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In contrast to X-ray crystal structures, NMR solution struc- ‘e ::©8 ?5

tures of biomacromolecules are reported as a family of 10 or 20E8 L0 S ST TITE I LI AT T
more structures. All members of the family satisfy the -2 P 0008880000098
experimental NMR constraints and retain good stereochemistry, _|® o 0000000 Coee-
but some regions of the structure are much better defined than2® ‘o 4% 33 c8el
others. An unsolved problem in the analysis of the structures [ o 31 oel
producgd by NMR spectroscopy is ho_w to unamb|guously 3 ‘e i o eosoeds vo Soos
determine which regions are well-defined and which are " }e s OEEEEe 8O0 OO0 eCee-
disordered. This communication presents a rapid, exhaustive, [e ; cesoceled 00 08ee]
and unambiguous method for determining which regions of a 35F% e e 5 o=
structure are well-defined in a family of NMR structures. B340 45 5 S PR egcfOp 0]
The standard approach for identifying well-ordered domains [990080808900809080096800806000008890 '\

is a trial E.md error process of Superimposing members of the Figure 1. Average standard deviation matrix (ASDEM) for BNBD-
NMR famlly until one finds ranges Qf residues that SUPENMPOSEe 15 The matrix contains elements,, with values 0.20 A< ¢ < 0.30
well. This process involves a limited number of possibilities 2 030 A < ¢ < 0.40 A and 0.40 A< o indicated by open circles
and many subjective decisions. Distance matticeprovide circles containing dots, and black circles, respectively. White space

a method for comparing structures without superposition. A ingicates elements withm, < 0.20 A. The horizontal and vertical guide
method has been described for identifying well-ordered domains ines delineate the domains identified with a cutoff of 0.30 A.

using an iteratively filtered distance matrix projected into one
dimensiort As described below, however, there are benefits

to using an approach based on two-dimensional distance A
matrices.

A new, two-dimensional approach based on distance matrices
has been implemented in the program ASDENMASDEM
produces a matrixA, whose elements indicate the amount of
structural variation between two residues in an NMR family of
structure& (Figure 1). If two residuem andn belong to a well-
ordered domain, their corresponding matrix eleméat, will B
have a small value. Well-ordered domains, therefore, give rise
to submatrices that contain elements with small values (e.g.,
residues 1%+13 in Figure 1). If, however, a residue is in a
poorly defined domain, the rows and columns containing this
residue will have large values (e.g., residue 1 in Figure 1).
Lastly, if two well-defined domains are not ordered with respect
to each other, they will produce small values for all intradomain Figure 2. Superposition of the 20 BNBD-12 structures. The superposi-
elements but large values for the interdomain elements (e.qg.,tions used the N, £ and C atoms of (A) domain 2 (3013, 22-27,
residues 69 and 1113 in Figure 1). In practice, the only ~ 32—36) from the original NMR analysis and (B) domaih(21-13,
adjustab|e parameter in this ana]ysis is a “cutoff value” used to 23—34) defined in this work using a cutoff level of 0.30 A Residues
define well-ordered and disordered elements (disordered herel—5 are disordered and omitted for clarity.
means relative to the cutoff, not completely disordered)A. ) ) i
is less than the cutoff, residuesandn are well-ordered with The ASDEM method was applied to the 38-residue peptide
respect to each other. ConverselyAif, is greater than the ~ bovine neutrophip-defensin-12 (BNBD-12). The structure of

cutoff, the residues are disordered with respect to each other. BNBD-12 has been determined by NMRnd was found to
contain two well-ordered domains: domain +® and domain

(1) Phillips, D. C.Biochem. Soc. Sym@97Q 31, 11—28. 2 (10-13, 22-27, 32-36). TheA matrix was calculated from
32(21)3lglilshli|§%\;/a, K.; Ooi, T.; Ysogai, Y.; Saito, N.. Phys. Soc. Jpii972 the 20 BNBD-12 structures deposited in the Protein Data Bank.

, L : . A cutoff value 0.30 A shows three well-ordered domairis: 1

(3) Richards, F. M.; Kundrot, C. EProteins1988 3, 71—84. - .

(4) Nilges, M.; Clore, G. M.; Gronenborn, A. MEEBS Lett1987, 219 (6-9), 2 (11-13, 23-34) and 3(16-20) (Figure 1). Domain
11-16 2' is the same size as domain 2 in the original NMR analysis:

(5) ASDEM is written in FORTRAN 77 and is available from http:// i i i i
spot.Colorado.EDU{kundrot/Home.html or from kundrot@colorado.edu. 15 residues. However, eight of the residues differ. The average

(6) The elements in the average standard deviation matrix (ASDEM), f00t-mean-square diameter (rmsd) for superimposing the 20

Ann, are calculated as follows. The distance maBiXelementD; equals structures is 0.45 A for the original domain 2 but only 0.29 A
the distance between atornandj of the molecule) is calculated for each

family member. The standard deviation of elemént o, is calculated (7) Zimmermann, G. R.; Legault, P.; Selsted, M. E.; PardiBlchem-
over theN structures comprising the family of structurég is the average istry 1995 34, 13663-71.

value ofgjj calculated over all atonign residuem and all atomg in residue (8) Bernstein, F. C.; Koetzle, T. F.; Williams, G. J. B.; Meyer, E. F. J.;
n: Amn= [&;0In this example, only the N, £ and C atoms of each residue  Brice, M. D.; Rodgers, J. R.; Kennard, O.; Shimanouchi, T.; Tasumi].M.
were used. Mol. Biol. 1977, 112, 535-542.
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for domain 2 identified by the ASDEM method (Figure 2). is a cutoff of 0.40 A. This level shows a new well-ordered
Domains 1and 3 have average pairwise rmsd values of 0.46 domain: 4(36—38). Domains 1land 2 would increase further
and 0.49 A, respectively. Figure 1 also shows domaiwtich to (6—10) and (1113, 22-35), respectively, while domain 3
corresponds exactly to the original domain 1, and domain 3 would remain at (1620). Even at the 0.40 A cutoff, residues
which was not identified in the original analysis. Thus, 1—5 are disordered with respect to themselves and the rest of
compared to the original superposition analysis, the ASDEM the protein.

method finds a large domain of the same size, but of better To summarize, the ASDEM method allows one to identify
order, and it identifies an additional well-ordered domain. well-ordered and disordered domains within a family of NMR

The ASDEM method allows one to unambiguously assign structures in a rapid, exhaustive, and unambiguous way. The
each residue to a well-ordered or disordered domain for a givenmajor advantage of this method is that all pairwise comparisons
cutoff level. Using the 0.30 A cutoff level, the assignments of residues take place in a single matrix, and, given a cutoff
are -5, disordered; €9, domain 1, 10, disordered; 1113, level, the assignment of residues to well-ordered or disordered
domain 2; 14-15, disordered; 1620, domain 3 21-22, domains is unambiguous.
disordered; 2334, domain 2 35—38 disordered. )
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