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EDUCATION

1985 B.S., Physics { University of Puerto Rico, R��o Piedras Campus. Magna Cum Laude.
1989 B.M., Music: Piano { Conservatory of Music of Puerto Rico. Summa Cum Laude.
1989 M.S., Physics { University of Puerto Rico, R��o Piedras Campus.
1994 Ph.D., Physics { Massachusetts Institute of Technology, Cambridge, MA.

Thesis title: Electronic and Magnetic Properties of trans-Polyacetylen e.

ACADEMIC APPOINTMENTS

1985-1986 Laboratory Technician, Physics Department, University of Puerto Rico.
1986-1989 Research and Teaching Assistant, Physics Dept.,University of Puerto Rico.
1991-1994 Research Assistant, MIT Physics Department.
1994-2005 Research Associate, Center for Polymer Studies,Boston University.
2005-2007 Senior Research Associate, Center for Polymer Studies, Boston University.
2007-2008 Research Associate Professor, Physics Department, Boston University.
2008- Associate Professor, Physics Department, Drexel University.

HONORS AND AWARDS

1985 Award for the Highest Academic Achievement in the R��o Piedras Campus, U. of Puerto Rico.
1985 College of Natural Sciences Medal for Academic Excellence, U. of PR, R��o Piedras Campus.
1985 Facundo Bueso Physics Medal, University of Puerto Rico, R��o Piedras Campus.
1989 Jose E. Pedreira Piano Medal, Conservatory of Music of Puerto Rico.
1994 Perfect 5 GPA in graduate coursework (5 highest), MIT, Cambridge, MA.
2006 Who's Who in Medicine and Healthcare, Marquis Who's Who, 6th Edition.

PUBLICATIONS [h-index: 15] (reverse chronological)
1. L. Cruz , B. Urbanc, D. L. Roe, A. Inglis, H. E. Stanley, and D. L. Rosene, \Computer simulations

of the e�ects of aging in the brain," in preparation (2009).
2. L. Cruz , B. Urbanc, H. E. Stanley, and D. B. Teplow \Comparative analysis of the Artic and Iowa

mutations on the nucleation of the A� -protein: an all-atom molecular dynamics study," in preparation
(2009).

3. A. Inglis, D. L. Roe, B. Urbanc, H. E. Stanley, D. L. Rosene, L. Cruz , \Age-related changes in
temporal lobe microcolumnar structure, and correlations with cognitive decline in the rhesus monkey,"
in preparation (2009).

4. S. Yun, S. Peng, B. Urbanc, S. V. Buldyrev,L. Cruz , D. B. Teplow, and H. E. Stanley, \Discrete
Molecular Dynamics Study of A� 16-22 Folding and Aggregation," in preparation (2009).

5. L. Cruz , D. B. Teplow, H. E. Stanley, and B. Urbanc, \Observation of a metastable� -hairpin structure
of the folding nucleus of the amyloid � -protein," in preparation (2009).

6. B. Urbanc, L. Cruz , E. A. Fradinger, B. H. Monien, and G. Bitan, \In silico study of amyloid
� -protein oligomer formation in the presence of peptide inhibitors," to be submitted(2009).

7. L. Cruz , D. L. Roe, B. Urbanc, A. Inglis, H. E. Stanley, and D. L. Rosene, \Age-related reduction
in microcolumnar structure correlates with cognitive decline in the ventral but not dorsal region part
of area 46 of the rhesus monkey,"Neuroscience, 158, 1509{1520 (2008). [PMID: 19105976]
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8. S. H. Freeman, R. Kandel, L. Cruz , A. Rozkalne, K. Newell, M. P. Frosch, E. T. Hedley-Whyte,
J. J. Locascio, L. Lipsitz, B. T. Hyman, \Preservation of Neuronal Number Despite Age-Related
Cortical Brain Atrophy in Elderly Subjects Without Alzheim er Disease,"Journal of Neuropathology
& Experimental Neurology, 67, 1205{1212 (2008).

9. E. A. Fradinger, B. H. Monien, B. Urbanc, A. Lomakin, M. Tan , H. Li, S. M. Spring, M. M. Condron, L.
Cruz , C.-W. Xie, G. B. Benedek, and G. Bitan, \C-terminal peptide s coassemble into A� 42 oligomers
and protect neurons against A� 42-induced neurotoxicity," Proc. Natl. Acad. Sci., 105, 14175{14180
(2008). [PMID: 18779585]

10. A. Inglis, L. Cruz , D. L. Roe, H. E. Stanley, D. L. Rosene, and B. Urbanc, \Automated identi�cation
of neurons and their locations," J. Microscopy, 230(3), 339-352 (2008). [PMID: 18503659]

11. L. Cruz , B. Urbanc, A. Inglis, D. L. Rosene, and H. E. Stanley, \Generating a model of the Three-
dimensional Spatial Distribution of Neurons using Density Maps," Neuroimage, 40(3), 1105{1115
(2008). [PMID: 18291677]

12. S. Yun, B. Urbanc, L. Cruz , G. Bitan, D. B. Teplow, and H. E. Stanley, \Role of electrostatic
interactions in amyloid � -protein oligomer formation: A discrete molecular dynamics study," Biophys
J., 92, 4064-4077 (2007). [PMID: 17307823] [Times Cited: 4]

13. B. Urbanc, L. Cruz , D. B. Teplow, and H. E. Stanley, \Computer simulations of Al zheimer's amyloid
� -protein folding and assembly," invited review paper,Current Alzheimer Research, 3, 493-504 (2006).
[PMID: 17168648]

14. D. B. Teplow, N. D. Lazo, G. Bitan, S. Bernstein, T. Wytten bach, M. T. Bowers, A. Baumketner, J.-
E. Shea, B. Urbanc,L. Cruz , J. Borreguero, H. E. Stanley, \Elucidating Amyloid � -Protein Folding
and Assembly: A Multidisciplinary Approach," Accounts of Chemical Research, 39, 635{645 (2006).
[PMID: 16981680] [Times Cited: 23]

15. B. Urbanc, J. M. Borreguero, L. Cruz , and H. E. Stanley, \Ab initio Discrete Molecular Dynamics
Approach to Protein Folding and Aggregation," Methods in Enzymology, 412, 314{338 (2006).
[PMID: 17046666] [Times Cited: 17]

16. L. Cruz , B. Urbanc, J. M. Borreguero, N. D. Lazo, D. B. Teplow, and H. E. Stanley, \Solvent
and Mutation E�ects on the Nucleation of Amyloid � -protein Folding," Proc. Natl. Acad. Sci., 102,
18258{18263 (2005). [PMID: 16339896] [Times Cited: 32]

17. L. Cruz , S. V. Buldyrev, S. Peng, D. L. Roe, B. Urbanc, H. E. Stanley, and D. L. Rosene, \A
Statistically Based Density Map Method for Identi�cation a nd Quanti�cation of Regional Di�erences
in Microcolumnarity in the Monkey Brain," J. Neuroscience Methods, 141/2 , 321{332 (2005).
[PMID: 15661314] [Times Cited: 5]

18. B. Urbanc, L. Cruz , S. Yun, S. V. Buldyrev, G. Bitan, D. B. Teplow, and H. E. Stanl ey, \In silico
study of amyloid � -protein folding and oligomerization," Proc. Natl. Acad. Sci. 101, 17345{17350
(2004). [PMID: 15583128] [Times Cited: 52]

19. L. Cruz , D. L. Roe, B. Urbanc, H. Cabral, H. E. Stanley, and D. L. Rosene, \Age-related reduction
in microcolumnar structure in area 46 of the rhesus monkey correlates with behavioral decline,"
Proc. Natl. Acad. Sci. 101, 15846{15851 (2004). [PMID: 15520373] [Times Cited: 5]

20. B. Urbanc, L. Cruz , F. Ding, D. Sammond, S. Khare,S. V. Buldyrev, H. E. Stanley, and N. V.
Dokholyan, \Molecular Dynamics Simulation of Amyloid � Dimer Formation," Biophys. J. 87, 2310-
2321 (2004). [PMID: 15454432] [Times Cited: 48]

21. S. Peng, F. Ding, B. Urbanc, S. V. Buldyrev,L. Cruz , H. E. Stanley, and N. V. Dokholyan, \Discrete
molecular dynamics simulations of peptide aggregation,"Phys. Rev. E69, 041908 (2004).

[Times Cited: 25]
22. S. Peng, B. Urbanc,L. Cruz , B. T. Hyman, and H. E. Stanley, \Neuron Recognition by Paral lel

Potts Segmentation," Proc. Natl. Acad. Sci. 100, 3847-3852 (2003). [PMID: 12651959]
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[Times Cited: 2]
23. B. Urbanc, L. Cruz , R. Le, J. Sanders, K. Hsiao{Ashe, K. Du�, H. E. Stanley, M. C. Irrizarry and

B. T. Hyman, \Neurotoxic E�ects of Thio
avin S-Positive Amy loid Deposits in Transgenic Mice and
Alzheimer's Disease,"Proc. Natl. Acad. Sci. 99, 13990-13995 (2002). [PMID: 12374847]

[Times Cited: 61]
24. R. Le, L. Cruz , B. Urbanc, R. B. Knowles, K. Hsiao{Ashe, K. Du�, M. C. Irizar ry, H. E. Stanley and

B. T. Hyman, \Plaque{Induced Abnormalities in Neurite Geom etry in Transgenic Models of Alzheimer
Disease: Implications for Neural System Disruption,"J. Neuropath. Exp. Neuro. 60, 753{758 (2001).
[PMID: 11487049] [Times Cited: 40]

25. S. V. Buldyrev, L. Cruz , T. G�omez-Isla, E. G�omez-Tortosa, S. Havlin, R. Le, H. E. Stanley, B. Ur-
banc and B. T. Hyman, \Description of Microcolumnar Ensembles in Association Cortex and their
Disruption in Alzheimer and Lewy Body Dementias," Proc. Natl. Acad. Sci. 97, 5039{5043 (2000).
[PMID: 10805766] [Times Cited: 37]

26. B. Urbanc, L. Cruz , S. V. Buldyrev, S. Havlin, B. T. Hyman, and H. E. Stanley, \Dy namic Feedback in
an Aggregation{Disaggregation Model," Physical Review E, 60, 2120{2126 (1999). [PMID: 11970004]

[Times Cited: 11]
27. B. Urbanc, L. Cruz , S. V. Buldyrev, S. Havlin, M. C. Irizarry, H. E. Stanley, and B. T. Hyman,

\Dynamics of Plaque Formation in Alzheimer Disease," Biophys. J. 76, 1330{1334 (1999).
[PMID: 10049316] [Times Cited: 28]

28. R. B. Knowles, C. Wyart, S. V. Buldyrev, L. Cruz , B. Urbanc, M. E. Hasselmo, H. E. Stanley,
and B. T. Hyman, \Plaque{Induced Neural Network Disruption in Alzheimer's Disease",Proc. Natl.
Acad. Sci. 96, 5274{5279 (1999). [PMID: 10220456] [Times Cited: 75]

29. H. E. Stanley, S. V. Buldyrev, L. Cruz , T. Gomez-Isla, S. Havlin, B. T. Hyman, R. Knowles, B. Urbanc
and C. Wyart, \Statistical Physics and Alzheimer's Disease," Physica A - Statistical Mechanics and
its Applications 249 (1-4), 460-471 (1998). [Times Cited: 7]

30. L. Cruz , B. Urbanc, S. V. Buldyrev, R. Christie, T. G�omez-Isla, S. H avlin, M. McNamara, H. E. Stan-
ley, B. T. Hyman, \Aggregation and disaggregation of SenilePlaques in Alzheimer Disease,"Proc.
Natl. Acad. Sci. 94, 7612{7616 (1997). [PMID: 9207140] [Times Cited: 43]

31. B. Urbanc and L. Cruz , \Order Parameter and Segregated Phases in a Sandpile Modelwith Two
Particle Sizes," Phys. Rev. E56, 1571{1579 (1997).

32. H. E. Stanley, L. Cruz , S. T. Harrington, P. H. Poole, S. Sastry, F. Sciortino, F. W. Starr, and
R. Zhang, \Cooperative Molecular Motions in Water: The Liqu id-Liquid Critical Point Hypothesis,"
Physica A 236, 19-37 (1997). [Times Cited: 28]

33. L. Cruz , P .Phillips, A. Castro-Neto, \Kondo Resonance and log-T Conductivity in Highly Conduct-
ing trans-Polyacetylene," Europhysics Letters29, 389{394 (1995). [Times Cited: 6]

34. L. Cruz , P. Phillips, \Phase Diagram for Strongly-Correlated Doped trans Polyacetylene," Physical
Review B 49, 5149{5156 (1994). [Times Cited: 6]

35. P. Phillips, L. Cruz , \Metallic Polyacetylene is a Soliton Lattice," Synth. Met. 65, 225{232 (1994).
[Times Cited: 2]

36. L. Fonseca, M. Gomez,L. Cruz , \Calculation of the Aggregation and Electrodynamic E�ect s in
Granular Systems," Physica A 207, 123{130 (1994). [Times Cited: 5]

37. Q. Li, L. Cruz , P. Phillips, \Granular-rod Model for Electronic Conducti on in Polyaniline," Physical
Review B 47, 1840-1845 (1993). [Times Cited: 68]

38. Q. Li, L. Cruz , P. Phillips, \Dimers and Rods in the Conducting States of Polyaniline," Synth. Met.
55-57 , 4697{4703 (1993). [Times Cited: 2]

39. W. Vargas,L. Cruz , L. Fonseca, M. Gomez, \T-Matrix Approach for Calculating L ocal Fields around
Clusters of Rotated Spheroids,"App. Opt. 32, 2164-2170 (1993). [Times Cited: 5]
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40. L. Fonseca,L. Cruz , M. Gomez, J. A. Gonzalo, \Determination of sizes of Potassium Colloids in
KCl:O 2 using Light Scattering Techniques," App. Phys. Comm. 12, 153 (1993).

41. L. Cruz , L. Fonseca, M. Gomez, \T-Matrix Approach for the Calculati on of Local Fields in the
Neighborhood of Small Clusters in the Electrodynamic Regime," Physical Review B 40, 7491-7500
(1989). [Times Cited: 7]

42. M. Gomez, L. Fonseca, G. Rodriguez, A. Velazquez,L. Cruz , \Multiple Scattering theories including
Correlation e�ects to obtain the E�ective Dielectric Const ant of Non-Homogeneous Thin Films,"
Physical Review B32, 3429-3441 (1985). [Times Cited: 17]

CONFERENCE PROCEEDINGS

43. L. Fonseca,L. Cruz , W. Vargas, M. Gomez, \Theoretical Calculation of the Optic al Absorption of
Fractal Colloidal Aggregates Using a Multiple Scattering Formalism," Condensed Matter Theories8,
561, eds. L.Blum, F. B. Malik, Plenum Press, N.Y. (1993).

44. M. Gomez, L. Fonseca,L. Cruz , W. Vargas, \Calculation of Local Fields for Clusters of Ell ipsoids
within the T-Matrix Approach," Mat. Res. Soc. Symp. Proceedings195, 109 (1990).

45. M. Gomez, L. Fonseca,L. Cruz , \Local Electric Field Enhancements in Composite Materials due to
Metallic Clusters," Proceedings of the Intl. Workshop on: Electrodynamics of Interfaces and Composite
Systems4, 447, eds. R. G. Barrera, W. L. Mochan, World Scienti�c, N.J. (1987).

ABSTRACTS AND BOOKS

1. S. J. Yun, B. Urbanc, L. Cruz , G. Bitan, D. Teplow, H. E. Stanley, \Role of electrostatic i nteractions
in amyloid beta-protein (A � ) oligomer formation: A discrete molecular dynamics study," Biophys. J.,
195A-195A Suppl. S (2007), Abs.

2. Contributor to the \Dictionary of Pure and Applied Physic s," a volume in the Comprehensive Dictio-
nary of Physics, ed. D. Basu, CRC Press, Florida, USA (2001).

3. B. T. Hyman, R. B. Knowles, C. Wyart, S. V. Buldyrev, L. Cruz , B. Urbanc, M. E. Hasselmo, and
H. E. Stanley, \Plaque-induced neurite abnormalities: Implications for disruption of neural networks
in Alzheimer's disease,"J. Neuropath. Exp. Neurol. 58, 557{557 (1999), Abs.

4. R. B. Knowles, L. Cruz , B. Kutnjak{Urbanc, R. H. Christie, H. E. Stanley, and B. T. H yman, \The
e�ect of senile plaques and neuropil threads on neurite morphology in Alzheimer's disease,"Neurology
48, 3045{3045 Suppl. 2, (1997), Abs.

TALKS

? L. Cruz , \Geometry and Organization in the Brain: Possible Connections to Cognition," invited
Colloquium, Department of Physics, Yeshiva University, New York, February 17, 2009.

? L. Cruz , \Solvent and Mutation E�ects on the Folding of the amyloid b eta(21-30) decapeptide and
its relevance to Alzheimer's disease," invited Colloquium, Department of Physics, Drexel University,
Philadelphia, May 1, 2008.

? L. Cruz , \Age-related Loss of Neuronal Organization in the Brain Contributes to Cognitive De-
cline: Experiments, Quantitative Methods, and Computer Modeling," an invited seminar, School of
Biomedical Engineering, Science & Health Systems, Drexel University, Philadelphia, April 4, 2008.

? L. Cruz , \Low Temperature Conductivity in Polyacetylene," an invi ted seminar, Physics Department,
R��o Piedras Campus, University of Puerto Rico, April 27, 1995.

? L. Cruz , \Phase Diagram of Doped trans Polyacetylene Chains," 20 minute talk at the Materials
Research Science (MRS) Fall meeting, Boston, 1993.

TEACHING AND RESEARCH EXPERIENCE

� Tutor for the Tutorial Services Program, sponsored by the O�ce of Minority Education at MIT. These
tutorial services were open to all undergraduate MIT students and covered all undergraduate physics
and mathematics courses at MIT. 1992-1994
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� Instructor for the XL Seminar Program for freshmen at MIT. Included conducting seminars with small
group of students, teaching topics on general physics and calculus. 1992-1994

� Research Associate in the \Water and Molecular Networks" project at the Center for Polymer Studies,
BU. Role: coordinator of software development for the high school curriculum materials component.
Software included graphical programs on topics from ideal gas law, simple liquids, hydrogen bonds in
water, and granular materials tailored for inclusion in chemistry and physics courses. 1994-1996

� Research Associate in the \Molecular Dynamics Studies of Complex Fluids" project at the Center for
Polymer Studies, BU. Role: collaborator and co-author in scienti�c communications. 1996-1998

� Research Associate in the \Neuropathological Alterationsin Alzheimer's Disease" project at the Center
for Polymer Studies in collaboration with the Massachusetts General Hospital. Role: collaborator and
author/co-author of scienti�c communications. 1996-2004

� Research Associate in the \Center of Excellence for Learning in Education, Science, and Technol-
ogy" project at the Center for Polymer Studies and the Cognitive and Neural Systems Dept. Role:
collaborator in the development of middle and high school educational computer modules. 2004-2006

� Research Associate in the \Molecular Modeling of Amyloid � Oligomer Formation" project at the
Center for Polymer Studies in collaboration with the David Ge�en School of Medicine, UCLA. Role:
co-investigator and author/co-author of scienti�c commun ications. 2004-2008

� Research Associate in the \Spatial Analysis of Cerebral Cortex in Aging Monkeys" project at the
Center for Polymer Studies in collaboration with the Boston University School of Medicine. Role:
co-investigator and author of scienti�c communications. 2004-2008

COURSES

� Physics 102: Fundamentals of Physics II. Winter 08/09.

REVIEWER FOR THE FOLLOWING JOURNALS

� Proteins: Structure, Function, and Bioinformatics

� Journal of the American Chemical Society

� The Journal of Physical Chemistry

� BioMedCentral Neuroscience

CONTRIBUTION IN SECURING COMPETITIVE RESEARCH GRANTS (reverse chronological)

AGING RESEARCH:

� NIH R01 grant \Quantitative Analysis of Cerebral Cortex in A ging Monkeys,"
(Cruz /Rosene/Stanley, PI). Role: PI. 2008-2013

� NIH R01 grant \Spatial Analysis of Cerebral Cortex in Aging M onkeys," (H. E. Stanley, PI). Personal
Contribution : co-investigator and one of the lead writers of the grant application. 2005-2008

� NIH R03 grant \Methods for Spatial Analysis of Microcolumns in Cortex," (H. E. Stanley, PI).
Personal Contribution: co-investigator and one of the lead writers of the grant application. 2004-2006

ALZHEIMER'S DISEASE:

� Project #4 \ Ab initio Molecular Dynamics Simulations of A� Folding and Assembly," (H. E. Stanley,
Project Leader) under the NIH PPG grant \Pathologic protein folding and human disease," (D. B.
Teplow, PI). Personal Contribution: co-investigator. 2006-2011

� Alzheimer's Association Zenith Fellows Award \Understanding Formation of Neurotoxic Oligomers in
Alzheimer's Disease," (H. E. Stanley, PI). Personal Contribution: co-investigator and contributor to
the preparation of the grant application. 2005-2007

� NIH R21 grant \Molecular Modeling of Amyloid � Oligomer Formation," (H. E. Stanley, PI). Personal
Contribution : co-investigator and contributor to the grant application . 2004-2006
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� Edward C. Johnson Fund (Fidelity foundation) for research on Alzheimer's disease (H. E. Stanley, PI).
Personal Contribution: collaborator in the research and one of the lead writers of the yearly grant
applications. Funding support exceeded $1M over its duration. 1996-2003

RESEARCH IMPACT
� The �ndings reported in CV publication 19 that appeared in the Proceedings of the National

Academy of Scienceon November 9, 2004, regarding the loss of microcolumnar strength as a function
of age in area 46 of rhesus monkey brains, were reviewed in theAAAS Science online publication
Science of Aging Knowledge Environment, 2004 Iss. 45, pp. nf100, November 10, 2004. The review
article was entitled \Out of Whack, Out of Mind" and was writt en by M. Leslie. In addition, these
scienti�c �ndings were reviewed in an article that appeared in the NCRR Reporter XXVIII , No. 4
(2004), a quarterly magazine of the National Center for Research Resources of the NIH. The article
was entitled \Aging Neurons on the Move," and was written by T ina Adler.

� The main �gure illustrating the �ndings of CV publication 25 that appeared in the Proceedings of
the National Academy of Scienceon May 9, 2000, on the microcolumnar organization of neuronsin
the brain, won the honor to be featured on thecover of the May 9th issue. In addition, the scienti�c
�ndings therein were reviewed on a column inBioWorld Today, 11 No. 76 , April 20, 2000, under the
title \Physicists Correlate Neuronal Die{O� in Alzheimer' s Patients with Cortical Columnar Damage,"
by their science editor, David N. Le�. BioWorld Today is a newspaper for the biotechnology industry
that is faxed every day to leading biotechnology professionals and investors with high impact in Wall
Street and the business world in general. A feature article also appeared in the summer edition of
Bostonia in 2000 reviewing the main �ndings of the paper. The feature article was entitled \Columns
of the Mind: Alzheimer's Disease and Brain Architecture," and was written by their managing editor,
Taylor McNeil.

� The mathematical model with the corresponding clinical consequences contained inCV publication
30 published in the Proceedings of the National Academy of Science, Vol. 94, in 1997 were reviewed
on the fall edition of Bostonia in 1997. The feature article was entitled \Unraveling Alzheimer's" and
was written by their managing editor, Taylor McNeil.
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TECHNICAL EXPERIENCE

1985-1986 Experience with a JEOL 35CF Scanning Electron Microscope. U. of PR, Physics Dept.
1994-1995 Assistant System Administrator for the Center for Polymer Studies, BU, Physics Dept.
1995-2007 In charge of system administration for the Centerfor Polymer Studies, Physics Dept, Boston

University. Systems consist of Unix and Linux workstations that include two clusters { an 8
node dual Xeon and a 32 node dual Opteron { in addition to over 20 desktop workstations.

1998-1999 Experience with a Biorad 1024 confocal microscope with an X-Y stage encoder. Massachusetts
General Hospital, Neurology Service.

COMPUTER LANGUAGES, APPLICATION PROGRAMMING INTERFACES, TOOLKITS

� C, C++, Java, Perl, Python, Fortran 77, bash/tcsh Unix shell scripting, and experience in Message
Passing Interface (MPI) parallel programming.

� TCP/IP networking, BIND, NFS. Experience with the MOSIX loa d-balancing software.
� Graphical User Interface (GUI) programming using wxWidgetsC++ class library, FLTK, and Tcl/Tk.

Graphics programming using OpenGL, surface and volume rendering programming using C++ vtk Vi-
sualization Toolkit and SGI Explorer. Web scripting and programming in HTML, Tcl, and Javascript .

HARDWARE GRANTS
� Edward C. Johnson Fund grant (H. E. Stanley, PI).

Personal Contribution: Main writer of the grant applications, con�guration and or dering of the sys-
tems, hardware installation, software setup, and maintenance.
Equipment:

1997 Onyx2 with a Reality Graphics Engine and 24" monitor. (List price $130,000 )
1999 (i) VArServer 700, dual Pentium III 550mhz, eXtrm1100 Internal RAID; (ii) Dual Alpha-

21264 500Mhz, 1Gb Ram, Ultra2 Wide SCSI HD; and(iii) Dual Pentium III 600Mhz, Xi
Graphics. (List price $24,600 + $15,500 + $8,000 =$48,100 )

2000 Eleven (11) Pentium III 700Mhz, Ultra2 Wide SCSI HD, Elsa Gloria Graphis, 21" monitors.
(List price $4000 � 11 = $44,000 )

2001 Ten (10) Dual 1.2Ghz Athlon CPU, 512Mb RAM, Riva TNT2 Pro 32Mb AGP Video, 22"
monitors. (Total of $29,000 )

2002 Beowulf clusterconsisting of: (i) Master and eight (8) compute nodes: Dual Xeon 2.8Ghz, 1Gb
RAM, 40Gb 7200rpm HD; (ii) File server: Dual Xeon 2Ghz, 1Gb Ram, 10x160Gb 7200rpm
HD, 3Ware RAID, Gigbit ethernet; (iii) Web server node: Dual Xeon 2Ghz; and(iv) Backup
server: Xeon 2.0Ghz. (Total of $43,400 )

2003 Graphics Computer: E7500 Dual Xeon 2.8Ghz, 2Gb RAM, 2x36Gb 15k-rpm HD, Gigbit
ethernet, ATI FireGL X1 Video with 256Mb memory, 21" monitor . (List price $5,300 )

� IBM Shared University Research Hardware Grant (H. E. Stanley, PI), April 2002.
Personal Contribution: A lead writer of the grant application. Equipment: A 16 processor IBM p690
(Regatta) computer. (List price approx. $1M )

� SUN Academic Equipment Grant (H. E. Stanley, PI), May 2003.
Personal Contribution: A contributor to the grant application, con�guration and o rdering of the
systems, hardware installation, software setup, and maintenance.
Equipment: (i) Two Sun Blade 2000, dual UltraSPARC III 1.2GHz, and Sun XVR-100 graphics;(ii)
one Sun Fire 280R server, dual 1.2Ghz UltraSPARC III; and(iii) �ve Sun Blade 150 Workstation
550Mhz UltraSPARC III. (Total of $75,000 )

� ONR Hardware Grant (H. E. Stanley, PI), February 2005.
Personal Contribution: A contributor to the grant application, con�guration and o rdering of the
systems, hardware installation, software setup, and maintenance.
Equipment: Beowulf cluster: (i) A master node Dual Opteron 242, AMD 8111 Hyper transport, 1Gb
RAM, Gigbit ethernet, 3x120 Gb SATA 7200rpm HD; (ii) ten (10) compute nodes Dual Opteron 242,
4Gb RAM; and (iii) twelve (12) compute nodes Dual Opteron 242, 2Gb RAM Ethernetswitch Gigbit
48 port, NodeWatch Hardware and software monitoring, 44U Cabinet, KVM. (Total of $71,900 )
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PERSONAL REFERENCES

H. Eugene Stanley, Ph.D.
Professor of Physics & Physiology
Director of the Center for Polymer Studies
Boston University
590 Commonwealth Avenue
Boston, MA 02215
phone: (617) 353-2617
fax: (617) 353-3783
e-mail: hes@bu.edu

Douglas L. Rosene, Ph.D.
Professor of Neurology
Department of Anatomy and Neurobiology
715 Albany St., W701
Boston University School of Medicine
Boston, MA 02118
phone: (617) 638-4061
fax: (617) 638-4922
e-mail: drosene@bu.edu

David B. Teplow, Ph.D.
Professor in Residence
Department of Neurology
David Ge�en School of Medicine at UCLA
Neuroscience Research Building 1, Room 445
635 Charles E. Young Drive South
Los Angeles, CA 90095-7334
phone: (310) 206-2030
fax: (310) 206-1700
e-mail: dteplow@ucla.edu

Brad T. Hyman, M.D., Ph.D.
Professor of Neurology
Harvard Medical School
Massachusetts General Hospital
114 16th Street Room 2009
Charlestown, MA 02129
phone: (617) 726-2299
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RESEARCH STATEMENT
My main research interest lies in the study of complex system{ ensembles of simple components

that by simple rules of interaction exhibit complex overall dynamic behavior. Because the dynamics of
these systems are usually theoretically untractable, the best tool to study them is in many cases computer
simulations. Currently, I am actively involved in two very e ngaging topics dealing with two very di�erent
complex systems. In one, I am interested in the relationshipbetween the spatial organization of neurons
in the brain and known cognitive decline that normally happens in aged individuals. In the other, I am
interested in understanding the folding of the amyloid � -protein in the brain that is linked to neurotoxicity
leading to Alzheimer's disease. These two topics are connected in that they are both related in using
physics methods to understand relevant problems in biologyand neuroscience.

First topic: I am interested in studying the correlations between the spatial organization of neuronal
cells and cognitive decline in normal aging. In the late 1980s the prevalent theory for cognitive decline in
normal aging was the loss of neurons in the brain. However, this theory has been unsubstantiated leaving
us with the challenge of �nding a mechanism that while maintaining a constant number of neurons with
age, can predict a cause for the cognitive decline. My current working hypothesis is that loss of organization
in the spatial locations of neurons is linked to the loss of cognitive abilities, and that studying the nature
of this decay in organization will lead to the real culprit in the cognitive decline.

In addressing this hypothesis, one of the early studies in which I was involved indicated that neurons
that once formed strong so-called microcolumns do not form such a well-de�ned structure in Alzheimer's
disease (CV publication 25 ). This was determined by using a novel approach called the density map
method. I was involved in the initial developments of this method in CV publication 25 and later
expanded its de�nition in CV publication 17 .

Figure 1R: Averaged density maps for areas 46
and TE of the rhesus monkey brain. The central
dot is the neuron at the origin. The central verti-
cal columnar region indicates a higher probability of
�nding neurons up and down the neurons at the ori-
gin, and the white surrounding area is the low proba-
bility of �nding neurons due to mass exclusion, i.e.
neurons cannot overlap. Microcolumnar structure
decays rapidly with distance from the origin, partic-
ularly in the lateral direction.

The density map method creates a two-dimensional map of local density in a region of interest (ROI).
This map gives detailed information about the average distribution of objects calculating the average
neuronal neighborhood surrounding a typical neuron within a larger ROI. As an example, if neuronal
locations were uncorrelated, the density map would be a uniform unstructured image. For the case of
neurons in cortex, we observe a strong columnar structure that ascends towards the surface of the brain
with dimensions comparable to structures known in neuroscience as mini- or microcolumns (Figure 1R).

My colleages and I have quanti�ed microcolumns in the cortexof rhesus monkeys using brain samples
provided by the Boston University School of Medicine and theYerkes National Primate Research Center
at Emory University in Atlanta. We showed that speci�c micro columns can be characterized by quantities
that we de�ned as \measures of microcolumnarity" (CV publication 17 ). These measures quantify for
example the most aparent di�erence between the two density maps shown in Figure 1R, that the length
of the central ridge is shorter for area 46 than for area TE, thus accurately indicating that microcolumns
themselves have a longer e�ective length. Related to Alzheimer's disease in humans, this particular property
of microcolumns, their length, was shown by our group to be the one that was mostly imparied in Alzheimer
patients (CV publication 25 ).

In more recent work (CV publication 19 ) I found that unlike in Alzheimer's disease, not length
but strength of microcolumnarity, one of the measures of microcolumnarity that quanti�es the number
of neurons belonging to a microcolumn relative to the average neuronal density, changes in the rhesus
monkey brain during normal aging. In this same work I proposed a mechanism for the observed decrease
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in microcolumnar strength. Speci�cally, I proposed that neurons in rhesus monkey brains that lined up in
orderly fashion, one above the other in these microcolumns,slightly fall out of place (subtle displacements)
as the animals age. In addition, the amount of this \disorganization" correlates with experimental results
on declining cognitive performance on rhesus monkeys (CV publication 7 ). My work has shown that
displacements of as little as one neuronal diameter (about 10 microns) are enough to completely disrupt
the microcolumn's vertical organization (CV publication 17 ). This hypothesis was formulated using
computer simulations (�rst developed in CV publication 23 ) where neuronal positions from real tissue
were slightly randomized and the strength of microcolumnarity was obtained as a function of total neuronal
displacement.

My studies described above can be very good indicators of what are the real causative anatomical
changes that are re
ected in the loss of neuronal organization, such as atrophy of synapses and dendrites.
To this end, I am currently designing computer models that reconstruct the three-dimensional positions
of neurons in the brain using as input previously published microcolumnar measures available from our
density map calculations. An example con�guration is shownin Figure 2R where I built the model using
only the x,y experimentally-determined positions of neurons from Nissl thin sections fromCV publication
17. The method to build this three-dimensional reconstruction is presented inCV publication 11 .

Figure 2R: Front (A) and top view (B) of an ex-
ample con�guration at the �nal step of reconstruc-
tion. The white spheres represent excitatory pyra-
midal neurons while darker spheres represent in-
hibitory interneurons. As a guide to the eye, each
neuron has a vertical thin line whose base in the x-z
plane is indicated by a thin cross.

One of my immediate goals is to apply this three-dimensionalmodel to understand changes in neuronal
organization from control and aged brains. Comparison between these two age groups can lead to hypothesis
formulation on the e�ects of normal aging on microcolumns in the brain. To this end, I have started
computer simulations where the neurons in the model are the simple components of this complex system
that can undergo simple "random walk" displacements and interact between each other as hard balls (CV
publication 1 ). The experimental goal of this part of the project is that my results will be mapped
from the computer model to real anatomical changes available from my collaborators using �lled cells
and sequential tangential sections from thick block sections of brain samples. Preliminary results show
that age-related neuronal displacements parallel to the surface of the brain, rather than parallel to the
microcolumnar axis, are consistent with the microcolumnar disruptions observed in our previous work.
When applied to real brain anatomy, these results postulatethe hypothesis that peripheral dendrites,
rather than apical ones, are more likely to undergo atrophy or retraction as a function of age.

Another important goal in this project is to use the three-dimensional model to understand neuronal
organization in brains of patients with neurological disorders. The 
exibility of the model allows for studies
of changes in the 3D locations of neurons in the brain as a function of the pathological variables, such as
plaque burden and severity of disease in Alzheimer's disease.

This work on spatial organization of neurons in the cortex has been supported by the National Insti-
tutes of Health, grants number R03-AG024633 and R01-AG021133 (Stanley, PI). At present my colleages
and I recently submitted a more extensive and ambitious 5 year renewal application (Cruz /Rosene/Stanley,
PI) that proposes to directly investigate the neurophysiological mechanisms of aging in the rhesus monkey
brain by taking the hypothesis of random neuronal displacements and relating these to changes in dendrite
arborization (peripheral vs apical atrophy as hypothesized in the previous paragraph), changes in spatial
distribution of glial cells, and changes of measures of microcolumnarity throughout the cortex.

Second topic: In this second topic, I am interested in understanding the initial stages of folding of
the amyloid � -protein. The importance of this research lies in the evidence provided by experiments
that the folding and aggregation of the amyloid � -protein into oligomers is a key pathogenetic event in
Alzheimer's disease. Understanding how the folding happens at an early stage may be crucial to inhibiting
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the pathologic forms of the aggregated amyloid� and could be e�ective in the prevention and treatment
of Alzheimer's disease (CV publications 13 and 14 ).

Using all-atom molecular dynamics simulations in various types of explicit solvent, I studied the
dynamics of folding of a decapeptide segment of the amyloid� (from amino acid 21 to 30 only) (CV
publication 16 ). This decapeptide has been shown experimentally to nucleate the folding process of the
larger amyloid � . I also studied the decapeptide with an amino acid substitution linked to a hereditary
type (Dutch) of Alzheimer's disease. The solvents I used were pure water at normal density, pure water at
reduced density, and normal water with salt ions.
Figure 3R: Top (A-C) and sideways (D-F)
views of the A� (21-30) decapeptide at a particu-
lar frame of a simulation showing hydrophobic col-
lapse in addition to a saltbridge between amino acids
Asp and Lys. In (A) and (D) only the backbone is
shown as a tube, in (B) and (E) the amino acids
Val and Lys are shown to show closeness, and in
(C) and (F) Asp and Lys are shown forming a salt-
bridge (Yellow line). For clarity, the solvent water
is not shown.

The results of this study show that hydrophobic interactions and internal salt bridges between some of
the amino acids drive the formation of a loop con�guration{a lso present in experiments. In Figure 3R I
show a snapshot from a simulation where the hydrophobic collapse between the Val and Lys amino acids is
being assisted by a salt bridge between amino acids Asp and Lys. A similar situation occurs where a salt
bridge between amino acids Glu and Lys forms and assists the hydrophobic collapse. Although these two
salt bridges occur with less frequency than the hydrophobiccollapse, they assist in the overall formation
of the loop of this decapeptide. In the �gure we can see that there is a very well de�ned loop between
amino acids Val and Lys while both ends of the chain are able tomove more freely although not enough
to destabilize the loop.

In addition, I observe in these simulations that salt ions disolved in the solvent water enhance the
stability of the loop while solvent water with a reduced density (negative pressure system) induces the
formation of a helix, as may be expected from environments with less water such as cell membranes,
plasma, and cerebrospinal 
uid. Also, simulations of the peptide with the Dutch mutation in water, in
contrast to the wild-type peptide, fail to form a long-lived Val-Lys (hydrophobic) loop, suggesting that
loop stability is a critical factor in determining whether A � folds into pathologic structures.

Because the loop conformation found in my studies, as well asthe one also found in the full length
amyloid � , are implicated in the initial stages of folding, my studies indicate the detrimental importance
of mutations while factors such as changing the solvent environment may prove to be of importance in
preventing the pathologic folding to occur in the �rst place .

My current goal in this project is to analyze the stable con�guration of this decapeptide using other
force �elds. Up to now I have used the CHARMM-27 force �eld wit h the facilities of the NAMD 2.0
program and now I am extending these calculations to use the OPLS/AA force �eld with the GROMACS
package. Preliminary results indicate that the decapeptide using the OPLS/AA force �eld, in contrast
to the CHARMM force �eld, can develop a metastable � -hairpin conformation. This is an important
result because the development of secondary structure suchas this would reduce the exposure of the
decapeptide to water, thus precluding the formation of larger sized conglomerates of many peptides known
to be detrimental to neurons in tissue. I am currently working on extending these studies to study other
mutations of the amyloid � , such as the Artic and Iowa familial mutations.

This work on the dynamics of the amyloid � -protein decapeptide has been supported by the Fidelity
Foundation, the Alzheimer's Association Zenith Fellows Award (Stanley, PI), and the National Institutes of
Health, grants number R21-AG023661 (Stanley, PI) and our newly funded program project P01-AG027818
with Dr. David Teplow (PI) from the David Ge�en School of Medi cine at UCLA.
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TEACHING STATEMENT

I am very enthusiastic and looking forward to regularly teach academic courses. Speci�cally, I am
interested in teaching both graduate and undergraduate courses that include topics in, but are not limited
to, General and Modern Physics, Statistical Mechanics and Thermodynamics, Computational Physics,
Quantum Physics, Solid State, and Polymer Physics. In addition, because of my involvement in interdis-
ciplinary research in biology, biochemistry, and neuroscience, I would like to teach courses in areas that
cover topics from molecular modeling, chemical statistical mechanics, chemical dynamics, dynamics, and
forces and bonding, as well as to develop new courses that incorporate new tools for quantifying patterns
and organization in biological systems.

My teaching style leans towards the traditional use of chalk and board for lecture and discussion.
However, I am open to using new methods of presentation, suchas (but not limited to) PowerPoint
presentations. I am aware that these types of presentationssometimes can create a disconnect between
lecturer and student, so I usually like to engage the studentin active learning. For example, I like to
actively involve the students in the lecture presentation in order to maintain a high level of attention in the
presented material and to resolve questions that otherwisemight remain hidden. I usually involve students
by asking simple questions to both, get some feedback on how they are understanding the lecture and to
break the barrier between lecturer and student. I think that by engaging the students in the lecture one
drives the lecture from passive to active learning.

I would also like to integrate interactive computer programs in the lecture to interactively show dy-
namics of complex phenomena in real-time. I have been involved for many years in Gene Stanley's group
from Boston University in the development and testing of software modules tailored for students from mid-
dle school to graduate level. Although these modules have been developed under di�erent funding sources
and under di�erent projects, they all follow the philosophy of teaching by self-discovery. That is, these
software modules allow for teacher-guided student-led investigations. Some of these educational computer
models teach concepts in complex system dynamics, such as granular media and Lennard-Jones particle
systems. Under auspices of the NSF, these modules were recently merged by Stanley's group into a com-
plete application with accompanying curriculum into the VM DL (Virtual Molecular Dynamics Laboratory)
application. This software and curriculum are currently in use in several high schools accross the nation.
This software deals with topics on states of matter, ideal gases, energy, reactions, real gases, molecular
motion, and thermochemistry. Although the curriculum has not been adapted to the undergraduate level,
the current material is very well suited for undergraduate introductory courses without major revisions.
Its main website can be found at http://cps.bu.edu/educati on/vmdl/index.html

Recently, I collaborated in the design and development of computer modules that deal with models
of mind and brain. Under the auspices of the NSF, the CELEST Education Thrust (under the Center
of Excellence for Learning in Education, Science, and Technology { an NSF Science of Learning Center)
has working prototypes of software modules that deal with memory, recognition, and brightness/contrast
phenomena. All of these modules are being designed to be usedwith students from middle school to
students at the graduate level. The current website is at http://cns.bu.edu/celest.

In addition to the two software projects above, I have developed several multiplatform visual programs
for my own research that are also appropriate for use in classroom presentations and as part of homework.
The unifying theme of all of these programs is to allow the graphical interaction of the user in the discovery
and analysis of the phenomena under study. These programs run in either Windows or Linux platforms and
their hardware and software requirements are easily met by personal computers. One of these programs
deals with the hydrodynamics of incompressible two dimensional 
uids using the \lattice gas" (LATG)
algorithm. This algorithm is capable of considering laminar 
ow in the presence of arbitrarily shaped
obstacles such as a tilted slab, and show eddy formation by real-time 
ow lines. It can also show phase
separation of binary mixtures (Figure 1E), capillarity, im bibition, and wettability e�ects in porous media.

This program is ideal for designing a course on complex 
uidswhere concepts about laminar 
ow in
a tube could be taught and the velocity pro�le across the tubecan be easily quanti�ed. Phase separation
is also a good candidate for a course where students perform an experiment measuring the typical size of
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the domains as a function of time and plot this quantity in log-log and semi-log paper to discover possible
rules of growth. Another topic is capillarity, where the program can show how, in a tube separated by
two immiscible 
uids, the 
uid with an attractive interacti on with the wall of the tube can creep and
push the other liquid under the in
uence of the capillary for ce. The program can also extend the concept
of capillarity to understand how two immiscible liquids behave inside a porous material where topics on
imbibition, pinning, and wettability e�ects can be illustr ated.

Figure 1E: Screen capture of the LATG pro-
gram. The images show a system with two immis-
cible phases that are initially mixed (left) and later,
as the system evolves, the mixture separates into two
phases (right). At very long simulation times, the �-
nal state of the system is a total separation of the
two phases.

I also wrote a newer version of the lattice gas program but using the Lattice Boltzmann algorithm
(LBA) that in addition to exhibiting the same behavior as in t he lattice gas model, it is able to show phase
separation of multiphase mixtures where the \force" of interaction between any two liquids is tunable by
their interaction matrix. An advantage of the LBA is that it c an also show the momentum phase space.
This program is also appropriate for student use as the graphical user interface allows for complete control
of the simulation, reading and saving of obstacle data, background jobs for longer simulations, and easy
visualization of the behavior under study.

Figure 2E: Screen capture of the PN program. The
main window contains two panes with neurons (left)
and senile plaques (right) on a cross-correlation
analysis calculation. The other windows show other
capabilities of the program, for example interactive
image �lters, local density histograms, plaque radius
of gyration graphs, and zoom. The graphical user
interface is writen in the scripting language tcl/tk,
using OpenGL as the graphics toolkit. The program
runs on personal computers running Windows or
Linux.

Figure 3E: Screen capture of the CRUSH program.
The main window shows the \growth" of a circle,
representing a senile plaque from an Alzheimer's
disease brain, and pushing (non-overlaping) smaller
cells around that could represent neurons in the cor-
tex. The blue circle indicates the radius or farthest
distance of reaction, i.e. the distance of the farthest
small sphere that was moved due to the growing cen-
tral sphere. The yellow circle denotes the average
radius or distance from all of the distances of the
particles whose positions got updated.

For my research in neuronal correlations in aging monkeys, Iwrote a program to visually perform
all of the microcolumnar analyses and cross-correlations in the PN program (Figure 2E). I also designed
this program with a user-friendly interface that can be used for classroom demonstrations of topics in
correlations, cross-correlations of two co-existing populations (like neurons and glia in the brain), radial
density pro�le from the center of objects, and soon the possibility to use it to apply automatic neuronal
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recognition algorithms recently developed in our group.
Another module of interest is one that uses molecular dynamics of a system of hard spheres to study

two-dimensional sphere packing and its disruptions due to a\growing" sphere in the middle of the �eld
(CRUSH) shown in Figure 3E. This program was used to study di�erent ways by which amyloid plaques
could grow by aggregation phenomena and disrupt the neuronal organization in the brains of Alzheimer
patients. There are again many topics that this program can teach, for example the maximum close packing
of spheres when they are placed at random possitions versus close packing in a hexagonal lattice. This
di�erence is important in topics that range from the arrangement of microcolumns in the cortex to packing
of DNA strands in the cell.

Finally, for my research in all-atom molecular dynamics of the A� (21-30) decapeptide, I wrote a
protein visualization program (ProtsView) to facilitate t he preparation of the initial conformations that I
use to run my simulations as well as to analyze intermediate and �nal states of this peptide. In Figure 4E
I show two views of the main window depicting the molecules under analysis, along with other auxiliary
dialog boxes used for controlling the graphics of the program.

Figure 4E: Screen capture of the ProtsView pro-
gram. The �gure shows two views of the main
window, one showing a whole-scene view and the
other showing a closeup of the molecules, that in
this case they are two A� (1-42) molecules forming a
dimer characterized by a beta-sheet secondary struc-
ture. The window with text output (red font) is the
console, the lower window is used to quickly frame
any amino acid in the chains for rapid viewing,
the lower-center window adjusts the rotation of the
camera, and the upper right window toggles di�er-
ent views of the system, from showing small spheres
(shown) to Van der Waals radiuses, to showing pep-
tide bonds as tubes or lines, among other views.

The program ProtsView also has the capability to automatically \resolve" steric clashes that the
molecular system could potentially have by rotating the side-chains of the amino acids such that overlap
would be elliminated between atoms, while also permiting the user to manually change the orientation of
any of the amino acids in the molecular system. The program also has many menu-driven functions to
analyze the structure of the molecular system including theconstruction of \contact maps," that show
degree of closeness between amino acids in a matrix representation.

The ProtsView program is ideal for courses that deal with anydiscussion of the physics and biochem-
istry of molecular processes, as it allows interactive and \personal" involvement of the student with the
system under study. It can also be used as a tool in the preparation and analysis of molecular conformations
in a molecular computational course.

Besides the graphical programs shown above, I have written other graphical programs to either help
in my research or to illustrate physical and biological phenomena, but the ones shown above are a rep-
resentative collection of all of the programs that I have developed. These other programs: illustrate
di�usion-limited aggregation (DLA) and aggregation-disa ggregation processes in cluster growth, perform
molecular dynamics simulations of two-dimensional systems, allow general tools of 3D visualization of data,
and allow the interactive use of the Persistence of View Raytracer.

The LATG, LBA, PN, CRUSH programs (and some of the others but not yet ProtsView) are described
in http://polymer.bu.edu/cruz in more detail under the Researchand the GUI in Research links.
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