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Figure 1: Shows the calculated log(IC50 FC) for each amino acid (labelled with the corresponding letter in figure) at each of the 10 positions and for each of the 22 i i ies as identified in the . . . .
. . . . LARS/LASSO model. A log(IC50 FC) of 0 equals an IC50 FC of 1. Most of the mutations plotted are not observed in the Stanford dataset. Only for position 88 was the amino acids with a log(IC50 FC) below zero also The extracted dataset contained 776 |C50 FC values each pa|red a 99 amino acid long
We have previously presented a high performing artificial neural network capable of observed n the dataset. rotease sequence. Each amino acid in the protease sequences was described with =6
prediction in vitro IC50 fold change (FC) values based on genotypic datasets described by Position 10 32 33 46 50 54 82 84 90 88 Eifferent hqsioche'mical B———— P q 565
the physiochemical properties of the amino acid mutations. o Q phy prop .
Here we as an example use amprenavir to find the physiochemical properties that best \c,\:)i;?i:ir:et:tl—eg t;e ;’fgtbléAgfs/g'gii?):lenz\/:drr:O:ﬁ}ésmfsoizlg'Sgssi’tin;sz';nc;:reeligfenase
describe the mutations in the protease enzyme in relation to reduced susceptibility. (®) 047 y 22 prop P P
T . . 9 - enzyme (10,32,33,46,50,54,82,84,88,90).
Luo)\ G G
= § E 5 In Figure 1 we have plotted the calculated effect of the relevant physiochemical properties
METHOD % for each possible amino acid mutation at th itions identified by the model and th
X X . . . . . X o é é possible amino acid mutation a € 10 positions identirie Yy the model an e
We used physiochemical properties derived from the Amino Acid index (544 properties) (Amino = _d a B lla ? 2 o - E total effect by position on the IC50 FC value.
acid indices and similarity matrices; http://www.genome.ad.jp/dbget/aaindex.htm) with G ¢ ? T R R
additional properties found in literature (21 properties) to describe the mutational change from § ‘g’ 2 . . . . . . . .
the HXB2 szqupence . amin(f acipd s[()equenc)es. 8 % E W E’ g{ %’ v 7 ¥ Eight of the ten identified positions are in the 2008 IAS drug resistance list for amprenavir
! Wy H £ ol % 6 g w g ¥ 4 g (including the major mutations at positions 50 and 84). Positions 33 and 88 are currently
o ) ) o M-H—t—¥--t ] oW @ g ! }Q """"" LA AR BRI 5 4'! W 8§+ in the IAS list. Position 88 which was found to be associated with hypersusceptibility as
Each sequence is Pa"?d with an IC50 FC value for amprenavir. Data was extracted from the E B b F VQ’ can be seen from Figure 1. Positions 47, 73 and 76 from the IAS list where not identified as
Stanford HIV Drug Resistance Database. g & w G E ¢ ¥ v y relevant by the LARS/LASSO method.
| I . . . . . .
. . . . | . Categorised into six groups the identified properties are:
The dataset used for analysis contained 99 positions for protease x 565 properties and no - W & g sroup prop
interaction variables. We performed regression analysis using Least Angle Regression (LARS) § 8 2 13 gﬁ g 8 ¢ I R N R - - gﬁ 1§ 3 g: g 3 & 3§ 3 -Accessibility — at positions: 33, 84 and 88
Wlt.h Le.ast ./-\bsolute S.hrlnkage Selection Operator (LASSO) to derive a quel by 10 fold cross- § £ g £ E g : I A g % g g.s : : éh : : % . Conformational properties — at positions: 10, 46, 54, 82, 84 and 88
validation in a 1:9 split on our dataset (please see the box below for details on the method). = = e e I I > ° = e s L
-Hydrophilicity — at positions: 10 and 88
Table 1: Shows the detailed information on the identified 22 physiochemical properties. Listing position, name of descriptor, short description and physiochemical category. . . .
Th del with the | t (MSE) fth dicted b dic FC Position numbers in bold are listed as major mutations in the IAS 2008 drug resistance list, numbers in normal font are minor ions and bers in italic are y not in the 1AS list. . Hydrophoblaty —at pOSItIOnS: 32 and 50
e model wi e lowesl mean square error (0} € preaicted vs. observe 50 onn q . e onQ .
values was used to identify the most relevant amino acid positions and their physiochemical FERE || WEEAE AT e I Category -Secor.ldary strucfl.{re U £ 1 G T
ti 10 KANM800103 Average relative probability of inner helix (Kanehisa-Tsong, 1980) . . Po[anty —at p05|t|on; 33
properties. = = = Hydrophilicity
NAKH900102 SD of AA composition of total proteins (Nakashima et al., 1990) X X . X X X .
ROBB760107 Information measure for extended without H-bond (Robson-Suzuki, 1976) i . Table 1 lists the details of the phySIOChemlcal descrlptors identified.
RACS820113 Value of theta(i) (Rackovsky-Scheraga, 1982) ot atior 2l BoPRies
Least angle regression (LARS) with Least Absolute Shrinkage Selection Operator (LASSO) - ARGPB20101 e ey s el G Hydrophobicity LIMITATION
I‘.B’easkt anile;'gre':ssign isha mode:'selectioraa:gborithdm thjt like AI[S”bje[’igressgoT Forward Selection and 33 CHAM830105 The number of atoms in the side chain labelled 3+1 (Charton-Charton, 1983) Secondary Structure The LARS/LASSO method eliminates descriptors that have h|gh collinearity and
ackwards Elimination choose a linear model based on data presented to the model. GARJ730101 Partition coefficient (Garel et al,, 1973) Polarity therefore it is possible that a larger number of properties than those shown here are
Typicslly theldstase:{fclo'ntain a Lafgg collefction of covariatl)els from ‘é",hifh WE hope;o lselgc;a set.of c:)variates th;\tSO Ko Accessibility (Caballero, 2006) Accessibility significantly related to the phenotype as highly collinear physiochemical descriptors
E:)T:tliozu:v‘;v:ota;nel! ;cclﬁ;-letvzrteha::“zglsgu{::):g::i\‘llzgas :zénr/\n(z)dlglr\:vgitth:ulilzv;ig?:st m to implement a LA 46 ROBB760109 Information measure for N-terminal turn (Robson-Suzuki, 1976) Conformational Properties could have been eliminated. Further work on identifying these descriptors is needed.
’ Y 8 p . 50 BROC820102 Retention coefficient in HFBA (Browne et al., 1982) Hydrophobicity
Math of a LARS LASSO solution: ; ;
54 FASG760102 Melting point (Fasman, 1976)
A A A A A d
Given that regression coefficients f=(f,.B,.B,..8,,) provides a prediction vector fifor a given LARS model QIAN880103 Weights for alpha-helix at the window position of -4 (Qian-Sejnowski, 1988) Secondary Structure CONCLUSION
the optimisation problem is as follows: lative fractional i . kovsky-Sch ] . . e . . .
sl AR, | e L s v e U e o o A Conformational Properties We have mathematically identified a number of important physiochemical
“:ZXJBJ =XB  [Xym =(Xp,X,0X, )] M=covariates N= sample size X o dataset VASM830102 Relative population of conformational state C (Vasquez et al., 1983) . h d R h h e & . h
with a total square error : 7! 82 NAKH920103 AA composition of mt-proteins (Nakashima et al., 1990) Composition prOpert|eS that seem t? rive the c ange Ir! I. 50 F to amprenaVIr' T €
s@):Hy_ﬂHz :i(yl - 84 TSAJ990101 Volumes including the crystallographic waters using the ProtOr (Tsai et al., 1999) Accessibility set of relevant propertIeS are for some pOSItIonS more com pleX than
(ﬁ) fi ! VINM940104 Normalized flexibility parameters (B-values) for each residue surrounded by two rigid neighbours Conformational Properties Others (e_g_ position 10 VS. 82).
we let T{B) be the absolute norm of B : (Vihinen et al., 1994)
T@)=Zf5j\ 28 Ra Compressibility (Caballero, 2006) Accessibility Applying this approach to other antiviral inhibitors will provide cost
By implementing the LASSO solution, we chooJ:e by minimizing s[B) subject to a bound # on T(ﬁ) CHAMS10101 S A ) Conformational Rropertics effective in silico knOWIEdge about the phySIOChemlcal Changes to the
CEDJg70105 Composition of amino acids in nuclear proteins (percent) (Cedano et al., 1997) Composition affected enzymes and COUld serve as input for computer assisted drug
ROSM880103 Loss of Side chain hydropathy by helix formation (Roseman, 1988) Hydrophilicity . . e g
Ref: Efron B. et. Al Least Angle Regression 2003 90 ANDN920101 Alpha-CH chemical shifts (Andersen et al., 1992) Secondary Structure deSIgnS and Improvement of EXIStmg drUg Compounds.
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