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Abstract point mutations to increase the intracellular stability of a given

Summary: In MEICPS, results from earlier analyses areStrUcture or sequence. -
utilized to suggest possible substitution point mutations to 1N€ given PDB format structure file is used to calculate sec-
engineer intracellular stability using a given sequence oPndary structure type and Ooi values using the SSTRUC pro-
structure of the protein. gram (_Sm|th, 1989). The soIvent_—accessmIe contact area of
Availability: From bvbreddy@ccmb.ap.nic.in. This program€ach dipeptide was calculated using the PSA (Sali and Blun-
needs data from other software, PSA and SSTRUC, availadjgll: 1990). The fraction of each class of dipeptides in the three
flom sali@tamika.rockefelleredu and tom@cryst.bioc.canglifferent ranges of percentage accessibility contact area was
ac.uk, respectively. computed. These calculations were carried out for dipeptide
Contact: bvbreddy@ccmb.ap.nic.in side-chains, main chains, polar side-chains, non-polar side-
chains and total atoms separately for each class of dipeptides

It has been suggested that sequence-dependent properfideddy, 1996).
global structural features and location in the intracellular envi- We have used the secondary structure types, solvent ac-
ronment determine the vivo stability of proteins (Rogers  cessibility and Ooi values, each in three subclasses, to define
al., 1986; Rechsteiner and Rogers, 1996). From our earlihe structural environment of a dipeptide. Based on the Stb,
analysis of sequence data of a set of stable proteing/¢  Dst and Nor dipeptide fractional probabilities (Reddy, 1996),
half-life 16 h) versus less stable proteinsfvohalf-life<5  the dipeptide structural propensity (DSP) values are calcu-
h), it was proposed that the overall composition of the dipegated. The sum of these is normalized to 100 and the propor-
tide sequence in a protein determines its intracellular stabilitipnal percentage of each dipeptide class is taken as the corre-
(Guruprasackt al, 1990). We have further shown that, for asponding DSP value. This is repeated for all the dipeptide sub-
given sequence, the dipeptide occurrence could be used to digsses in each structural parameter (see Tapble
tinguish short-lived from stable proteins, and suggest this asln the Ooi values, there are two groups of data, one for 8 A
a method to predidh vivo stability. and another for 14 A radius; 50% weight is given to each of

We classified 400 combinations of dipeptides into thre¢hese groups to calculate the DSP. Similarly, there are five
classes—stabilizing (Stb), destabilizing (Dst) and normajroups of data in the case of the solvent accessibility para-
(Nor) —and studied their structural distribution in a set of 308neter; correspondingly, 20% weight is given to each of these
non-homologous best resolved2(0 A) protein structures groups to calculate DSP (Tallg
(Reddy, 1993; 1996). A significant difference in the overall The program uses the sequence data file in SWISS-PROT
frequency of occurrence of Stb and Dst dipeptides in differefiormat and the structure data file in PDB format to suggest
secondary structural regions was observed. The sensitive slitbstituted point mutations (Figute
peptides (Stb + Dst) are less frequerf-sirands and more Using the sequence data fileonly the sequence of amino
frequent in coils. A high frequency of occurrence of Stb igcids is to be used to suggest point mutations, we first identify
observed in the regions closer to the molecular surface cothe Dst dipeptides by using the dipeptide instability weight
pared to the Dst and Nor dipeptides. Significantly high dipolgalues (DIWV) given in Reddy (1996). We note the change
interactions are observed in the Dst dipeptides. The studigsprotein instability index (PII) with all the possible changes
indicate that although the Dst dipeptides are more hydrophilic the N-terminal or C-terminal residues to convert the Dst to
in nature, they are localized significantly more in the burieén Stb dipeptide (Guruprasatial, 1990). For every Dst di-
regions of protein structures; on the other hand, Stb are mgreptide, the program suggests the best possible substitution
hydrophobic in nature, but relatively more accessible to thautation(s) with the corresponding PIl values (Example 1).
solvent. Using the structure data filehe structural propensity index

In MEICPS, all the sequence- and structure-dependent ofsPl) is calculated by summing all the DSP values correspon-
servations have been coded to suggest possible substitutiting to their respective structural environment. Thus, for each
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Fig. 1. A simplified flow diagram of the computer program
MEICPS.

EXAMPLE 1

Mutations suggested to improve the stability of the protein.
PIl of DCOR_MOUSE with 461 residues is 52.16

Code Pos Res Suggested mutations, decrease in P!l

DCOR_MOUSE 41 FYV (i 3.30)(W 3.30)(A 3.30)(G 3.30)
(T 3.30)(L 3.30)(K 3.30)
DCOR_MOUSE 13 HIL (F 3.21)(F 3.21)(G 2.99)(P 2.99)
DCOR_MOUSE 12 CHI (G 2.47)
DCOR_MOUSE 289 VNI (G 2.21)
DCOR_MOUSE 290 NIi (G 2.21)(F 1.99)(W 1.99)(T 1.99)(P 1.91)
...Continued

EXAMPLE 2

Mutations to improve the protein structural environment and stability.
PIi of BACN with 753 residues is 26.68

Code Pos Res Mutations, change in SPI, decrease in Pil

8ACN 316 SEL (G 13.75 0.71)(F 7.16 0.71)
BACN 523 DSS (W 13.75 0.71)

BACN 611 QEF (G 13.75 0.50)(F 13.75 0.42)
8ACN 301 PDS (W 13.75 0.42)

8ACN 522 KDS (W 13.75 0.42)

...Continue

SPI: Structural Propensity Index
PlI: Protein Stability Index

Examples 1 and 2.

Table 1.Dipeptide structural propensity values

3. Solvent accessibility
a) All atom accessibility
Type <7% 7-20%  >20%

1. Secondary structural sub- Stb 58 6.1 71
classes. Dst 7.3 6.9 6.4
Type Helices B-strands Coils Nor 6.9 7.0 6.5
Stb 33.0 30.9 34.9 b) Non-polar side-chain accessibility
Dst 34.4 32.7 32.7 Stb 6.2 6.5 7.3
Nor 32.6 36.4 32.4 Dst 7.0 6.9 6.2
2. Ooi number Nor 6.8 6.6 6.4
a) Number of other residues in 84 c) Polar side-chain accessibility
radius Stb 5.7 6.1 7.1
Type <9 . 9-11 >11 Dst 7.4 7.0 6.4
Stb 18.3 16.2 151 Nor 6.9 6.9 6.5
Dst 15.9 16.9 17.4 d) Side-chain accessibility
Nor 15.8 16.9 17.5 Stb 6.0 6.3 7.0
b) Number of other residues in Dst 71 6.9 6.5
144 radius : Nor 6.9 6.9 6.5
Type <35 35-52 252 e) Main-chain accessibility
Stb 19.2 15.8 14.7 Stb 5.1 6.8 7.9
Dst 15.4 17.0 17.8 Dst 8.2 6.2 56
Nor 16.1 17.2 17.5 Nor 6.8 7.0 6.5

spective of their class. If the SPI-Dst is significantly less than

SPI-Stb, a point mutation is suggested to convert the Dst to
Stb and with a maximum possible decrease in Pll (Example
2).

The program suggests all possible substitution mutations
and puts them in decreasing order of preference. The user
chooses which do not have an effect on the basic function or
activity of the protein and which are experimentally feasible.
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