
analysed as described10, with a final FIXa concentration of 1 nM. All data presented is the
mean ^ s.e.m. for at least three independent experiments.

Enzyme assays
Factor VIII (Hemophil M, Baxter Healthcare) was activated with thrombin, then the
FVIIIa solution was added to factor IXa and phospholipid vesicles (lipids purchased from
Avanti Polar Lipids and vesicles prepared as in ref. 28) and allowed to form the FIXa–
FVIIIa enzyme complex. Factor X and aptamer were then added, and factor X activation
measured with a chromogenic substrate (Pefachrome fXa, Centerchem Inc.). Final
concentrations were: factor IXa, 0.2 nM; factor VIIIa, 0.7 nM; lipid, 40 mM; factor X,
135 nM; and factor Xa substrate, 1 mM. The rate of factor Xa generation was determined
by a second-order fit to the data. The %FX cleavage activity is 100 times the rate of FXa
generation in the presence of aptamer divided by rate in the absence of aptamer.

Clotting assays
Activated partial thromboplastin time (APTT) assays were performed using a model ST4
mechanical coagulometer (Diagnostica Stago Inc.). Aptamer in binding buffer (5 ml)
without BSA or binding buffer without BSA alone was added to pooled normal human
plasma (50 ml) (George King Biomedical), and incubated for 5 min at 37 8C. MDA platelin
(50 ml) (bioMerieux) was then added and allowed to activate the plasma for 5 min,
followed by the addition of 25 mM CaCl2 (50 ml) to initiate the clotting reaction. Data is
expressed as the relative change in clot time; the clot time in the presence of aptamer
divided by the clot time in the presence of buffer alone. All reactions were performed in
duplicate, and only duplicates differing by ,10% were used in analysis.

Prothrombin time (PT) clotting assays were performed as previously described7 except
that 5 ml of aptamer was added to 50 ml of normal pooled human plasma, and all reactions
were carried out at 37 8C.

Antidote assays
Antidote oligonucleotides were synthesized and purified by Dharmacon Research, Inc.
Antidote activity was measured 10 min after antidote addition to plasma containing
aptamer in APTT clotting assays. Briefly, human plasma was anticoagulated with aptamer,
antidote oligonucleotide (5 ml) was added and the incubation continued for 5 min before
the addition of MDA platelin. Antidote activity is expressed as the per cent residual
anticoagulant activity T of the aptamer, which is:

½1 2 ðTaptamer alone 2 TaptamerþantidoteÞ=ðTaptamer alone 2 TbaselineÞ�£ 100:

For measuring the kinetics of the onset of antidote activity, the incubation time of the
plasma following MDA platelin addition was reduced to 1 min to allow for shorter
timepoints to be measured. This increased the baseline APTT from 30.2–32.5 s to 34.2–
36.8 s.

Gel shift assays were performed essentially as described29. Aptamer 9.3t (50 nM with
trace
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P-labelled) was incubated for 10 min with varying concentrations of antidote
oligonucleotide in binding buffer without BSA before loading on a 12% polyacrylamide
gel containing 2 mM CaCl2. Gels were run for 3 h at 300 Vand visualized using a Storm 840
Phosphorimager (Molecular Dynamics).

Patient samples
Plasma samples from six patients with HITwere studied. Clinical criteria for the diagnosis
of HIT included thrombocytopenia and/or new or recurrent thrombosis after five or more
days of heparin therapy5. Serologic criteria included a positive heparin-induced platelet
aggregation assay and/or elevated heparin/platelet factor 4 antibody levels detected by
enzyme-linked immunosorbent assay (ELISA) (GTI Inc.). Five patients met both clinical
and serologic criteria; one patient fulfilled clinical criteria but had negative serologic
studies. The Institutional Review Board at Duke University Medical Center approved these
studies, and informed consent was obtained from all patients.

Received 12 February; accepted 18 June 2002; doi:10.1038/nature01058.

1. Levine, M. N., Raskob, G., Landefeld, S. & Kearon, C. Hemorrhagic complications of anticoagulant

treatment. Chest 119, 108S–121S (2001).

2. Hirsch, J., Anand, S. S., Halperin, J. L. & Fuster, V. Guide to anticoagulant therapy: Heparin: A

statement for healthcare professionals from the American Heart Association. Circulation 103,

2994–3018 (2001).

3. Carr, J. A. & Silverman, N. The heparin-protamine interaction. A review. J. Cardiovasc. Surg. 40,

659–666 (1999).

4. Pifarre, R., Walenga, J. M. & Fareed, J. in New Anticoagulants for the Cardiovascular Patient (ed. Pifarre,

R.) 1–7 (Hanley and Belfus, Philadelphia, 1997).

5. Warkentin, T. E., Chong, B. H. & Greinacher, A. Heparin-induced thrombocytopenia: towards

consensus. Thromb. Haemost. 79, 1–7 (1998).

6. Johnson, K. & Hung, D. Novel anticoagulants based on inhibition of the factor VIIa/tissue factor

pathway. Coron. Artery Dis. 9, 83–87 (1998).

7. Rusconi, C. P., Yeh, A., Lyerly, H. K., Lawson, J. H. & Sullenger, B. A. Blocking the initiation of

coagulation by RNA aptamers to factor VIIa. Thromb. Haemost. 84, 841–848 (2000).

8. Bock, L. C., Griffin, L. C., Latham, J. A., Vermaas, E. H. & Toole, J. J. Selection of single-stranded DNA

molecules that bind and inhibit human thrombin. Nature 355, 564–566 (1992).

9. Tasset, D. M., Kubik, M. F. & Steiner, W. Oligonucleotide inhibitors of human thrombin that bind

distinct epitopes. J. Mol. Biol. 272, 688–698 (1997).

10. White, R. et al. Generation of species cross-reactive aptamers using “toggle” SELEX. Mol. Ther. 4,

567–573 (2001).

11. Tuerk, C. & Gold, L. Systematic evolution of ligands by exponential enrichment: RNA ligands to

bacteriophage T4 DNA polymerase. Science 249, 505–510 (1990).

12. Ellington, A. D. & Szostak, J. W. In vitro selection of RNA molecules that bind specific ligands. Nature

346, 818–822 (1990).

13. Pieken, W. A., Olsen, D. B., Benseler, F., Aurup, H. & Eckstein, F. Kinetic characterization of

ribonuclease-resistant 2 0 -modified hammerhead ribozymes. Science 253, 314–317 (1991).

14. Davis, J. P., Janjic, N., Javornik, B. E. & Zichi, D. A. Identifying consensus patterns and secondary

structure in SELEX sequence sets. Methods Enzymol. 267, 302–314 (1996).

15. Watson, S. R. et al. Anti-L-selectin aptamers: binding characteristics, pharmacokinetic parameters,

and activity against an intravascular target in vivo. Antisense Nucleic Acid Drug Dev. 10, 63–75 (2000).

16. Tucker, C. E. et al. Detection and plasma pharmacokinetics of an anti-vascular endothelial growth

factor oligonucleotide-aptamer (NX1838) in rhesus monkeys. J. Chromatogr. B Biomed. Sci. Appl. 732,

203–212 (1999).

17. High, K. A. & Roberts, H. R. in Molecular Basis of Thrombosis and Hemostasis (eds High, K. A. &

Roberts, H. R.) 215–237 (Marcel Dekker, New York, 1995).

18. Spanier, T. B. et al. Selective anticoagulation with active site-blocked factor IXA suggests separate roles

for intrinsic and extrinsic coagulation pathways in cardiopulmonary bypass. J. Thorac. Cardiovasc.

Surg. 116, 860–869 (1998).

19. Feuerstein, G. Z. et al. An inhibitory anti-factor IX antibody effectively reduces thrombus formation

in a rat model of venous thrombosis. Thromb. Haemost. 82, 1443–1445 (1999).

20. Choudhri, T. F. et al. Targeted inhibition of intrinsic coagulation limits cerebral injury in stroke

without increasing intracerebral hemorrhage. J. Exp. Med. 190, 91–99 (1999).

21. White, R. R., Sullenger, B. A. & Rusconi, C. P. Developing aptamers into therapeutics. J. Clin. Invest.

106, 929–934 (2000).

22. Campbell, K. R. et al. Bivalirudin in patients with heparin-induced thrombocytopenia undergoing

percutaneous coronary intervention. J. Invasive Cardiol. 12, 14F–19F (2000).

23. Greinacher, A. et al. Recombinant hirudin (lepirudin) provides safe and effective anticoagulation in

patients with heparin-induced thrombocytopenia: a prospective study. Circulation 99, 73–80 (1999).

24. Lewis, B. E. et al. Argatroban anticoagulant therapy in patients with heparin-induced

thrombocytopenia. Circulation 103, 1838–1843 (2001).

25. Hicke, B. J. & Stephens, A. W. Escort aptamers: a delivery service for diagnosis and therapy. J. Clin.

Invest. 106, 923–928 (2000).

26. van Dijk, M. A. & van de Winkel, J. G. Human antibodies as next generation therapeutics. Curr. Opin.

Chem. Biol. 5, 368–374 (2001).

27. Fitzwater, T. & Polisky, B. A SELEX primer. Methods Enzymol. 267, 275–301 (1996).

28. Hope, M. J., Bally, M. B., Webb, G. & Cullis, P. R. Production of large unilamellar vesicles by a rapid

extrusion procedure. Characterization of size distribution, trapped volume and ability to maintain a

membrane potential. Biochim. Biophys. Acta 812, 55–65 (1985).

29. Silverman, S. K. & Cech, T. R. Energetics and cooperativity of tertiary hydrogen bonds in RNA

structure. Biochemistry 38, 8691–8702 (1999).

Acknowledgements
We thank R. Califf and R. Harrington for their insight into the need for antidote-
controlled anticoagulant and antithrombotic agents. This work was supported by grants
from the American Heart Association to C.P.R. and the National Institutes of Health to
B.A.S, T.L.O. and D.M.

Competing interests statement
The authors declare competing financial interests: details accompany the paper on
Nature’s website (http://www.nature.com/nature).

Correspondence and requests for materials should be addressed to C.P.R.

(e-mail: c.rusconi@cgct.duke.edu) or B.A.S. (e-mail: b.sullenger@cgct.duke.edu).

..............................................................

corrigendum

Sub-ångstrom resolution using
aberration corrected electron
optics
P. E. Batson, N. Dellby & O. L. Krivanek

Nature 418, 617–620 (2002).
.............................................................................................................................................................................

For this Letter the disclosure form for the declaration of competing
financial interests was incorrectly filled out because of a misunder-
standing. The statement should have read: ‘The authors declare
competing financial interests: details accompany the paper on
Nature’s website (http://www.nature.com/nature).’ The details on
the website should have read: ‘O.L.K. and N.D. have a personal
financial interest in Nion, R&D.’. We (the authors) had no intention
of misrepresenting the origin of the work. A

letters to nature

NATURE | VOL 419 | 5 SEPTEMBER 2002 | www.nature.com/nature94 © 2002        Nature  Publishing Group


	corrigendum: Sub-ångstrom resolution using aberration corrected electron optics

