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ABSTRACT

The present work envisages an approach to predict the effect of planned
mutations in the amino acid sequences on stability of proteins using an
application software named STABPRO, which was developed by the au-
thors. The software predicts the effect of planned mutations on stability of
a protein based on parameters such as hydrophobicity, steric volume, ali-
phatic-aromatic character, polar and non-polar residues that were present
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before and after the planned mutation. Further, four enzymes reported in
literature for mutations were taken up for the demonstration of the soft-
ware. It was found that the software correctly gave a quantitative predic-

tion of the results givenin literature.
© 2008 Trade Sciencelnc. - INDIA

1.INTRODUCTION

Biologicd polymerslikeprotein are characterized
by complex and hierarchically organized structures.
Structura diversity of proteinscoupled withther func-
tiond versatility hasmadethestudy of protein structure
andfolding acentra areaof modernbiology. A particu-
lar polypeptidechainfoldstoitsnativeconformationin
afew millisecondsviadirected pathwaysensuring an
operative protein. Onthe other hand, thisconformation
exhibitsamargind stability equivadent totheenergy of a
few hydrogen bonds. The conformationa stability de-
fined asafreeenergy change AG configuration for the
transitionsfolded state- unfolded stateisin the order
of 30-60 KJmol at room temperature¥. Thebiologi-
ca significanceof thelow AG configurationisthere-
quirement for balance betweenrigidity and flexibility.

Rigidity determinestheprotein stability whileflexibility
isimportant for proteinfunction.

Discovering therel ationship between protein se-
guence and conformation isafascinating theoretical
problem of fundamental importance?. Protein struc-
turesaremore highly conserved than sequencesduring
evolution. Evolutionary studies have found subtle
changesin amino acid sequence between thermophilic
enzymesand their mesophilic counterparts. Thesesubtle
differencesdo not affect the function of the protein as
much astheir stability. Theonly disadvantagethat en-
zymesface, compared to chemical catalysts, istheir
inherent ingtability. Presently stableprotensareobtained
by isolaion fromextremophiles(thermophilic enzymes),
mutation of enzymes obtained from mesophilesor by
thephysica stabilization of mesophilicenzymesby meth-
odslikeimmobilization, mediumengineering etc.
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A thermophilic protein differsfromitsmesophilic
counterpart by small differencesinits primary struc-
ture, thethree-dimensional structure of thetwo being
largely smilar. Operating temperaturesfor thermophilic
enzymesisusually about 20-30°C higher correspond-
ingtoanincreasein tability by 5-7 kcal/mol, whichisa
small changein AG A few salt bridges, several addi-
tiona hydrogen bondsor sevento ten additiona CH.-
groupsin the hydrophobic nucleus of the protein can
contributeto thissmall changein AGS. Thuswe see
that subtle differences existing between the primary
structures of mesophilic and thermophilic enzymescan
lead to ahugedifferencein operationa stability of the
enzymes.

Protein engineeringrefersto theuseof mutationsto
introduce changesinto protein molecules. Theprimary
god of protein engineering isto createanovel protein
that possesses someimproved property by changing
theamino acid sequence of theexisting protein result-
inginaproteinwhich may fold differently, havean a-
terationinactivity or may bebestowed withincreased
or decreased stability. Thedesign of proteinswith en-
hanced stability with retention of smilar activity isone
of themgjor goals of protein engineering. M utation of
protein to obtain another protein of interest remainsa
difficult task, evenwith thegreat ded of informationon
structure activity relationships. The predominant ap-
proach to astable biocatal yst design by protein engi-
neering hasfocused on the modification of existing me-
sophilic enzyme sequences based on thermophilic en-
zyme sequences. Thisapproach hasyielded great re-
sultsbecausethere are certain characteristics of ther-
mophilic enzymesequences, which have been found to
contributetowardstheir gability. Thusaminoacidresi-
duesproneto deectivation by hydrolysis, deamination,
oxidation etc but not inthe essentid active stateregion
can bereplaced by amino acidshaving similar spatial
arrangement, chargeand other characteristicsresulting
inaprotein having sameactivity/functionand increased
stability. Somebasi c factors contributing to protein sta-
bility aregivenin TABLE 1. A compilation of amino
acid propertiesand steric parametersisgivenin TABLE
2, al of which areimportant for amino acid replace-
ment towards enhanced activity, stability or both.

Theposshility of correctly identifyingtheaminoacid
to be changed and the sel ection of aresiduewhichis

TABLE 1: Factorscontributingto protein stability

Features
Low number of cysteines
and methionines

Reasonsfor stability
Lesser tendency of SH-group
oxidation
Arginine helpsin screening internal
hydrophobic part of molecule from
surrounding

Higher content of Arginine
and lower content of lysine

Lower number of polar
amino acids like Serine or
threonine

Polar groups in protein interior makes
protein thermodynamically unstable

Hydrophobic interactions strengthen
with temperature (up to 70°C)
Aliphatic hydrophobic interactions
increase with temperature while
aromatic ones do not increase.

TABLE 2: Propertiesof amino acids

Increase in hydrophobicity

High aiphatic character

. . Kyte-
. ) . Aliphatic/ Volume .
Amino acid CodesPolarity Charge Aromatic pKa (A3) d?r?élg(le
Alanine Ala A nonpolar Aliphatic - 89 18
Cygeine CysC polar uncharged Aliphatic 8.4 109 25
Asparticacid AspD polar charged Aliphatic 3.9 111 -35
Glutamicacid Glu E polar  charged Aliphatic 4.1 138 -35
Phenylalanine Phe F nonpolar Aromatic - 190 28
Glycine Gly G polar uncharged Aliphatic - 60 -04
Histidine HisH polar charged - 6.1 153 -3.2
Isoleucine lle | nonpolar Aliphatic - 167 45
Lysne LysK polar charged Aliphatic 10.8 169 -3.9
Leucine Leu L nonpolar Aliphatic - 167 38
Methionine  MetM nonpolar Aliphatic - 163 19
Asparagine  AsnN polar uncharged Aliphatic - 114 -35
Proline Pro P nonpolar Aliphatic - 113 -1.6
Glutamine  GInQ polar uncharged Aliphatic - 144 -35
Arginine ArgR polar charged Aliphatic 125 174 -4.5
Serine Ser S polar uncharged Aliphatic - 89 -0.8
Threonine Thr T polar uncharged Aliphatic - 116 -0.7
Valine Val V nonpolar Aliphatic - 140 4.2
Tryptophan  TrpW nonpolar Aromatic - 228 -0.9
Tyrosine TyrY polar uncharged 10.1 194 -1.3

most suitable replacement interms of stabilization as
well asactivity, isquitedifficult. Thiscanbemadeeasier
using asoftwarewhich, onaprimary level, correctly
predictsthe stabili zation/destabili zation effect of ares-
due change based on parameterslike hydrophobicity,
aromatic-aliphatic character, steric volumeoccupied etc.

The present work involves devel opment of soft-
ware STABRO to predict stability asaresult of muta-
tion based on the abovementioned genera parameters
of protein stability. STABPRO results, in combination
with thermodynamic considerations, can assst in mak-
ing aplanned mutation giving aproteinwith higher sta
bility and efficiency.

2.EXPERIMENTAL

The software hasbeen developed infreeversion of
Visual Basic Express Edition (running on the .NET
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Figurel: Screenshot showingtheprotein databank file
read by STABPRO and itsdisplay in theformat given
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Figure 2: Screenshot indicating the selecting of a par-
ticular residue and selection of theresiduetowhich the
mutation isplanned. Theresduesmutated havebeen indi-
catedinitalics

Framework). The software basically accepts sequence
datafromaPDB (Protein Database) file. Sequences
can beimported fromthePDB databaseusingthe ‘Load
Sequence’ option. Singlea phabet codesfor theamino
acid sequenceistaken and arranged. Theamino acid
sequenceisdisplayed inthetop grid aswell asinthe
bottom grid. Figure 2 indicateshow theresidueto be
mutated is selected in thetop grid and a drop-down
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Figure3: Screenshot indicating ther esultsof the compu-
tation beforeand after planned mutation givingthevalues
of thestability parameters

box displaying theamino acid list isdisplayed. From
thedrop-down box theamino acidtowhichit hastobe
changedissdlectedeg.: Va to Thr at position 138. So
at Vv (Val) 138 the drop-down box is displayed con-
taining all theamino acidsfromwhich T (Thr) isse-
lected. Inthelower grid theletter T isdisplayed dis-
tinctly to indicate the change. Multiple amino acid
changes can betried and the softwarewill givethecu-
mulative effect of all the changes. ‘Reports’ option
will givethe calculated values of the stability param-
etersBEFORE and AFTER the mutation. The output
can besavedinto HTML format, plaintext dataor .jpg
file

3. RESULTSAND DISCUSSION

Ascanbeseenin, using dataobtained fromlitera-
turethe utility of STABPRO was checked.

The parametersfor stability of protein have been
identified as
e Arg/(Arg+Lys): Thereisoftenahigher number of

TABLE 3: Effect of planned mutation resultsfrom STABPRO for T4 lysozyme, L actate dehydr ogenase, Saphylococcal
nucleaseand Ferredoxin beforethemutationsand after themutation asgiven in text

S T4 lysozyme L actate dehydrogenase Staphylococcal nuclease Ferredoxin
Stability indicator Before After Before After Before After Before After
Arg/(Arg+Lys) 0.5 0.5 0.4615 0.4358 0.1785 0.1785 0.1428 0.25
No.of Cysresidues 0 0 5 5 0 0 10 10
No.of Met residues 5 5 7 7 4 3 1 1
Ratio of polar to non-polar esidues 138 135 1.262 1.294 1.84 1.94 1304 1.304
No.of aliphatic amino acids 86 87 181 181 69 71 44 43
No.of aromatic amino acids 14 14 21 21 11 9 9 9
Hydrophobicity -66.5 -615 -0.3 -4.6 -132.5 -143.5 -271  -33.1
Effect of mutation Stabilization Destabilization Stabilization Stabilization
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arginineresiduesandlower number of lysineresidues
inthermophilic proteins. Both resduesaregenerdly
localized on surface of the protein and have contact
withwater. Also they have large hydrocarbon moi-
etiesdueto which contact with water resultsininsta:
bility. Argininehowever hasone-CH, grouplessand
theguanidinegroup of arginineowingtoitslargesteric
volumehelpsin screening theinterna hydrophobic
cavities. It hassmilar characteristicsaslysineand
hence higher number of arginineresiduesand lower
number of lysineresiduescan giveanincreasein sta-
bility.

Number of cysteine(Cys) resduesand methion-
ine (Met) residues: Cysteine and methionine are
proneto oxidation of their -SH groups. Thusade-
crease in the number of these amino acids can de-
crease destabilization dueto -SH oxidation. There-
fore, lesser number of cysteineresiduesinaprotein
or decreased accessibility of theresiduesto the sol-
vent will result in decreased propensity to oxidation
typeinactivation. Alcohol dehydrogenasefrom Ba-
cillus stearother mophilus has same number of cys-
teineresiduesasitsmesophilic counterpart but al its
SH-groups arelocalized inside the protein globule
and are henceunreactivein oxidation reactiong.
Ratio of thenumber of polar to non-polar resi-
dues: Hydrophobicindex and ratio of polar to non-
polar resduesareimportant in hydrophobicinterac-
tions. Hydrophobicinteractionsaretheonly interac-
tionsthat increasein strength withtemperatureat least
up to 60-70°CB,

Number of aliphaticamino acids: Generaly the
number of aiphatic amino acidsisdirectly related to
protein stability. Ikai (1980) developed aparameter
cdled diphaticindex for quantitativeestimation of di-
phatic amino acid content and correl ated it to stabil-
ity of thermophilic proteins. Aliphaticindex of ther-
mophilic proteinsis much higher than that of meso-
philic proteins. It wasfound that while aromatic hy-
drophobicity changed very littlewith temperature, di-
phatic hydrophobicity increased with temperature®.
Number of aromatic amino acids: In somether-
mophilic proteins, adecreasein aromaticamino acid
residuesisobserved correspondingto anincreasein
aliphatic amino acid resduessuch that theoverdl hy-
drophobicity of the protein remainsthesame. This

resultsin better stability, asaiphaticamino acidsare
important intermsof both energy and geometric cri-
teriaof stabilization.

e Hydrophaobicity: Thermophilic proteinsshow en-
hanced stability in correlation to their hydrophobicity.
When point mutations of amino acid residueswith
those having higher hydrophobicity wasdone, it re-
sultedin better stability. For example, glutamic acid
residuelocated intheinterior of tryptophan synthase,
when replaced with more hydrophobic residueslike
tyrosing, vaineor methionineresultedin stabilization”

e Compactnessof packing: Thermophilic proteins
have more compact packing compared to their me-
sophilic counterparts. A compact structure keepsin-
ternal water out of the hydrophobic nucleus of the
protein thusimprovingitsstability. Replacement of an
amino acid by abulkier amino acid, whichischemi-
cdlyamilar (intermsof charge, diphatic, polar char-
acter and steric volume etc), and which does not
change the polypeptide backbone conformation
greatly and resultsinincreased stability of the pro-
tein. Thus, we seethat a anineand threonine, owing
totheir more compact structure, occur morefrequently
inthermaophilic proteing?.

e Electrostaticinteractions: Formation of oneor two
additional salt bridgesintheinterior of theprotein
can account for 5-7kcal/mol decreaseinfreeenergy
of athermophilic protein ascompared to its meso-
philic counterpart lacking these salt bridges. When
Neurospora crassa tyrosi naseisozymeswere stud-
ied, it wasfound that stableisozymeshad an extra
intramolecular salt bridge compared to morelabile
ones®,

Theroleof the above mentioned parametershave
been discussed inthefollowing four cases. Theresults
obtained have been tabulated in TABLE 3whereinthe
softwareindicatesthe beneficial/non-beneficid nature
of mutation.

Consider thecase of T4 lysozymewherein, 1139
and Thr1571% on mutationtoAlaresultsinanincrease
inhydrophobicity, decreaseininterior cavitiesand for-
mation of hydrogen bondsand sdt bridgeinteractions-
dl leadingto anincreasein stability. Fromtheresults, it
can be seen that the polar amino acid content decreases,
aliphatic amino acid content increases and hydropho-
bicity also increases. Thusthe software correctly pre-
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dictsthisto beabeneficia mutation towards stability.

Similarly, in case of Saphylococcus sp. nuclease
Leu, Val, Tyr, Phe, Met and lleresiduesaremutated to
AlalGly. Theselead toincreased aliphatic characteris-
ticsand dimination of internal cavities™. STABPRO
givescomparativeva ues, which arehighly indicative of
thestabilizing effect.

In case of Ferredoxin, conversion of Gly, Ser, Lys,
AsptoAla, Thr, Arg, Glurespectively leadsto overdl
compactness of theprotein duetoincreasein thevol-
ume occupied. Also, thereisanincreasein aiphatic
character contributing to stability*2.

Consider again the case of |actate dehydrogenase,
wherein amutation of Glu, Arg, Thr, Ala(asfoundin
thermophilic enzymes) toAsp, Lys, Ser, Gly respec-
tively (asfound in mesophilic enzymes) leadsto desta-
bilization. Valuesfrom STABPRO show adecreasein
theArg/(Arg+Lys) value, adecreaseinthe hydropho-
bicity and anincreasein polar amino acid content, which
aredl indicativeof lower stability.

4.CONCLUSION

Thus, STABPRO showsprediction of stability based
on the abovementioned stability indicators. Thisap-
proachisentirely based onincorporating the structural
featuresof thermophilic enzymes. Thus, itisseenthat
STABPRO ishelpful in predicting the stabilization or
destabilization effect of planned mutationson protein
stability. Further work for acomplete prediction of pro-
tein stability incorporating theeffect of thermodynam-

icsisinprogress.
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