
Supporting Information
Figueiredo et al. 10.1073/pnas.1211614109

Fig. S1. Anophelin is intrinsically disordered in solution but structured when in complex with thrombin. (A) Prediction of natural disordered regions (VL-XT
predictor) (1) in the primary sequence of anophelinAa. Residues exceeding a threshold value of 0.5 are considered disordered. Similar results are provided by
other algorithms such as DisEMBL (2), GlobPlot (3), and PrDOS (4). (B) Experimental circular dichroism (CD) spectra of anophelinAa (black), anophelin1–31 (gray),
and anophelin32–61 (red) in water (0.025 mg/mL) are superimposed to the theoretical CD spectrum of thrombin-bound anophelin (blue; calculated with
DichroCal) (5).
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Fig. S2. Anophelins inhibit exosite I-disrupted γ-thrombin. γ-thrombin (5 nM) was preincubated with 5,000 nM inhibitor for 15 min. Inhibition levels (mean
values ± SEM) by WT anophelins, anophelin1–31, anophelin32–61, and anophelinAa mutants were determined by measuring the residual amidolytic activity of the
proteinase against 100 μM chromogenic substrate after a 20-min reaction.
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Fig. S3. Anophelin binding to immobilized human α-thrombin measured by surface plasmon resonance. Sensorgrams depict kinetics experiments for ano-
phelin mutants. Each set of experimental curves (green) represents decreasing concentrations of analyte in twofold dilution steps (the highest concentration
used is indicated). The black traces represent the fitted data according to the 1:1 Langmuir binding model. No residual binding was observed for R53A mutant
and anophelin1–31. RU, resonance unit.
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Fig. S4. Anophelin binds to both the active site and the exosite I of α-thrombin. (A) Thrombin (cartoon representation with light and heavy chains in yellow
and gray, respectively) in complex with anophelin (ball and stick model with nitrogen atoms in blue, oxygen in red, and carbon in green). Active site residues
are represented in ball and stick and color-coded as anophelin, except for carbon atoms (colored salmon). (B) Solid surface representation of thrombin (gray)
with exosites I and II highlighted in blue. Bound anophelin is represented as a stick model (colored as in A).
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Fig. S5. Comparison of anophelin with thrombin substrates and inhibitors. The coordinates of the thrombin·anophelin complex are superposed to the co-
ordinates of the (A) thrombin·protease-activated receptor 1 (PAR1) (1), (B) thrombin·haemadin (2), and (C) thrombin·hirudin (3) complexes. Thrombin is
represented as a gray cartoon, with selected residues as color-coded sticks (nitrogen atoms in blue, oxygen in red, and carbon in salmon) and active site residues
in color-coded ball-and-stick representation. Anophelin is represented in green (A) or color-coded [as for thrombin, except for carbon atoms (green); B and C].
Water molecules are shown as red spheres, and hydrogen bonds are represented by black dotted lines. (A) Despite the reversed direction of the respective
peptide chains (the N-terminal residue of each segment is highlighted in blue, and the C-terminal residue is in red), several residues of anophelin and PAR1
(pink) establish equivalent interactions with the proteinase. The side chain of AR53 occupies the S1 pocket of the enzyme, similar to PR41, despite the significant
distance (4.2 Å) between their Cα atoms. The preceding AP51 displaces the 60 loop of thrombin (2.4 Å for TW60D CZ3 in PAR1), partially overlapping with PP40
at binding site S2.

AL55 overlaps well with PL38 at the enzyme’s aryl-binding site (Cα atoms are 1.0 Å apart). (B) The HaR2 residue of the I14 family inhibitor,
haemadin (orange), occupies the S1 pocket of thrombin interacting with TD189 in a similar way to the way observed for anophelin AR53. (C) The acidic

Legend continued on following page
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Table S1. Anophelin binding increases the stability of human α-thrombin against thermal
denaturation

Inhibitor

Concentration (μM)

1 7.25 12.5 25 50

AnophelinAd 53.00 ± 0.50 61.00 ± 0.50 62.50 ± 0.50 64.25 ± 0.25 66.00 ± 0.00
AnophelinAg 60.00 ± 0.50 62.25 ± 0.25 64.75 ± 0.25 66.50 ± 0.00 66.50 ± 0.00
AnophelinAf 54.75 ± 0.25 58.75 ± 0.25 60.00 ± 0.00 61.50 ± 0.00 63.75 ± 0.25
AnophelinAs 52.75 ± 0.25 57.75 ± 0.75 59.50 ± 0.00 60.75 ± 0.25 61.50 ± 0.25
AnophelinAa 59.25 ± 0.25 62.50 ± 0.00 65.00 ± 0.00 65.50 ± 0.50 68.00 ± 0.00
Anophelin32–61 52.50 ± 0.00 60.00 ± 0.00 62.25 ± 0.25 64.00 ± 0.00 65.00 ± 0.00
Anophelin1–31 53.25 ± 0.25 53.25 ± 0.25 53.00 ± 0.00 53.50 ± 0.00 53.50 ± 0.00
AnophelinAa R54A 56.50 ± 0.00 60.75 ± 0.25 62.00 ± 0.25 63.00 ± 0.50 64.50 ± 0.00
AnophelinAa R54N 51.50 ± 0.00 58.00 ± 0.50 59.00 ± 0.00 60.50 ± 0.50 61.00 ± 0.00
AnophelinAa R54E 54.00 ± 0.00 57.25 ± 0.25 58.50 ± 0.00 59.50 ± 0.00 60.50 ± 0.00
AnophelinAa R53A 52.50 ± 0.00 52.50 ± 0.00 52.50 ± 0.00 53.00 ± 0.00 53.50 ± 0.00
AnophelinAa R53K 53.00 ± 2.00 58.25 ± 0.25 59.75 ± 0.25 61.00 ± 0.00 62.00 ± 0.00
AnophelinAa R53Q 53.00 ± 0.00 54.25 ± 1.25 56.50 ± 0.00 57.50 ± 0.00 58.40 ± 0.40
AnophelinAa R53H 53.50 ± 0.00 56.50 ± 0.00 57.50 ± 0.00 58.50 ± 0.00 59.25 ± 0.25
AnophelinAa D50A 48.50 ± 0.00 50.00 ± 0.00 51.50 ± 0.00 53.25 ± 0.25 54.50 ± 0.00
AnophelinAa D50E 50.25 ± 0.25 52.50 ± 0.00 55.75 ± 0.25 57.00 ± 0.00 58.50 ± 0.00
AnophelinAa D50N 50.50 ± 0.00 51.50 ± 0.00 53.75 ± 0.25 53.75 ± 0.25 55.00 ± 0.00

Thrombin stability to thermal denaturation was measured in the presence of increasing molar ratios of
anophelin variants by differential scanning fluorimetry. Melting temperatures (Tm) were determined as the
inflection points of the experimental curves and are given as mean values ± SD. In the absence of inhibitor,
thrombin displays a Tm of 52.50 ± 0.50 °C.

AE32-AF45 segment binds to the exosite I of the enzyme, similar to the negatively charged C-terminal portion of hirudin (blue), with a number of similar
interactions: the side chain of AF45 mimics the edge-on stacking with TF34 observed for HF56, despite the 4.4-Å distance between their Cα atoms, whereas the
main-chain nitrogen of TY76 donates an hydrogen bond to the side chain of AE43 or HE57.
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