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Summary
Background—Most ADAMTS13 assays use non-physiological conditions (low ionic strength,
low pH, barium chloride), are subject to interference from plasma proteins, hemoglobin and
bilirubin, and have limited sensitivity, especially for inhibitors.

Objectives—We addressed these constraints by designing a substrate that can be used in
undiluted plasma.

Methods—A polypeptide was expressed in E. coli that corresponds to von Willebrand factor
Gln1599-Arg1668, with mutations N1610C and K1617R and an N-terminal Gly. Substrate FRETS-
rVWF71 was prepared by modifying Cys1610 with DyLight 633 (abs 638 nm, em 658 nm) and the
N-terminus with IRDye QC-1 (abs 500-800 nm). Assays were performed at pH 7.4 in 150 mM
NaCl, 10 mM CaCl2.

Results—Serum and plasma anticoagulated with citrate or heparin had equivalent ADAMTS13
activity with FRETS-rVWF71. Neither bilirubin (≤20 mg/dL) nor hemoglobin (≤20 g/L) interfered
with product detection. Assays with FRETS-rVWF71 and FRETS-VWF73 gave similar results
(R2 = 0.95) for plasma from 80 subjects with thrombotic microangiopathy, 22 subjects with other
causes of thrombocytopenia, and 20 healthy controls. The limit of detection with FRETS-rVWF71
for ADAMTS13 activity was ≤0.3%. Inhibitor assays with FRETS-rVWF71 gave titers ~2.5-fold
higher than with FRETS-VWF73 and clearly distinguished patients with and without inhibitors.

Conclusions—FRETS-rVWF71 is suitable for ADAMTS13 assays in minimally diluted plasma
or serum without interference from proteins, bilirubin or free hemoglobin in plasma. Optimized
detection of ADAMTS13 inhibitors will facilitate the monitoring of antibody responses during the
treatment of thrombotic thrombocytopenic purpura.
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Introduction
Thrombotic thrombocytopenic purpura (TTP) is characterized by microangiopathic
hemolytic anemia, thrombocytopenia, and tissue damage caused by microvascular
thrombosis. Congenital TTP is caused by inherited deficiency of ADAMTS13, a
metalloprotease that cleaves von Willebrand factor (VWF) multimers at the Tyr1605-Met1606

bond in the A2 domain. Idiopathic TTP in adults is usually caused by autoantibodies that
inhibit ADAMTS13 activity or promote ADAMTS13 clearance from plasma [1, 2].
Idiopathic TTP is usually fatal without treatment, but plasma exchange therapy has reduced
the morality rate to <20% [3].

The ability to assay plasma ADAMTS13 was a crucial advance in understanding the
pathogenesis of TTP. The first generation of assays used VWF as the substrate with urea or
guanidine hydrochloride to expose the cleavage site in the VWF A2 domain [4-6]. These
assays were groundbreaking, but technically challenging and difficult to automate.

Many of these problems were circumvented by the development of FRETS-VWF73 [7], a
fluorogenic substrate that corresponds to VWF Asp1596-Arg1668 (73 residues). Results with
FRETS-VWF73 have been congruent with assays based on VWF substrates, with increased
sensitivity and precision [7-10].

Despite these attributes, FRETS-VWF73 has some limitations. The nonphysiological assay
conditions (pH 6.0, no NaCl) [7] can alter the interaction of ADAMTS13 with substrates or
inhibitors [11]. In addition, its N-methyl anthranilate moiety absorbs at 340 nm and emits at
450 nm, which makes assays susceptible to interference from autofluorescence, absorbance
and quenching by plasma proteins, hemoglobin and bilirubin [12]. To avoid this
interference, plasma is diluted ≥1:20, which limits assay sensitivity to ~3-5% of normal
ADAMTS13 levels and prevents the detection of some inhibitors [9, 10, 13]. Also,
dissociation of ADAMTS13-inhibitor complexes during the assay can lead to overestimation
of ADAMTS13 activity for patients with low titer inhibitors [13].

We addressed these issues by designing the fluorogenic substrate FRETS-rVWF71, which is
similar to FRETS-VWF73 but with a recombinant peptide backbone and brighter dyes that
absorb at wavelengths where plasma is almost transparent. This substrate is compatible with
minimally diluted plasma under physiological conditions of pH and ionic strength, which
permits highly sensitive assays for ADAMTS13 activity and inhibitors.

Materials and Methods
Plasmid Constructs

DNA encoding VWF Gln1599-Arg1668 was amplified from pSVHvWF1 [14] using primers:

Forward,
GGTATTGAGGGTCGCGAGAACCTTTATTTCCAGGGCCAGGCGCCC

Reverse, AGAGGAGAGTTAGAGCCTCACCTCTGCAGCACCAGGTC
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The PCR product was inserted [15] into pET-32 Xa/LIC (Novagen). Mutations N1610C and
K1617R were introduced to yield pET32XaTEVvWF71, which encodes thioredoxin, a His-
tag, a TEV cleavage site, a Gly residue, and VWF Gln1599-Arg1668.

Recombinant Peptide Preparation
E. coli BL21 (DE3) transformed with pET32XaTEVvWF71 was grown at 37 °C in LB
medium, 50 μg/mL ampicillin. Log-phase cultures were induced with 1 mM isopropyl β-
D-1-thiogalactopyranoside for 4 hours. After centrifugation, cells were lysed in 10 mL/g of
B-PER Protein Extraction Reagent (Pierce), 250 U/mL benzonase (Novagen), 10 μL/mL
Halt Protease Inhibitor Cocktail (Pierce) and 1 mM phenylmethylsulfonyl fluoride for 15
min at room temperature. After centrifugation (20,000 × g, 15 min, 4 °C) the supernatant
was diluted 1:1 with His-buffer (20 mM sodium phosphate, pH 7.4, 500 mM NaCl, 10 mM
imidazole), adsorbed on 5 ml Ni-NTA agarose (Agarose Beads Technologies, Spain), and
eluted with 300 mM imidazole in His-buffer. The eluate was concentrated to 10 mL by
ultrafiltration and dialyzed (Slide-A-Lyzer MWCO 7,000, Pierce) against 50 mM Tris-HCl,
pH 8.0, 1 mM dithiothreitol, and 0.5 mM EDTA.

His-tagged TEV protease [16] was added (100 μg/10 mg of protein) for 16-20 h at room
temperature. The solution was dialyzed against His-buffer (Slide-A-Lyzer, MWCO 3,000).
TEV protease was removed by adsorption on Ni-NTA agarose. Dithiothreitol (10 mM) was
added and VWF71 was purified by HPLC on a C18 column (300 Å, 5 μm, 150 × 10 mm,
GraceVydac) in buffer A (50 mM triethylammonium acetate (TEAA), pH 6.0) at 2 mL/min
followed by a 35 min gradient of 35%-75% buffer B (60% acetonitrile/40% 50 mM TEAA,
pH 6.0). Alternatively, the column was equilibrated with 0.1% trifluoroacetic acid (TFA)
and developed with a gradient of 20%-90% buffer C (0.092% TFA, 90% acetonitrile).
Fractions containing VWF71 were lyophilized, dissolved in 100 mM sodium phosphate, pH
7.1, and desalted on PD-10 (GE Healthcare).

Fluorescent Dye Labeling
DyLight 633 maleimide (abs 638 nm, em 658 nm, ε 170,000 M−1 cm−1, Thermo Scientific)
1 mg/100 μL in dimethyl sulfoxide (DMSO) was added to VWF71 (10 mg) in ≤2 mL of 100
mM sodium phosphate, pH 7.1, in the dark, and stirred overnight at room temperature.
DyLight 633-rVWF71 was purified by HPLC with TEAA/acetonitrile, lyophilized and
desalted on PD-10 in ≤2 mL of 100 mM sodium phosphate, pH 7.9. IRDye QC-1 N-
hydroxysuccinimide ester (abs 737 nm, ε 96,000 M−1 cm−1, LI-COR) 0.5 mg in 100 μL
DMSO was added with stirring overnight in the dark. Product FRETS-rVWF71 was purified
by HPLC, lyophilized, dissolved in ≤0.5 mL water and applied onto a column (7 × 230 mm)
of Amberlite IR120 sodium form (Dow Chemical Company). FRETS-rVWF71 was eluted
with water and concentrated to ≥250 μM as determined by amino acid analysis (The Protein
Chemistry Laboratory, Texas A&M University) and stored at −20°C.

FRETS-rVW71 ADAMTS13 Activity Assays
For routine assays, up to 100 μL of test sample (plasma or serum) and 10 μL protease
inhibitor solution composed of 2 μL of 10 mM phenylmethylsulfonyl fluoride, 3 μL of Halt
inhibitor cocktail and 5 μL assay buffer (50 mM HEPES, pH 7.4, 150 mM NaCl, 10 mM
CaCl2, and 0.05% Tween-20) to make 110 μL total volume were added to 96 well white
microplates (Optiplate-96, PerkinElmer) at 30 °C. Plasma samples were usually assayed
using 25 μL and 100 μL plasma. A standard curve was constructed with 0, 5, 10, 25, 50, 75
and 100 μL pooled normal Li+-heparin plasma (PNP), with assay buffer added to make 110
μL total volume. Assays were initiated by adding 90 μL of 2.2 μM FRETS-rVWF71 in
assay buffer for a final assay volume of 200 μL. Negative control assays were performed
similarly with 10 mM EDTA. Cleavage was detected as an increase in fluorescence using a
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Victor2V Multilabel Counter (PerkinElmer) or Synergy H1 Hybrid Multi-Mode Microplate
Reader (Biotek) with 635 ± 10 nm excitation and 660 ± 10 nm emission filters. Initial
velocities were determined by fitting progress curves to ΔF(t) = A + Bt + Ct2, where ΔF(t) is
the change in fluorescence at time t, A is the y-intercept, B is the initial velocity (slope), and
the term Ct2 accounts for any decline in velocity due to substrate consumption or
photobleaching. The PNP standard curve was fit to B(v) = D + Ev + Fv2, where v is the
volume of PNP added. Values for test samples were interpolated.

FRETS-rVWF71 assays with citrated plasma samples contained 10 U/mL heparin to prevent
clotting. ADAMTS13 activity was assayed with 25 μL citrated plasma and for samples with
ADAMTS13 activity <3% assays were repeated with 100 μL plasma for highest sensitivity.

FRETS-rVWF71 ADAMTS13 Inhibitor Assay
For standard inhibitor assays, Li+-heparin plasma samples with ADAMTS13 activity <20%
are serially diluted (without heat treatment) in assay buffer. 50 μL PNP is mixed with 50 μL
test plasma dilutions in 96 well white microplates. We have tested heat inactivation and it
makes almost no difference in the inhibitor titers for samples with ADAMTS13 activity
<20%. Citrated plasma samples were assayed similarly except that 10 U/mL heparin was
added. Microplates were sealed with adhesive film and incubated at 37 °C for 1 h. Reaction
was initiated by adding 90 μL of assay buffer containing 2.2 μM FRETS-rVWF71. The
inhibitor titer was determined by fitting initial reaction rates to a sigmoidal dose response
equation by nonlinear regression:

Rate(D) is the initial rate with test plasma at dilution D, Max is the rate without test plasma,
Min is the rate with no enzyme, H is the Hill slope, and T is the inhibitor titer in “Bethesda-
like” units (U). 1 U reduces ADAMTS13 activity 50%. Titers are reported for a decrease in
ADAMTS13 of ≥30% (inhibitor ≥0.4 U).

FRETS-VWF73 Assays
FRETS-VWF73 activity assays were performed as described [7] but with 10 μL of citrated
plasma per 500 μL total assay volume. Inhibitor assays were performed for samples with
ADAMTS13 activity <5%, according to BloodCenter of Wisconsin standard procedures.
Test plasma was incubated at 56 °C for 30 minutes, then mixed with an equal volume of
citrated PNP for 1 hour at room temperature before assay.

Hemoglobin was prepared by hypotonic lysis of red blood cells and quantified with
Drabkin’s reagent (Sigma).

FRETS-rVWF71 kinetics
Cleavage by plasma ADAMTS13 (50 μL) was assessed in 200 μL reactions containing
assay buffer and 0.25-12 μM FRETS-rVWF71. ADAMTS13 in pooled normal plasma
(PNP) is ~1.03 μg/ml [17] or ~6 nM. The fluorescence yield of product was determined by
cleaving FRETS-rVWF71 to completion with recombinant ADAMTS13 MDTCS [18].
Initial velocities were fitted to the Michaelis-Menten equation by nonlinear regression
analysis (Prism, GraphPad).

Healthy Controls and Subjects with TTP
Serum was prepared by clotting whole blood at room temperature for 30-60 minutes and
centrifugation at 2500 × g for 10 minutes at 4 °C. Matched samples of serum and plasma
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anticoagulated with sodium citrate (3.2%, diluted 1:9, 10.9 mM final concentration), Li+-
heparin and Na+-heparin (15 U/ml final heparin concentration) were obtained from healthy
donors, and Li+-heparin samples were obtained from patients with TTP with informed
consent according to a protocol approved by the Washington University Institutional Review
Board.

Li+-heparin plasma samples were obtained from 96 healthy controls (Biological Specialty
Corp., Colmar, PA). Li+-heparin PNP standard was prepared from ≥35 donors. 25 μL and
100 μL plasma samples were assayed in duplicate for ADAMTS13 activity. For cross-
validation, ≥3 samples from each batch were reanalyzed with the subsequent batch.

Citrated plasma samples from the clinical laboratory of the BloodCenter of Wisconsin were
deidentified and coded according to a protocol approved by the Institutional Review Board.

Results
Preparation of fluorogenic FRETS-rVWF71 substrate

The substrate includes VWF Gln1599-Arg1668. The mutation N1610C introduces a unique
Cys, and the mutation K1617R removes a primary amine that would compete with
modification of the N-terminus. Chimeric thioredoxin-rVWF71 was purified (Fig. S1) with a
yield of >50 mg/L of bacterial culture. Removal of thioredoxin with TEV protease gave
product rVWF71, which has an extra Gly before VWF Gln1599-Arg1668. The product was
purified to yield >10 mg rVWF71/L of culture medium.

The rVWF71 was modified with DyLight 633 maleimide in ~70% yield. The N-terminal
Gly of DyLight 633-rVWF71 was modified with IRDye QC-1 N-hydroxy-succinimidyl
ester in ~90% yield. Purified FRETS-rVWF71 (Fig. S2) was stable at −20 °C (data not
shown) and soluble in water at >250 μM.

FRETS-rVWF71 had absorbance maxima at 627 nm and 819 nm, consistent with the
presence of both dyes. Based on amino acid analysis, the extinction coefficient at 627 nm is
246,000 M−1cm−1. Upon excitation at 635 nm, fluorescence emission at 660 nm of cleaved
or uncleaved FRETS-rVWF71 varied <7% between pH 5 and pH 10. The fluorescence
emission of FRETS-rVWF71 increased ~400-fold upon cleavage, indicating that internal
quenching is efficient.

Optimization of FRETS-rVW71 cleavage by plasma ADAMTS13
Optimal conditions for ADAMTS13 cleavage of FRETS-rVWF71 were similar to those for
other substrates [5, 7, 19]. Activity was maximal at pH 6, low ionic strength, and 5-10 mM
CaCl2 (Fig. 1). At pH 7.4 and 150 mM NaCl, the rate of reaction decreased ~75%; these
conditions were selected for standard assays to optimize compatibility with plasma.

FRETS-rVWF71 assays of serum or plasma anticoagulated with citrate, Li+-heparin or Na+-
heparin gave comparable results. Using <75 μL plasma per assay, the values for citrated
plasma were decreased ~10% compared to heparinized plasma because of dilution by the
citrate anticoagulant (Fig. S3). However, assays with 100 μL citrated plasma (Fig. 1) gave
values that were decreased an additional ~18% because the higher citrate concentration (5.5
mM) reduces the calcium ion concentration below the optimum for ADAMTS13 activity.
This effect can be countered by adding proportionally more calcium chloride (Fig. S3).
Plasma anticoagulated with heparin did not exhibit this behavior and required no
adjustments to buffer conditions across the working range of the assay. Li+-heparin plasma
is commonly used for clinical chemistry assays and was selected for ADAMTS13 assay
development.
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Bilirubin interferes with ADAMTS13 assays with FRETS-VWF73 [12]. However, the
spectrum of bilirubin does not overlap with DyLight 633 and IRDye QC-1, and bilirubin
(≤20 mg/dL) did not inhibit ADAMTS13 activity assays with FRETS-rVWF71 (Fig. 2).
Hemoglobin interferes with FRETS-VWF73 assays and inhibits ADAMTS13 regardless of
the assay method [20]. As expected, hemoglobin ≤20 g/L added to assays did not affect the
detection of FRETS-rVWF71 cleavage products but inhibited ADAMTS13 with an IC50 of
10-15 g/L (Fig. 2).

Kinetics of FRETS-rVWF71 cleavage
Plasma ADAMTS13 cleaved FRETS-rVWF71 with Km of 1.8 μM and kcat of 6.8 min−1 at
30 °C (Fig. S4). ADAMTS13 cleaves FRETS-VWF73 in the same buffer with a Km of 3.2
μM and a kcat of 58 min−1 at 37 °C [19]. Therefore, the larger dyes of FRETS-rVWF71
decrease the catalytic efficiency of substrate cleavage ~5-fold.

FRETS-rVWF71 assay performance
Progress curves for cleavage of FRETS-rVWF71 by plasma ADAMTS13 were
approximately linear for at least 60 minutes (Fig. 3A) and reaction rate increased
approximately linearly with the volume of added plasma (Fig. 3B). Results with FRETS-
rVWF71 and FRETS-VWF73 assayed under standard conditions [7] correlated well with an
inter-assay CV of 3.8%.

The FRETS-rVWF71 assay was adapted to measure autoantibody inhibitors of ADAMTS13
in a manner analogous to the measurement of factor VIII inhibitors in “Bethesda-like” units
(Fig. 3C). This assay design allows the detection of inhibitors with a titer ≥0.4 U.

ADAMTS13 assays in Healthy Donors and patients with TTP
For 96 healthy controls, the mean ADAMTS13 activity was 107 ± 18% (SD) (Fig. 4). Mean
ADAMTS13 activity was not significantly different based on gender, ethnicity (Fig. 4), or
age (data not shown). The intra-assay coefficient of variation (CV) was 1.8% and the inter-
assay CV was 1.7%.

In separate assays of PNP samples with mean ADAMTS13 activity of 2.4% and 26%, the
intra-assay CV was <2% in each case. The limit of detection was determined from 60 assays
of PNP containing 10 mM EDTA that have no ADAMTS13 activity. The SD was 0.086%
ADAMTS13 activity, which indicates a limit of detection of ~0.3% (3.29 × SD) [21].

ADAMTS13 assays with FRETS-rVWF71 and FRETS-VWF73 were compared using
citrated plasma samples submitted to BloodCenter of Wisconsin for clinical laboratory
testing from 80 subjects with thrombotic microangiopathy, 22 with other causes of
thrombocytopenia, and 20 healthy controls. Agreement between methods was excellent (R2

= 0.95) (Fig. 5A). Assays with FRETS-rVWF71 were more sensitive with a limit of
detection at least 15-fold lower than assays with FRETS-VWF73. The slope of the linear
regression line for the results is 0.92, which indicates that values with FRETS-rVWF71 are
lower because a slightly more active Li+-heparin PNP calibrator was used for the FRETS-
rVWF71 assays. A few plasma samples gave discordant results that were confirmed upon
retesting. Five samples had ADAMTS13 activity <10% with FRETS-rVWF71, but values
between 12% and 22% with FRETS-VWF73 (Table S1). Two samples (subjects 50 and 54)
had ADAMTS13 activity of 18% and 22% with FRETS-rVWF71, and <5% and 8%,
respectively, with FRETS-VWF73. Additional data are not available for these subjects and
the clinical significance of this variation cannot be assessed. Excellent agreement between
the methods was also observed for Li+-heparin plasma samples from patients with TTP
(Table S2).
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ADAMTS13 inhibitors were detected for 34 subjects, of whom 26 had inhibitors when
assayed with both FRETS-VWF73 and FRETS-rVWF71 (Fig. 5B). Correlation between the
two assays was excellent (R2 = 0.80). The regression line slope of 2.5 indicates that inhibitor
assays with FRETS-rVWF71 are more sensitive. This result is consistent with the 1:20
dilution of plasma samples in FRETS-VWF73 assays compared to 1:1 dilution in FRETS-
rVWF71 assays.

For 7 patients, ADAMTS13 inhibitors were detected with FRETS-rVWF71 and not with
FRETS-VWF73. Another 7 patients had inhibitor titers of 0.6 U to 1.4 U with FRETS-
rVWF71 but borderline detectable inhibitors of 0.4 U with FRETS-VWF73. Conversely,
only one sample (subject 34) had an inhibitor titer of 0.4 U with FRETS-VWF73 that was
not detected with FRETS-rVWF71.

These results indicate that assays with FRETS-rVWF71 were more sensitive for both
ADAMTS13 activity and inhibitors. This increased sensitivity supports a correlation
between the degree of ADAMTS13 deficiency and the prevalence of ADAMTS13 inhibitors
(Table 1).

Discussion
The dyes used for FRETS-rVWF71 have spectral properties that permit ADAMTS13 assays
to be performed in ≤95% plasma with no significant interference from plasma proteins,
bilirubin or hemoglobin. As expected from studies of other ADAMTS13 substrates, the rate
of FRETS-rVWF71 cleavage under plasma-like conditions (pH 7.4, 150 mM NaCl) is only
~25% of the rate under the optimal conditions of pH 6.0 and low ionic strength [7, 11].
Despite substantially lower ADAMTS13 activity under plasma-like conditions, the
combination of increased fluorescence and compatibility with plasma allows FRETS-
rVWF71 assays to be completed in 1 hour with excellent reproducibility and a limit of
detection of ~0.3 %.

Assaying plasma from patients is challenging because of variability in the type and
concentration of interfering substances. For example, leukocyte proteases can cleave
FRETS-VWF73 [22] and may degrade VWF during disseminated intravascular coagulation
or sepsis. We find that some plasma specimens cleave peptide substrates even when
ADAMTS13 is inhibited with EDTA, possibly because of contamination with leukocyte-
derived proteases. This calcium-independent protease activity is blocked completely by
phenylmethanesulfonyl fluoride and other broad-spectrum inhibitors that target serine and
cysteine proteases, thereby allowing the specific measurement of ADAMTS13 activity.

ADAMTS13 levels were similar in serum and plasma as expected [4], and we observed no
significant difference in results for several methods of plasma anticoagulation. Citrated
plasma has been the standard enzyme source for other ADAMTS13 assays [4-8, 10, 23] and
can be used with FRETS-rVWF71 if another anticoagulant is included to prevent clotting
after recalcification and additional calcium chloride is added to counteract the reduction in
free calcium ion concentration caused by citrate.

When FRETS-rVWF71 assays were compared to FRETS-VWF73 assays on plasma samples
submitted to the BloodCenter of Wisconsin for ADAMTS13 testing, the two methods agreed
well and FRETS-rVWF71 assays were more sensitive for both ADAMTS13 activity and
inhibitors. Highly sensitive ADAMTS13 assays may prove to be useful for the management
of patients with TTP. For example, in congenital TTP the level of residual ADAMTS13
activity has been correlated with the severity of the clinical phenotype [24]. In acquired
TTP, severe ADAMTS13 deficiency is associated with relapsing disease [9, 25-28], and
extremely low ADAMTS13 during the acute illness has been associated with increased
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mortality [29]. ADAMTS13 inhibitors also have been correlated with relapses [25, 27, 28,
30], delayed response to plasma exchange [26], refractory disease and death [9, 26, 31].
Relapses of TTP are essentially always accompanied by severe ADAMTS13 deficiency, and
several recent reports suggest that preemptive treatment with rituximab to normalize
ADAMTS13 levels can prevent these relapses [32-35].

None of these studies was randomized and their conclusions must be considered tentative.
Nevertheless, they provide a strong rationale for investigating the utility of sensitive
ADAMTS13 assays to stratify patients with TTP at diagnosis and monitor ADAMTS13
activity as a biomarker of response to therapy. One study using FRETS-rVWF71 assays is in
progress to determine whether early treatment of TTP with low-dose rituximab can restore
normal ADAMTS13 levels, improve early outcomes and prevent relapses (NCT01554514).
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
ADAMTS13 activity toward FRETS-rVWF71 under different conditions. (A) Dependence
on pH. Reactions (200 μL) contained PNP (10 μL), 150 mM NaCl, 10 mM CaCl2, 0.05%
Tween-20, 1 μM FRETS-rVWF71 and 20 mM sodium acetate (pH 5), Bis-Tris (pH 6),
HEPES (pH 7, 7.4), or Tris-HCl (pH 8). (B,C) Dependence on ionic strength and calcium
ions. Reactions (200 μL) in standard assay buffer contained PNP (10 μL) and variable
concentrations of (B) NaCl or (C) CaCl2. (D) Dependence on sample preparation. Reactions
(200 μL) contained 1 μM FRETS-rVWF71, 100 μL standard assay buffer, and 100 μL of
serum, citrated plasma, Li+-heparin plasma, or Na+-heparin plasma. Values plotted are the
mean ± SE (n=2)
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Fig. 2.
Effect of bilirubin and hemoglobin. PNP (100 μL) was assayed in the presence of bilirubin
(A) or hemoglobin (B). Values plotted are the mean ± SE (n=2).
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Fig. 3.
FRETS-rVWF71 assays. (A) Change in fluorescence with the indicated volumes of PNP.
(B) Dependence of initial rate on PNP. Lines were fitted by nonlinear regression. (C)
ADAMTS13 inhibitor assay for plasma with an inhibitor titer of 4.5 U (95% confidence
interval 4.1 to 5.0 U).
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Fig. 4.
Plasma ADAMTS13 activity of healthy controls. Mean ADAMTS13 activity of 96
individuals was 107.1 ± 18% (SD) and did not depend on gender (male 104.9 ± 16%; female
109.6 ± 16%) or ethnicity (African American 102.7 ± 24%; Caucasian 108.2 ± 17%;
Hispanic 108.4 ± 15%). Bars indicate mean values.
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Fig. 5.
Comparison of ADAMTS13 assays with FRETS-VWF73 and FRETS-rVWF71. (A)
Citrated plasma from subjects with thrombotic microangiopathy (closed circles), other
causes of thrombocytopenia (open triangles) and healthy controls (open squares) were
assayed with FRETS-VWF73 and FRETS-rVWF71. Linear regression (solid line) gave a
slope of 0.92 and R2 of 0.95. (B) ADAMTS13 inhibitors in samples from 34 subjects
assayed with FRETS-VWF73 or FRETS-rVWF71. Linear regression (solid line) gave a
slope of 2.51 and R2 of 0.80.
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Table 1

Relationship between ADAMTS13 activity and inhibitors

Inhibitor No inhibitor Total

ADAMTS13 <0.3% 16 2 18

ADAMTS13 0.3-5% 13 9 22

ADAMTS13 5-20% 4 9 13

Total 33 20 53

ADAMTS13 activity and inhibitors were assayed with FRETS-rVWF71 (Table S1). The likelihood of detecting an inhibitor increases with the

severity of ADAMTS13 deficiency, χ2 = 11, P = 0.004
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