARS-CoV-2
288 spike protein binding to human cells, confirming an earlier finding concerning
289  inhibition of whole live virus binding to African green monkey cells using heparin. Our

290 new assay could be a useful first screen for novel inhibitors of coronavirus infection.

291
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353 Supporting information

354 S1 Fig. S1-Fc binding to RT4 and A549 cells is very low. RT4 or A549 cells were
355 incubated with 330nM mouse Fc-tagged S1S2 protein for 30 min at 21°C and then
356 with anti-mouse Ig secondary antibody labelled with FITC. Cell associated
357 fluorescence was measured by flow cytometry. The histograms show S1 binding
358 (black line) compared to secondary-only control (grey) and are representative of

359 several separate experiments conducted in duplicate.

360 S2 Fig. S1S2 binds to ACE2 in ELISA and binding is not inhibited by

361 unfractionated heparin. In panels A and C, recombinant human ACE2 was
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362 immobilised on an ELISA plate. For C, 10U/ml of unfractionated heparin was added
363 for 30 min at 37°C. Recombinant human S1S2 was incubated at the stated
364 concentrations (A) or at 65nM (C) for 2 hrs before the addition of biotinylated anti-
365 His6 antibody (S1S2) or an anti-mouse Ig antibody labelled directly with horseradish
366 peroxidase (S1). Bound S1S2 was visualised using streptavidin-horseradish
367 peroxidase and developed using TMB. In panel B, two His6-tagged proteins (human
368 Cba and SARS-CoV-2 S1 RBD) were immobilised on the plate before visualisation
369 using streptavidin-horseradish peroxidase and developed using TMB. The
370 absorbance was measured at 450nm. Data are the results of single experiments

371 performed in duplicate (A, B) or in triplicate (C).

17


https://doi.org/10.1101/2020.05.21.107870
http://creativecommons.org/licenses/by-nd/4.0/

Event count

Event count

ADAM17

ACE2

RT4

100 10" 102 10°  10* 105
Green-B Fluorescence (GRN-B-HLog)

A549

RT4

10© 10" 102 10° 10 108
Green-B Fluorescence (GRN-B-HLog)

A549

100 10" 102 10®  10*  10°
Green-B Fluorescence (GRN-B-HLog)

10© 10" 102 10® 0% 10
Green-B Fluorescence (GRN-B-HLog)

1 RT4
400+ El A549 WT

100----- SRS Y

T T
ADAM17 ACE2


https://doi.org/10.1101/2020.05.21.107870
http://creativecommons.org/licenses/by-nd/4.0/

>

Event count

100

Green-B Fluorescence (GRN-B-HLog)

RT4
FHI
.,.rf"ﬂ
10" 102

\

W'W'JL.‘_W

108

10

10°

Event count

A549 f"h
|

)

7
o

IM'“’I‘-UJ

100 10" 102 10®  10*  10°
Green-B Fluorescence (GRN-B-HLog)

Binding (% control)

800

600

400

200

EE N

& S
K

QO
\)
ad


https://doi.org/10.1101/2020.05.21.107870
http://creativecommons.org/licenses/by-nd/4.0/

Event count

Event count

S1

109 10" 102 10® 10* 10°

Green-B Fluorescence (GRN-B-HLog)

37°C

10 10" 102 10% 10* 10°
Green-B Fluorescence (GRN-B-HLog)

Event count

Event count

S$1S82

i%‘”‘*‘l"”"w \J

10 10" 102 103 10* 100
Green-B Fluorescence (GRN-B-HLog)

N

10© 10" 102 10%  10*  10°
Green-B Fluorescence (GRN-B-HLog)


https://doi.org/10.1101/2020.05.21.107870
http://creativecommons.org/licenses/by-nd/4.0/

vy

Event count

& A549
= 400 —— RT4
=
g‘ 300
©
£
m 200-
100-
| I | |
-9 -8 -7 -6
Log ([S1S2] nM)
RT4 A549
5
i

100 10" 102 10 10*  10°
Green-B Fluorescence (GRN-B-HLog)

10© 10" 102 103 10*  10°
Green-B Fluorescence (GRN-B-HLog)


https://doi.org/10.1101/2020.05.21.107870
http://creativecommons.org/licenses/by-nd/4.0/

Event count

LI B L L B A |

100 10! 102 10%  10*  10°

Green-B Fluorescence (GRN-B-HLog)

$1S2 binding (% control)

120

100

A O o
T T

X)
T

*%

o

I
NA Heparin


https://doi.org/10.1101/2020.05.21.107870
http://creativecommons.org/licenses/by-nd/4.0/

20-

$1S2 binding (% control)
(e7)
o
]

o
l

o Enoxaparin
ICg=0.072U/ml
° Unfractionated heparin
N O IC5,=0.033U/m
\ .
Dalteparin

|C50=0558U/m|

log [heparin] (U/ml)


https://doi.org/10.1101/2020.05.21.107870
http://creativecommons.org/licenses/by-nd/4.0/

1 I 1 1 1 I 1
© O O O o o o
N O o O < «

D

m (103u0d %) Buipuiq zsis

I

o
N >2] © < N
- -

(lonuoa 9,) Buipuiq ZsLS
<

I I
o o o o o o
o

log [Surfen] (uM)


https://doi.org/10.1101/2020.05.21.107870
http://creativecommons.org/licenses/by-nd/4.0/

