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Influence of synonymous codon usage bias on protein folding rate of bacillus subtillis
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Abstract;In the current study about the influence of synonymous codon usage bias on protein folding rate, the
proteins are always derived from different species. In this article, considering the species differences of synonymous
codon bias, the nucleoproteins of bacillus subtillis was selected as the samples. First, each of the nucleoprotein was
cut into «-helices, B-strands and mixed-class segments according to their secondary structure. Then, the
information of its corresponding mRNA sequence of each peptide segment was found, the synonymous codon usage
bias and the protein folding rate of corresponding peptide segments were calculated. On this basis, the correlation
between synonymous codon usage bias and the corresponding peptide folding rate of bacillus subtillis were analyzed.
It was found that some of codon usage bias were significantly correlated with the protein folding rate of the peptide
segments for different secondary structures. Further analysis found, most of codons significant correlated with
peptide folding rate are the high RSCU value of bacillus subtillis complete sequences and ribosomal sequences. The
results showed that the synonymous codon usage bias of bacillus subtillis plays an important role in protein folding.
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Table 1 The set of 151 peptide segments

NO. Name In(k;) Length Structureclass NO. Name In(k;) Length Structureclass
1 bsu0052 12.60 32 a 1 bsu0052 56.10 45 B
2 bsu0099 9.72 10 a 2 bsu0099 38.00 7 B
3 bsu0102 31.70 49 a 3 bsu0102 63.40 27 B
4 bsu0103 17.20 79 a 4 bsu0103 45.90 46 B
5 bsu0104 16.30 121 a 5 bsu0104 83.70 9 B
6 bsu0105 13.90 91 a 6 bsu0110 53.70 24 B
7 bsu0110 0.62 13 o 7 bsu0111 68.60 6 B
8 bsuO111 16.20 95 o 8 bsu0115 82.00 8 B
9 bsu0115 11.50 54 a 9 bsu0116 70.30 56 B
10 bsu0116 20.50 7 a 10 bsu0117 65.90 29 B
11 bsu0117 8.55 55 a 11 bsu0118 33.30 26 B
12 bsu0118 20.90 21 a 12 bsu0119 59.40 66 B
13 bsu0120 19.30 10 a 13 bsu0120 45.50 18 B
14 bsu0121 -2.79 49 a 14 bsu0121 91.30 14 B
15 bsu0122 16.50 75 a 15 bsu0122 67.60 36 B
16 bsu0123 8.67 47 [ 16 bsu0123 68.40 31 B
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(k1)
NO. Name In(k;) Length Structureclass NO. Name In(k;) Length Structureclass
17 bsu0124 20.60 53 o 17 bsu0125 62.50 20 B
18 bsu0125 44.80 11 a 18 bsu0126 68.00 39 B
19 bsu0126 25.40 13 o 19 bsu0127 37.10 46 B
20 bsu0128 10.40 65 o 20 bsu0128 53.80 19 B
21 bsu0130 -1.19 39 o 21 bsu0130 77.30 29 B
22 bsu0131 22.50 26 o 22 bsu0131 28.90 55 B
23 bsu0132 9.88 47 o 23 bsu0132 59.70 13 B
24 bsu0133 15.60 71 a 24 bsu0133 57.70 17 B
25 bsu0134 11.60 13 o 25 bsu0134 51.10 11 B
26 bsu0135 0.433 25 o 26 bsu0135 15.30 15 B
27 bsu0141 16.70 44 a 27 bsu0140 87.10 10 B
28 bsu0142 8.20 39 o 28 bsu0141 93.70 15 B
29 bsu0144 10.80 67 o 29 bsu0142 43.10 29 B
30 bsu0149 13.20 45 a 30 bsu0144 65.30 9 B
31 bsu0150 9.34 40 o 31 bsu0149 78.40 19 B
32 bsu0887 7.25 50 a 32 bsu0150 48.50 25 B
33 bsul510 7.24 10 o 33 bsul583 68.20 16 B
34 bsu1600 21.70 31 o 34 bsu1600 69.70 15 B
35 bsul1605 7.86 33 o 35 bsu1605 44.60 34 B
36 bsul650 18.60 126 o 36 bsul650 111.00 34 B
37 bsul669 32.10 55 a 37 bsul669 126.00 6 B
38 bsu2287 30.90 84 a 38 bsu2287 55.00 86 B
39 bsu2537 12.30 35 o 39 bsu2790 59.60 22 B
40 bsu2551 -8.73 63 o 40 bsu2792 53.30 37 B
41 bsu2790 10.50 12 a 41 bsu2882 30.40 4 B
42 bsu2792 17.30 11 a 42 bsu2962 62.00 9 B
43 bsu2881 14.30 88 o 43 bsu3705 26.90 10 B
44 bsu2882 4.78 28 o 44 bsud047 108.00 10 B
45 bsu2962 17.30 81 o 45 bsu4086 77.20 6 B
46 bsu3705 37.00 7 a 46 bsu4088 97.10 12 B
47 bsu4047 8.79 63 o 47 bsu4103 82.70 4 B
48 bsu4086 1.70 28 o 27 bsu0134 27.00 19 a—B
49 bsu4088 20.90 41 o 28 bsu0135 23.00 92 a—B
50 bsu4103 43.90 4 o 29 bsu0140 47.40 19 a—B
1 bsu0052 24.80 94 a—B 30 bsu0141 37.50 56 a—B
2 bsu0099 -2.86 27 a—B 31 bsu0142 32.80 57 a—B
3 bsu0102 20.40 52 a-B 32 bsu0144 20.80 33 a—B
4 bsu0103 31.90 89 a—B 33 bsu0149 30.00 61 a—B
5 bsu0104 16.80 24 a—B 34 bsu0150 20.60 56 a—B
6 bsu0105 16.00 22 a—f 35 bsu0887 45.20 32 a—B
7 bsu0110 60.90 91 a—B 36 bsul510 -17.50 30 a—B
8 bsuO111 45.60 47 a—B 37 bsul583 43.40 36 a—B
9 bsu0115 28.50 33 a—B 38 bsu1600 46.70 36 a—B
10 bsu0116 34.90 119 a—B 39 bsu1605 14.90 41 a—B
11 bsu0117 21.70 89 a—f 40 bsul650 11.10 67 a—B
12 bsu0118 17.10 41 a—B 41 bsul669 52.70 21 a—B
13 bsu0119 18.30 176 o 42 bsu2287 29.10 121 a—B
14 bsu0120 23.30 62 a— 43 bsu2537 27.10 8 a—B
15 bsu0121 46.00 40 a-B 44 bsu2551 35.60 19 a—B
16 bsu0122 14.00 91 a— 45 bsu2790 32.60 38 a—B
17 bsu0123 23.80 56 a-B 46 bsu2792 46.80 40 a—-B
18 bsu0124 7.26 7 a—B 47 bsu2881 21.60 19 a—B
19 bsu0125 22.70 39 aB 48 bsu2882 28.90 23 a—B
20 bsu0126 39.00 55 a—B 49 bsu2962 37.20 81 a—B
21 bsu0127 25.60 53 a-B 50 bsu3705 -18.90 46 a—B
22 bsu0128 12.50 76 a—B 51 bsud047 16.20 52 a—B
23 bsu0130 25.10 54 a—B 52 bsud086 18.20 39 a—B
24 bsu0131 31.80 74 a—B 53 bsu4088 8.64 31 a—B
25 bsu0132 28.20 49 a—f 54 bsu4103 63.40 31 a—B
26 bsu0133 23.30 54 a—B
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Table 2 Linear regression analysis between the peptide

segment folding rates and the RSCU values for 53 a—helices

R3 411 BINERBRBENRIGF RSCU BES5HK
FIMBEEZ BPEEEESITER
Table 3 Linear regression analysis between
thepeptide segment olding rates and the
RSCU values for 47 B-strands

Condon R P

GAA -0.30 0.04
Glu

GAG -0.19 0.20

GTA -0.33 0.02

GTT 0.33 0.03
Val

GTG -0.02 0.39

GTC -0.17 0.27

ACT -0.36 0.01

ACC -0.05 0.72
Thr

ACG 0.06 0.69

ACA -0.10 0.53

33 o BRERBEHEXESH

[FIAE ], o At B 2SR B 1Y) 54 SR B R B
R R R IE R T 52 NG (a-B 1R
) F B, A S BORR N R A% BR T 9] 1) % A il
FHEE 5 IREET B MR A AR OC I, W3R 4,

Condon R P
GCA -0.33 0.02
GCG -0.20 0.17
Ala
GCT -0.07 0.62
GCC -0.16 0.28
AGA -0.34 0.02
CGC -0.39 0.01
AGG -0.09 0.51
Arg
CGG -0.09 0.55
CGA -0.14 0.35
CGT -0.15 0.31
TCT -0.29 0.04
AGT 0.12 0.42
AGC 0.01 0.97
Ser
TCG -0.05 0.75
TCA -0.07 0.62
TCC -0.17 0.23
CAA -0.34 0.02
Gln
CAG -0.17 0.24

X o BERIE F B PR S el {6l PR 5 R IR A 7 3
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SEAHSENE X 50 4> o B BedE H L, A T
A 5 3 A PR B R A OG . A DU g
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Table 4 Linear regression analysis between the peptide

segment folding rates and the RSCU values

for 52 mixed—class segments

Condon R P
GTT 0.30 0.03
GTG 0.15 0.29
Val
GTA -0.25 0.06
GTC -0.05 0.74
AGG 0.32 0.02
AGA 0.02 0.90
CGC 0.07 0.60
Arg ~
CGG 1.64x1078 1.00
CGA 0.23 0.10
CGT -0.02 0.89
AAT -0.29 0.03
Asn
AAC 0.21 0.13
TGC -0.35 0.01
Cys
TGT -0.22 0.10
CTT -0.30 0.03
TTG 0.03 0.81
TTA 0.15 0.29
Leu
CTG 0.10 0.49
CTA -0.07 0.63
CTC 0.001 1.00
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Table 5 The RSCU values of Bacillus subtilis complete

sequence and ribosomal protein sequence

Codon Complete  Rib Condon Complete  Rib
e 132 0.72 CCG 120 0.56
TTA 1.8 1.50 CCA  1.04  1.60
CTG  1.08 042 Pocer s 176

ben ora 042 oas ccc 072 0.08
CIT 138 276 GGG 0.68  0.08
crc 072 0.8 GGA 128  1.28
AGG 090  0.06 Y cer osa 180
AGA 126 0.54 GGC 120 0.80

g CCC 108000 G, CAG 064 0.6
CGA 096  0.06 GAA 136 1.54
CCT  0.84  3.48 GAT 130  1.06
C6C 096  1.80 MPcae 070 004
AGT  0.60  0.48 AAG 070 0.36
AGC 120 0.90 b 130 e

o, TCC 07 0 W MT 12 04
TCA 144 120 AAC 078 1.46
TCT  1.08  3.00 Cys  TGT 100  0.62
TCC 096  0.30 Cys  TGC  1.00  1.38
GCG 0.80  0.56 g CAT 132 0388
GCA  1.08  1.08 CAC 068 1.12

Maser 1200 220 TAT 132 0.50
GCC 0.8 0.16 Bac 068 150
GTG  0.84 044 ATA 090  0.03
GTA 084  1.32 e ATT 117 123

Vb omr 136 1o ATC 096  1.74
CTC 096  0.32 TGA 144 0.00
ACG 092 0.60 End TAG 045 021
ACA 144  1.40 TAA LIl 279

The et o4 192 . CAG 090 044
ACC 080  0.08 O can 110 156

e T 120 062 Tp  TGG 100 1.00
TIC 076 1.38 Met ATG  1.00  1.00

R6 ZXRTHEMHRBREMHIBEFS RSCU &
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Table 6 Linear regression analysis between the protein

folding rates and the RSCU values for all

Condon R Complete  Ribosomal "
class
Ala GCA  -033  1.08 1.08 N
Arg AGA 034 1.26 0.54 a
Ser TCT  -0.30  1.08 3.00 a
Arg CGC -039  0.96 1.80 «
Gln CAA  -034  1.10 0.56 a
Glu GAA  -030  1.36 1.54 8
Val GTA  -0.33  0.84 132 B
Val GIT 033 136 1.92 8
Thr ACT  -036  0.84 1.92 8
Val GIT 030 136 1.92 a-B
Arg AGG 032 0.90 0.06 a-p
Asn AAT  -0.29 122 0.54 a-p
Cys TGC =035 1.00 1.38 a-B
Leu CIT -030  1.38 2.76 a-B
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