. Genome wide Analysis of Psychrophiles and Mesophile s to Understand Low
Temperature Adaptations of Proteins in Microorganis ms

Raghu Prasad Rao Metpally and Boojala Vijay B. Reddy
_-. Bioinformatics and in silico Drug Design Lab, Computer Science Department, Queen s College, Flushing, NY 11367
And The Graduate Center — Computer Science Departmen t, City University of New York (raghu@cs.gc.cuny.edu, vijay@cs.qc.cuny.edu)

Introduction

« Organisms live at a wide range of temperatures, from below 0°C to above 100° | [Fig. 1a AresPeLand PE 70005 Fig. 1b Axes PC1 and PC2: 98.33 %
C, despite the dramatic effects of temperature on the function and stability of . - =
their proteins. . ;.
The comparison of microbial genomes and their lifestyles at global sequence " - N
levels is a subject of considerable interest, especially with the availability of Ll -
many completely sequenced genomes.
Are there any specific relationships associated with their temperature .
adaptations and proteome sequences? LT ’ W
An understanding of the factors that enhance the thermal adaptations of Poi(ses Poi 48490
proteins in extreme conditions is of particular interest because it raises the| o« PCA: Reduced dimensionality plot produces a separation of mesophiles
possibility of engineering enzymes with enhanced temperature stability and and psychrophiles (Fig. 1a)

catalytic efficiency for industrial applications A " .
: : : s z | » Shows influence of GC pressure on global AA composition (Fig. 1b)
We performed comparative analysis using pairwise alignments of protein

sequences from the six each of mesophilic and psychrophilic proteomes to
investigate the general proteome wide characteristics for cold-adaptation
among organisms.

Methods

* We have carried out a comparative proteome analysis of 12 complete
proteome sequences of psychrophilic (P), and mesophilic (M)
microorganisms

Secondary Structure Prediction and Principal Component Analysis (PCA)

Orthologous pairs of all proteins were identified between the proteomes
using BLASTP search tool with < 10° expectation value and > 40 bit
scores.
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* In psychrophiles : AA residues such as S, D, T
and A are significantly preferred

« E and L are significantly avoided (Table I).

We have picked up alignments of the best possible single hit for every

protein sequence in a query proteome that has an ortholog in the subject » Tiny, small and neutral groups are significantly
proteome. preferred

« The alignments were parsed to calculate amino acid substitution counts * Aliphatic, basic, aromatic  and hydrophilic
between the two proteins of respective proteomes. groups are significantly avoided

The substitution counts were further normalized with respect to the
composition of total amino acids in their respective proteomes. The

resultant frequency of substitutions were further used to calculate two types s d _— > /Al W i Byl
of likelihood log odd scores LOS1 and LOS2. econaary structures: Amino acids in Esychrophiles

s The £ (x ® Y rpresent normalized frequency of amino acid X ° L, E and F show significantly low frequencies in -helices
substituted BY°the anifif8°acid Y in the thermal group Meso compared o . p T, A G and S are significantly high in the -sheets
thermal group Psychro. Thus LOS1 (Table IV) scores indicate the pattern o o . )
of substitutions observed between each pair of thermal groups. On the * S, D, T, A,V and | are significantly high in the coil regions

other hand the LOS2 (Table V) scores indicate the pattern of substitutions . \Majority of the property groups have significantly low frequencies in the
that are purely correlated to their thermal adaptation and not due t0  pajices

speciation.
. . « Tiny, small, hydrophobic, neutral, acidic, aliphati ¢, and polar groups
« Student t-test to evaluate the level of significance of LOS2 substitution show significantly high frequencies in the coil regions .
scores. Conclusions
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a) m2pim2m :
A c

b & o . o s
077 7 185 197 141 035 107 016 207 121 045 095 152 007 057 076 107 088 077 150 i PR ; ; .

037 o7p ‘08 06 08 047 245 022 42 den s s 1o 145 06 011 we2 05 o124 10 note few substitutions with high +ve scoresinps  ychrophiles :

257 077 124 023 11 063 024 145 495 047 07 497 o4 015 095 241 107 123 -1.08 18 } el T N .
3% 105 Ser 217 A8 064 205 117 215 117 0ds nds a4 061 005 430 434 10> 154 1ee AMINO acid A is preferred over E and K; D is preferred over E, F, K and P;
085 061 14 125 018 025 168 047 174 067 141 025 D5 057 011 178 101 -033 059 083 " o Y

127 0er 175 485 15 013 493 027 a: 436 0 41 w6 vas 4s2 102 017 0w ez e O IS preferred over K; H is preferred over F, W and Y; | is preferred over E
200 0 111 251 257 011 038 0 225 08 0 084 142 021 108 204 135 -0 154 254 ;

Usy us 212 28y 1w ums Zua -um a4z 2 1sa was waw 1zs ues 2z 1o w1 -e oas S 1S preferred over E, K, W and Y; T is preferred over E and K.

095 026 145 115 113 023 031 104 113 D28 056 005 078 008 058 184 18 04 098 132 i A ) ) ’

123 11 125 189 135 01 315 074 75 w3 25 -023 s 143 -042 233 14 011 -00s -0se  Similarly with high —ve scores E  is avoided over A, D, |, S and T; F is
034 028 132 275 175 02 121 077 -18 147 008 .14 108 102 053 107 oMz -5 133 153 ) : -

os7 033 107 007 033 349 184 04s -0s 103 @voided over D, H; K is avoided over A, D, G, S, T.

351 06 215 ‘16 142 088 073 031 {5 -115 086 057 033 119 076 208 175 01 -103 181

262 144 230 184 145 14 003 103 127 036 178 002 0ss 028 0se 277 314 1o 083 133

171 084 155 483 111 08 0 016 107 114 032 028 072 042 -006 202 214 -008 095 -105

148 05 227 285 431 081 125 103 95 123 106 052 064 005 071 075 094 085 051 135

167 098 17 175 105 Oee sl 0 218 0l 151 .05 018 109 024 171 01 01 213 189

102 123 215 288 131 13 122 03 231 433 212 005 A1 199 028 174 188 011 071 184

V84 14 093 120 082 015 134 O 157 004 092 088 04 14 032 27 042 008 069 031

Psychrophiles
w_n

Mesophiles

<s<-vnovzzrx-zommoos|

079 05 083 127 03 066 226 058 136 074 1.02 025 077 098 0 207 089 -015 -0.99 -0.18

b) p2mip2p Mesophiles
A ¢ b e F & W 1 kK L m o w P o r s T v w v

C 06 095 031 221 145 077 28 083 105 184 042 071 207 006 034 073 T3 res 107

D 31 06 033 237 248 412 023 04a 245 108 D57 019 298 02 148 22 22 s 147 208

F 036 05 037 291 085 03 18 024 164 082 8 002 123 000 099 110 077 138 010 B

G 003 03z -21 174 168 493 236 06 224 143 -0.18 1.18 165 066 228 -1.02 - 031 253 329 The LOS2 values are influenced by factors other
21 042 013 125 308 168 01 -2 021 187 114 15 043 213 066 076 125 -21 068 136 207 than temperature might be nullified. Psychrophilic
O L -056 -078 -086 278 137 -004 -21 -053 182 084 2 058 1.05 -1.44 074 2 0.03 1.85 145
£ W 017 017 015 322 227 03 0es 0ss {sa 148 A4 173 160 s4s 113 0 13 207 roe proteins prefer to have amino acids K, E, Y, F, W, P
o G503 50 1% gm0 0% Ui sor tee a0 0 vs aam i3 25 G4 oh 13 0w and L, on the other hand they tries to avoid amino

G 22 'Ob 26 204 245 081 18 067 T0s 098 04 160 064 105 05 a7 26 099 245 1o7 ;

R 401 a2 081 18 181 018 01 Oan 115 185 04s 058 114 s 058 A6 acids such as S, D, A, T, C, H, M, and Q as

S 22 Wes a1 178 178 087 057 02 175 095 06 -0t 108 073 A A3 .2 052 o8 177 . :

T 32 2 22 1o 23 0ss 0oy 018 181 074 A4 e 07 047 127 28 -0s1 08 306 105 compared to mesophile proteins.

V 25 032 18 245 173 045 07 045 243 108 405 06 141 088 082 051 15 009 103 254

W 03¢ 0 408 207 T4 131 081 023 245 121 067 1% @ 023 221 21 0 027 @ 08

¥ 037 -oe ‘wei 1oi o 0as er 055 175 177 mse wap 14 087 1 s 104 0o is7 0o References

Preferred Class:

First: QT, LH, NS, PA, ED, ES and ET (>3 t value)

Second: IH, RS, PS, EH, HA, ID, VM, RT, PD, VD, ND, YH, IS, SD, QD, LS,

DS, CH, LM, DA, WS, EA, QS, QA, HS, YS (2t03)

Third: VG, MD, WH, HT, NC, QG, WQ, LT, FM, LQ, QC, KD, CQ, FD, DI, SA, TM, RD, NA, WA, TD, TA, FH, TS, RA, IM, VS, PT, GD, QM, IT, FS, NT,
WC, VT, AD, KT, KS, DT, VQ (1.3 t0 2)

Avoiding class:

First: DE (< -3)

Second: SE, ME, VE, IE, HF, HY, HE, VK, HK, GK, TK, EE, EK, TW and AK (-3 to -2)

Third: LE, AE, DK, GH, SK, EF, TY, GY, GE, QE, EP, VY, AP, PY, NK, MF, LK, TE, FK, RE, DY, EY, CL, DP, EW, GR, PE, MK, IW, PK, AY, HW, GN,
MW, MY, NE, ML, QF, AF, HP, PF, CK, IK, GL, WK, DN, YK, LF, SY, VL, QY, KY, DF, SF and VF (-2 to -1.3)




