
 1 

Supplementary Material to Chen et al. “A novel Gly74Ser mutation in protein C causes 
venous thrombosis due to a defect in its protein S-dependent anticoagulant function” 
(https://doi.org/10.1160/TH17-01-0043)  

 
 

 

Haemostasis assays 

Routine coagulation screening assays including prothrombin time (PT), activated partial 

thromboplastin time (aPTT), fibrinogen (Fg), thrombin time (TT), d-dimer (DD) and 

fibrinogen/fibrin degradation products (FDP) were performed in all individuals in this study as 

manufacturer’s instructions on an ACL-TOP automatic coagulometer (Instrumentation 

Laboratory, Bedford, MA，USA). Activities of plasminogen (PLG) and α2-antiplasmin (α2-AP) 

were measured by chromogenic assays (Instrumentation Laboratory, Bedford, MA). 

Thrombophilia screening tests including the activities of antithrombin (AT:A) and free protein S 

antigen (FPS:Ag), lupus anticoagulant (LA), anticardiolipin antibody (ACA), anti-β2 glycoprotein 

1 (anti-β2GP1) and total homocysteine (Hcy) were assayed as described previously (1). The 

protein C antigen (PC:Ag) level was tested with the ZYMUTEST Protein C antigen assay kit 

(Hyphen BioMed, Neuville-Sur-Oise, France). The protein C activity (PC:A) levels in plasma 

were determined by both amidolytic activity assay(Instrumentation Laboratory, Bedford, MA, 

USA) and aPTT assay using the Staclot Protein C Activity Assay kit (Diagnostica Stago, 

Asnieres, France) in accordance with the manufacturer’s instructions and as described (2). 

 

Construction, expression, and purification of recombinant proteins 

Both wild-type and Gly-74 to Ser (G74S) substitution mutant of protein C were 

expressed in human embryonic kidney (HEK-293) cells as described. The protein C derivatives 

were isolated from cell culture supernatants by a combination of immunoaffinity and ion 

exchange chromatography using the HPC4 monoclonal antibody immobilized on Affi-gel 10 and 
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a Mono Q column, respectively, as described (3). The zymogens (1 mg) were converted to 

activated protein C (APC) by thrombin (25 μg) in 0.1 M NaCl, 0.02 M Tris-HCl, pH 7.4 (TBS) 

containing 5 mM EDTA for 2 h at 37°C and APC derivatives were separated from thrombin 

using Mono Q column developed with a 40 mL linear gradient from 0.1 to 1.0 M NaCl. The 

properly γ-carboxylated APC derivatives were eluted at ~0.45 M NaCl as described (3). The 

concentrations of APC derivatives were determined from the absorbance at 280 nm assuming a 

molecular mass of 56 kDa and an extinction coefficient (E1%
1cm) of 14.5, and by stoichiometric 

titration of enzymes with known concentrations of recombinant protein C inhibitor (PCI) as 

described (3). Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) was 

performed on a 10% polyacrylamide gel and stained with Coomassie Blue R-250 to verify 

homogeneity and quality of both wild-type and mutant APC derivatives under non-reducing 

conditions. The recombinant proteins including PCI and soluble TM (sTM) were expressed and 

purified as described (3,4). 

Human plasma proteins factor Xa (FXa), prothrombin, antithrombin (AT) and FVa were 

purchased from Hematologic Technologies Inc. (Essex Junction, VT). FVa Leiden, purified from 

the plasma of a homozygous patient was a generous gift from Dr. Charles Esmon (Oklahoma 

Medical Research Foundation, Oklahoma City, OK). Human protein S deficient plasma was 

purchased from Affinity Biological Inc. (Ontario, Canada). Human recombinant FVIIIa was a 

generous gift from Dr. Philip Fay (University of Rochester, Rochester, NY). Human protein S 

was purchased from Enzyme Research Laboratories (South Bend, IN). Phospholipid vesicles 

containing 80% phosphatidylcholine and 20% phosphatidylserine (PC/PS) were prepared as 

described. APTT reagent (Alexin) was purchased from Trinity Biotech (St. Louis, MO). Normal 

pooled plasma was purchased from George King Bio-Medical, Inc. (Overland Park, KS). 

Chromogenic substrates, Spectrozymes PCa (SpPCa) and FXa (SpFXa) were purchased from 

American Diagnostica (Greenwich, CT) and S2238 was purchased from Kabi 

Pharmacia/Chromogenix (Franklin, OH).  
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Protein C activation 

The initial rate of activation wild-type and G74S protein C by thrombin was measured in 

both the absence and presence of sTM as described (2.3). In the absence of sTM, the time 

course of protein C activation by thrombin (50 nM) was studied at room temperature in 0.1 M 

NaCl, 0.02 M Tris-HCl, pH 7.4(TBS) containing 0.1 mg/ml BSA, 0.1% PEG 8000 and 2.5 mM 

Ca2+ (TBS/Ca2+) in 96-well assay plates. At different time intervals, thrombin activity was 

quenched by 0.5 µM of the AT-heparin complex, and the rate of APC generation was monitored 

from the cleavage rate of SpPCa at 405 nm by a Vmax Kinetic Microplate Reader (Molecular 

Devices, Menlo Park, CA). In the presence of sTM, the same procedures were used with the 

exception that the activation by thrombin (1.0 nM) was monitored in the presence of sTM (10 

nM). The concentration of APC in reaction mixtures was determined by reference to a standard 

curve which was prepared by the total activation of protein C derivatives with excess thrombin at 

the time of experiments.  

 

Cleavage of chromogenic substrates 

The steady-state kinetics of hydrolysis of SpPCa (6–800 μM) by both wild-type and 

G74S APC (5 nM) was measured in TBS/Ca2+ at 405 nm at room temperature in a Vmax Kinetic 

Microplate Reader as described above. The Km and kcat values for the substrate hydrolysis were 

calculated from the Michaelis-Menten equation and the catalytic efficiencies were expressed as 

ratios of kcat/Km as described (2,3). 
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Suppl. Figure 1: Analysis of amidolytic activity of APC-WT and APC-G74S. The steady-state 

kinetics of hydrolysis of SpPCa (6–800 μM) by both APC-WT () and APC-G74S () (5 nM 

each) was monitored in TBS/Ca2+ at 405 nm at room temperature in a Vmax Kinetic Microplate 

Reader. Analysis of kinetic parameters by Michaelis-Menten equation yielded Km and kcat values 

of 178.8 ± 12.3 µM and 3.3 ± 0.1 s-1 for APC-WT and 179.3 ± 13.2 µM and 3.1 ± 0.1 s-1 for APC-

G74S, respectively.  

 

Inhibition by plasma inhibitors 

The inactivation of APC-WT and APC-G74S by plasma inhibitors was evaluated by 

incubating the proteases (20 nM) with normal plasma at 37 °C. At different time points, aliquots 

were removed, and the residual amidolytic activity was determined using the chromogenic 

substrate SpPCa as described above. The half-life of each protease was calculated based on 

the time required to achieve 50% inhibition of the amidolytic activity.  
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Molecular modeling 

The structural model of the APC Gla-EGF1 domains was built based on the x-ray crystal 

structures of the Gla-domain of prothrombin and active-site inhibited Gla-domainless APC (5-8). 

The angle between EGF1 and Gla domains was taken from the x-ray structure of factor VIIa (9). 

Alternative orientations of the EGF1 domain with regard to the Gla domain were also 

investigated based on the structural model of full length factor IXa (10). In all cases, Gly-74 is 

fully solvent exposed and located in a loop structure in a region of the EGF1 domain involved in 

Ca2+ binding near the last helix of the Gla-domain. The figure was generated using the PyMol 

molecular graphic program (Schrodinger, Cambridge, USA) while additional structural analyses 

were performed using Chimera and the crystallographic package CCP4 (11,12). Geometry 

optimization of the APC model structures was carried out with Molecular Modeling Toolkit 

(MMTK) (13). 

Fragment mapping approach (FTMAP) was used to predict hotspot regions on the 

surface of the APC and protein S Gla-EGF1 regions (14). The model structures of protein S and 

APC were used as input for protein-protein docking experiments (5,6,8). The pyDock package 

was used for the computations as described (15-17). One hundred different models of the 

complex were generated and structures in which the two omega loops of the two proteins were 

not pointing in the same direction (i.e., these two loops should insert the membrane and thus 

point in the same direction) were filtered out. Four different structures remained but only one 

model was found to fit with the various site directed mutagenesis studies cited in this article.  
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