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This grant was to support fabrication of equipment for the muon (g – 2) experiment
at Brookhaven National Laboratory (BNL). This project is a multi-national collaboration
which includes collaborator horn” Japan, Russia (Siberia), and Germany as well as U.S.
university groups and Brookhaven Laboratory physicists and engineers. V. W. Hughes
(Y&) and B. L. Roberts (Boston) are the co-spokesmen for the project. The apparatus
consists of a 7.112 m radius muon storage ring, with four separate superconducting coils
to excite the magnetic field. A superconducting inflector serves to interface the beam line
to the muon storage region. Electron detectors are positioned outside the vacuum region
which encloses the storage region. Substantial electronics interface the detectors to the
data acquisition computer.

Over the period of this grant, which ran from February 1995 through August 1999,
major amounts of equipment were fabricated or purchased for three subsystems of the
experiment.. the superconducting storage ring, the muon beam vacuum chamber and the
fast muon kicker.

All of the equipment which was fabricated or purchased for the (g – 2) experiment has
bmn delivered to Brookhaveri Lab and is installed in the experiment.

Ail of these systems are now fully operational, and in 1999 and 2000 we have accu-
mulated 1 x 1010 high energy electrons from muon decay in our storage ring. Before this
cxpmiimwt started, a previous experiment at CERN had collected 4 x 107 such events.
Thus wc have accumulated 250 times as much data as the previous experiment.

WC have made numerous presentations at conferences over the past two years where
rmults from carlim data sets have been reported. WC have published one paper, R. Carey
et id.. Phys. Ryv. Lctt. 82, 1632 (1999). and a second paper on the first data collected
yith the muon kicker is in preparation.
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gap penalties of 2.4/0.15 and 2.0/0.15, respectively, while the positive rriatrices were the
worst performers. The derived functions and parameters can be used for fold recognition
[1].

Application of the method for recognition of remote homologies

The optimized fold recognition protocol led to an important discovery. The newly
derived statistics of structural significance of the semi-global sequence alignment scores,
as well as the optimized parameters of sequence comparison allowed us to establish a
reliable structural similarity between the recently identified gene TSG101 and a family of
ubiquitin-conjugating enzymes (UBC) [2]. The TG101 gene contains deletions in 40% of
analyzed primary breast cancers but not in normal breast tissue from the same “patients,
suggesting that it maybe important in ‘the development of non-hereditary breast cancer,
which accounts for 95% of the disease. The top hits in the SWISS-prot database were the
yeast enzyme (YCLO08C) with the p-value of statistical significance as low as 10-16 and
the ubiquitin conjugating enzyme TJBC2_YEAST (p-value 10-7). Further support for the
structural relationship between TSG101 and ubiquitin-conjugating enzymes was provided
by the analysis of a 3D model of TSG101, which was constructed and energy minimized
using the ICM method. The model shows that all the essential residues surrounding the
active site cystein and conserved in UBCS are also present in TSG101 [2]. A PH-dornain
study was another extensive application of the method to an important biological problem
[10].

CED-4, the key component of a programmed cell death pathway, is one of the most
investigated proteins currently in biology, yet no functional or structural information has
been derived from its sequence. The multilink principle and the newest stmctural
statistics led us to the discovery of a structural relationship between CED4 and the AAA
family of ATPases. As foreseen in our proposal, the direct sequence comparison does not
identify any reliable similarity. However, an intermediate genomic sequence for C.
elegans establishes the necessary link between CED4 and the AAA family. The
probabilities of the two links are the following: CED4-> C.eleg.protein (p-value=lO-
4.45), and C.eleg.protein -> AAA ATPase (p-value= 10-19.4). A careful analysis of the
mutations and motifs confirmed the finding.

CAD

To compare the results of the inverse protein folding we developed a new measure of
structural similarity [5]. This unified measure attempts to evaluate the accuracy of three-
dimensional atomic protein models. A normalized sum of absolute differences of residue-
residue contact surface areas are calculated for a reference structure and a model. It
employs a more rigorous quantitative evaluation of a contact than previously proposed
contact count based measures. We argue that the contact area difference (CAD) number
is a robust single measure to evaluate protein structure predictions in a wide range of
model accuracies, from ab initio and threading models to models by homology, since it
reflects both the local secondary structure and packing geometry, is smooth, continuous
and threshold-free, is not sensitive to typical crystallographic errors and ambiguities,
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adequately penalizes domain and/or secondary structure rearrangements and protein
plasticity, and has consistent linear and matrix representations for more detailed analysis.
The CAD quality of crystallographic structures, NMR structures, models by homology,
and unfolded and misfolded structures is evaluated. It was shown that the CAD number
discriminates between models better than the Cartesian root-mean-square deviation
(cRNISD). The source code of the program calculating the CAD measures was made
available for the scientific community and was used by the assessors of the CASP
competition.

Modeling

Structural recognition enables one to build models and use them to reach biological
conclusions. We used the optimized matrices and alignment parameters to derive models
of several biomolecules in order to understand their function and structure. In a series of
three papers [8,9,13] we showed how we built three-dimensional models and identified
the active sites in CD59 proteins. Our analysis enabled us to understand the function of
this class of proteins and explained the complex pattern of cross specificity observed in
different species [9,13]. A number of models were built (e.g. 12) based on our optimal
parameters.

The research conducted over the life of this project has prepared us to meet the
challenges of future human genome projects.
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