Protein NMR Reference Correction—A Statistical Approach for an Old Problem
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* Introduction Figures 2 and 3 below are 2D scatter plots of C, and C; = * Highlight Core SAS® Software Code
NMR is a powerful and established tool for studying chemical shifts from the Re-referenced Chemical Shifts = /* structure the chi_square function.*/
biomacromolecules. However, accurate chemical shifts Database (RefDB) for a few amino acid types.
assignments are a requirement for many aspects of
biomacromolecular NMR, especially protein structure ° °
determination. While 4,4-dimethyl-4-silapentane-1-sulfonic
acid (DSS) is the established reference standard for

proc iml;
start Chi star f(r, secondaryStructure);
use 1nvcov;
read all var{SD CA COV 1 COV 2 SD CB} into X where(SS =
Chi star = j(nrow(X), 1);

- . do i =1t X) ;
biomacromolecular NMR, proper use and referencing of ° = I tomnrow(X) N
. . ) . invMat = 3 (2,2, (X[i]));
NMR spectra using DSS is a non-trivial step (especially for chiStr = r*invMat*r'

non-experts). Therefore, computational methods for Chi_star[i] = chiStr;

accurately detecting and correcting referencing errors are

end;

needed. iiiiini?ziiv;tar) ;

We are developing a unique statistical-based method finish; B '
to refine reference values by comparing assigned amino acid store module=Chi_star_f;
composition probabilities with the known amino acid quit;
composition of the protein being investigated. The method . L ; ;
estimates the probability that C, and C, resonance pairs * Preliminary Results V\_/hlg:h IS robust enc_)ugh for detecting and correcting
from the NMR data arising from 19 standard amino acids I | A prototype of the m_ethod has be_en S|gn|f|cant referencing errors.
(excluding glycine) and sums the probabilities across all . i implemented. We have estimated covariance ~ Figure 5 below shows the sum of absolute
resonance pairs to give an estimate of amino acid : ° matrices from an analysis of the RefDB, including differences for the bmr6032 dataset for two variations
composition. Next, the method employs a simple grid search separate matrices for the two states of cysteines. of our method: with and without covariance and
of the chemical shift reference value to find a minimum Figure 4 below summarizes the testing of our separate covariance for reduced and oxidized
difference between predicted and actual amino acid method using all 3000 datasets in the RefDB. cysteines. The figure demonstrates a much better
composition. f 1 i The top plot shows the sum of absolute differences  agiction of amino acid type when both covariance
. f;;‘“ o~ _____# « Protein NMR = = ?etvveen _pre;jlcttid %nd ggguzalda{mnct) aC|dh ol and separate cysteine states are used. The plot also
i, Statistical Features gt sy || shifts are shifted in a grid search. The plot shows  demonstrates how much more sensitive the covariance

Cr v da % At . The key concept of this . Algorithm Formulism two deep local minima and a middle weak local
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I e T T e = The chemical shifts between C, and C, are not independent = minimum corresponding to three major types of . .
. . . i ——n il ™0 the statistical features of _ a B =" . el : Implementation.
A e mta o - - [Figure 2, 3]; they are correlated. This is an important secondabry Istructure. helix, beta—shﬁet, ?nd ((310||-The P
il e Met S i ‘ot mean absolute correction across all RefDB datasets :
T 4 v & o % separate distributions due observation that allows us to use statistical theorem to « Conclusion

secondaryStructure) ;

with separate cysteine states implementation is to
referencing error over the less sophisticated

This project will provide the biomolecular NMR

s - A gecondary structure. resonances represents each of the 19 amino acid types: e field with a unique tool that allows the spectral
TR ““‘“‘"‘im = % Overall, chemical shifts X -X)"2X = X)~x5 o iree refgrencing to be corrected at the beginning of protein
A Pt * ar  * ¢ distributions Indicate that « Covariance Matrix B NMR data analysis. Current reference correction
o v el Cawd? 7 m the alpha carbon (Cp) is in During the analysis, we realized that the cysteines S ' methods rely on later retrospective analyses that
W j —= the range of 50-70 ppm needed to be treated as separate states based on its two '=[covg;,i sd;,{] womne  FEQUIres assigned chemical shifts or even protein
AL T - — i) Tr . . =1 i = helix, beta sheet, coi E S and separated Cys .
o & e oga e ae—+ » and the beta carbon (Cp) dominant chemical forms—oxidized and reduced. The s 4 /\/ structure. Our method should result in more accurate
L L T - 1) th_ehrange of 15-f45 overly-spread distribution of the cysteine chemical shifts in 0538311 — T spectral referencing at the beginning of data analysis,
BEEEE Beta strand beta Carbon m  Beta strand aloha Carbon m, with exceptions for ' ' ' Figure 4. Sample Resultsand Figure 5. Residuals decrease with - - - :
— 3et|ixt§etadc:rt§or?b |_ 5et|ix;|ph:c:ﬁgor$b PP - p Flgu_re 1 visualizes the fundamental prObIem caused by Algorithm Performance across all the incorporationof covariance and Cys Improving both the Speed and qua“ty of prOtem
Coil strand beta Carbon Coil alpha Carbon egC|ne, tthOnlne, aﬂd treatlng them as one State RefDB datasets treated as two separate AAtypes resonance aSS|gnment and downstream NMR-based
Figure 1. C, and Cg chemical shifts serine [Figure 1]. - . L
° distribution summary IFig ] SAS and all other SAS Institute Inc. product or service names are registered trademarks or trademarks of SAS | analyses including structure determination.

countries. ® indicates USA registration. Other brand and product names are registered trademarks or trade




