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Tablel The results of linear regression between
the protein folding rates and each parameter

of mRNA secondary structures

r P
N, 0.49 <0.001
N, 0.51 <0.001
Ny, 045 <0.001
N, 0.29 0.003
N, -0.23 0.02
N, -0.069 0.496

Note: N it Nha“ s me and N, is the base content of internal loops,

mul

\\\\\

is the content of base pairs in mRNA secondary structures, Nsc is the

base content of the single strand in mRNA secondary structures, r is
the correlation coefficient, P is the significance level.
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Fig. 1 Changes of the protein folding rates with the

contents of base pairs in mRNA secondary structures
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- Table 3 The results of linear regression between the
. N . . .
’ R folding rates of multi-state proteins and the base contents
——— N of each kind of loop structures in corresponding mRNA
== N r P
e N 0.51 0.0008
e N, 0.61 <0.001
' N 034 0.03
bul
N, 0.45 0.003
Note: N > N,‘a,, s /NVbu1 and N, 18 the base content of internal loops,
0.2 0.3 hairpin loops, bulge loops, and multi-branch loops respectively, r is

N
Fig. 2 Changes of the protein folding rates with the base

content of the four kinds of loop structures in mRNA
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Table 2 The results of linear regression between the
folding rates of two-state proteins and the base contents

of each kind of loop structures in corresponding mRNA

the correlation coefficient, P is the significance level.
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Table 4 The results of linear regression between the
folding rates of all-o proteins and the base contents of each

kind of loop structures in corresponding mRNA

r P r P
N, 0.37 0.004 N, 0.32 0.15
N,. 044 0.0005 N, 0.52 0.015
N,, 0.41 0.001 N,, 0.51 0.02
N, 0.11 0.39 N, -0.02 0.93

Note: N, , N ,me and N

int > hair

is the base content of internal loops,

mul
hairpin loops, bulge loops, and multi-branch loops respectively, r is
the correlation coefficient, P is the significance level.

Note: N,y » Ny » me and N

int > hair

is the base content of internal loops,

mul
hairpin loops, bulge loops, and multi-branch loops respectively, r is
the correlation coefficient, P is the significance level.
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Table 5 The results of linear regression between the
folding rates of all-f3 proteins and the base contents of

each kind of loop structures in corresponding mRNA

r P
N, 0.53 <0.001
N, 0.56 <0.001
N, 0.45 0.004
N 039 0.01

mul

Note: N N N,\ai, s me and N . 18 the base content of internal loops,

hairpin loops, bulge loops, and multi-branch loops respectively, r is
the correlation coefficient, P is the significance level.

Table 6 The results of linear regression between the
folding rates of a-B proteins and the base contents of

each Kkind of loop structures in corresponding mRNA

r P
N, 0.60 <0.001
N, 0.52 <0.001
N, 0.44 0.006
N 031 0.056

mul

Note: N N N,\ai, s me and N . 18 the base content of internal loops,
hairpin loops, bulge loops, and multi-branch loops respectively, r is
the correlation coefficient, P is the significance level.
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Influences of The mRNA Loop Structures on Protein Folding Rate”
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(" College of Physics and Electronic Information, Inner Mongolia Normal University, Hohhot 010022, China;
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Abstract The important factors in secondary structures of mRNA influencing on protein folding rates are found
during our previous research, and there are kinds of complex loop structures in secondary structures of mRNA. Do
these complex loop structures have important influences on protein folding rate? Do different loop structures have
similar effects on protein folding rate? Based on this idea, a data set that contains both the information of internal
loops, hairpin loops, bulge loops, multi-branch loops and protein folding rates was constructed. For each protein in
the data set, the secondary structures of mRNA were predicted followed by calculations of the parameters of
mRNA secondary structures, including the base content of each loop structure, the content of base pairs, and the
base content of the single strand. Analyses of the relationship between the protein folding rates and each parameter
of loop structures of mRNA reveal that the protein folding rate has a significant positive correlation with the
content of each kind of the four loop structures, it means that the loop structures of mRNA act as a kind of
influential factors for the protein folding rate. Given the proteins in the data set were classed into different folding
types and different secondary structural types, the relationship analyses reveal that for proteins in different types,
the effects of loop structures on protein folding rate are significantly different. This work will provide the

theoretical basis for the future study of mRNA and protein folding rate.
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Table S1 Basic information for the 59 two-state proteins

PDBID  mRNA length In(k,) N, Ny Ny, Now N, N, Structure class
1ARR 159 9.20 0.044 0.033 0.000 0.094 0.226 0.472 a
1BAS 159 5.90 0.017 0.027 0.016 0.069 0.258 0.484 a
1BDD 180 11.69 0.000 0.040 0.017 0.093 0.250 0.500 a
1EFX 177 8.19 0.042 0.025 0.006 0.040 0.294 0.401 o
1IDY 162 8.73 0.028 0.039 0.012 0.123 0.259 0.451 a
1IMQ 255 7.28 0.020 0.021 0.004 0.067 0.271 0.455 a
1LMB 240 10.4 0.014 0.025 0.004 0.067 0.292 0.408 a
INTI 258 7.00 0.022 0.017 0.011 0.039 0.271 0.450 a
1PRB 141 12.9 0.041 0.043 0.050 0.000 0.262 0.447 a
1Us5pP 330 11.0 0.014 0.023 0.006 0.052 0.282 0.436 o

i 108 11.8 0.069 0.069 0.032 0.000 0.259 0.444 o
1YCC 309 9.62 0.014 0.023 0.008 0.033 0.285 0.395 a
256B 318 12.3 0.016 0.014 0.010 0.051 0.261 0.465 a
2PDD 123 9.80 0.049 0.045 0.011 0.089 0.333 0.333 a
1C90 198 7.20 0.036 0.032 0.015 0.091 0.268 0.460 B
1EOL 111 10.6 0.039 0.068 0.009 0.153 0.243 0.514 B
1CSP 201 6.50 0.029 0.020 0.007 0.050 0.299 0.403 B
1E65 384 491 0.011 0.014 0.006 0.021 0.297 0.393 B

1FNF-10 282 5.50 0.012 0.024 0.018 0.074 0.291 0.418 B

1FNF-9 270 -0.90 0.012 0.020 0.009 0.113 0.270 0.430 B
1G6P 198 6.30 0.018 0.025 0.013 0.056 0.263 0.460 B
1IMQ 120 8.40 0.053 0.046 0.025 0.108 0.258 0.483 B
1JO8 174 2.50 0.022 0.034 0.017 0.069 0.310 0.379 B
1KO0S 429 7.40 0.010 0.012 0.005 0.025 0.287 0.410 B
1LOP 492 6.60 0.009 0.013 0.003 0.041 0.276 0.447 B
1M9S 228 4.00 0.013 0.021 0.007 0.095 0.228 0.544 B
1MIC 207 5.30 0.030 0.023 0.006 0.072 0.285 0.406 B
INYF 174 4.54 0.038 0.030 0.010 0.000 0.305 0.362 B
1PIN 102 9.40 0.036 0.103 0.013 0.029 0.284 0.431 B
1PSF 207 3.20 0.017 0.027 0.000 0.036 0.290 0.377 B
1SHG 171 1.10 0.023 0.032 0.006 0.070 0.263 0.462 B
1TEN 267 1.06 0.013 0.016 0.005 0.039 0.292 0.416 B
1C8C 192 6.95 0.021 0.035 0.005 0.234 0.161 0.646 B
1K8M 261 -0.71 0.021 0.025 0.005 0.034 0.284 0.360 B
1PNJ 252 -1.00 0.017 0.025 0.016 0.028 0.298 0.385 B
1PSE 207 1.17 0.017 0.027 0.000 0.036 0.290 0.377 B
1QTU 324 -0.36 0.017 0.012 0.003 0.038 0.290 0.420 B
1WIT 279 0.41 0.011 0.016 0.006 0.039 0.319 0.362 B
2AIT 222 421 0.020 0.021 0.008 0.052 0.302 0.387 B
1PKS 228 -1.06 0.021 0.026 0.007 0.059 0.250 0.500 B
1FMK 171 4.05 0.047 0.025 0.006 0.041 0.263 0.474 a-B
1K9Q 120 8.37 0.053 0.046 0.025 0.108 0.258 0.483 a-B
1AYE 225 6.90 0.016 0.027 0.004 0.055 0.289 0.409 a-B

1DIV-N 168 6.61 0.020 0.037 0.006 0.104 0.208 0.583 a-B
1FKF 321 1.60 0.015 0.016 0.005 0.056 0.302 0.396 a-B
1HDN 255 2.69 0.025 0.025 0.006 0.029 0.278 0.443 a-B
1N88 288 2.00 0.016 0.015 0.012 0.016 0.319 0.316 a-B
106X 213 6.80 0.015 0.028 0.005 0.042 0.286 0.347 a-B

1PGB-B 48 12.0 0.042 0.125 0.031 0.000 0.271 0.458 a-B
1RFA 234 8.40 0.017 0.026 0.013 0.043 0.274 0.444 a-B
1RIS 291 6.10 0.012 0.019 0.003 0.035 0.309 0.378 a-B
1SPR 309 8.70 0.019 0.016 0.003 0.045 0.285 0.427 a-B
1URN 288 4.60 0.013 0.017 0.010 0.104 0.270 0.458 a-B
2ACY 294 0.84 0.014 0.027 0.003 0.035 0.269 0.463 a-B
2CI2 192 5.80 0.022 0.021 0.007 0.026 0.313 0.354 a-B
2HQI 216 0.18 0.021 0.023 0.011 0.028 0.292 0.417 a-B
2PTL 180 4.10 0.022 0.043 0.008 0.058 0.256 0.489 a-B
2VIK 378 6.80 0.010 0.015 0.003 0.037 0.294 0.394 a-B

1DIY-C 257 3.30 0.010 0.020 0.007 0.047 0.226 0.370 a-B

Note: In(k/) is protein folding rate, N,..N,.,N,, and N

int> < Vhair > * ¥ bul

is the content of internal loops, of hairpin loops, of bulge loops, and of multi-branch loops

mul

respectively, which were calculated with the equation (1), N

mat

is the content of base pairs in mRNA secondary structures, which were calculated with

the equation (2) NSC is the base content of the single strand in mRNA secondary structures, which were calculated with the equation (3).
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Table S2 Basic information for the 40 multi-state proteins
PDBID  mRNA length Ink,) N, N No N, N, N, Structure class
1A6N 453 1.10 0.008 0.013 0.003 0.027 0.283 0.435
1AYI 255 7.20 0.015 0.018 0.004 0.059 0.298 0.353
1CEI 255 5.80 0.016 0.018 0.004 0.055 0.306 0.384 a
1ENH 162 10.5 0.017 0.028 0.012 0.068 0.290 0.420 a
10zC 207 8.68 0.032 0.025 0.000 0.046 0.242 0.444 a
2CRO 195 5.35 0.016 0.023 0.005 0.056 0.308 0.369 o
2ABD 258 7.86 0.022 0.017 0.011 0.039 0.271 0.450 o
1BEB 468 -2.20 0.009 0.014 0.003 0.017 0.295 0.374 B
1ADW 369 -7.60 0.017 0.013 0.003 0.039 0.274 0.453 B
1CBI 408 -3.20 0.008 0.014 0.003 0.024 0.304 0.392 B
1EAL 381 1.30 0.011 0.019 0.004 0.024 0.294 0.399 B
IHCD 354 -4.97 0.019 0.017 0.007 0.064 0.229 0.525 B
1HNG 285 1.80 0.013 0.020 0.008 0.036 0.295 0.411 B
111B 453 -4.01 0.008 0.012 0.005 0.033 0.289 0.422 B
1IFC 393 3.40 0.007 0.014 0.004 0.037 0.275 0.450 B
1JOO 447 0.30 0.009 0.017 0.002 0.035 0.253 0.494 B
10PA 399 1.40 0.010 0.014 0.004 0.026 0.286 0.386 B
1TIT 267 3.60 0.013 0.022 0.007 0.041 0.326 0.348 B
1BNI 324 2.60 0.014 0.020 0.003 0.038 0.247 0.494 a-B
1BRS 267 3.40 0.013 0.018 0.008 0.036 0.270 0.466 a-B
1DK7 438 0.83 0.010 0.011 0.005 0.038 0.285 0.429 a-B
1GXT 264 4.40 0.019 0.019 0.004 0.087 0.277 0.443 a-B
1HEL 387 6.10 0.012 0.011 0.004 0.027 0.284 0.416 a-B
1THMK 363 2.79 0.010 0.013 0.004 0.045 0.289 0.419 a-B
1PHP-C 657 -3.50 0.006 0.007 0.002 0.018 0.309 0.382 a-B
1PHP-N 525 2.30 0.007 0.010 0.003 0.018 0.328 0.345 a-B
1QOP-A 807 -2.50 0.005 0.008 0.002 0.012 0.318 0.358 a-B
1QOP-B 1170 -6.90 0.003 0.004 0.002 0.009 0.312 0.374 a-B
1RA9 477 -3.20 0.009 0.013 0.002 0.022 0.321 0.358 a-B
1SCE 291 4.17 0.010 0.018 0.003 0.054 0.275 0.440 a-B
1QBU 228 7.30 0.023 0.022 0.014 0.026 0.307 0.333 a-B
2ASE 381 3.50 0.007 0.014 0.003 0.020 0.336 0.328 o
2BLM 780 -1.24 0.006 0.007 0.002 0.017 0.300 0.400 o
2LZM 492 4.10 0.009 0.009 0.004 0.029 0.285 0.429 o
2RN2 465 0.10 0.012 0.014 0.003 0.024 0.277 0.445 o
2VIK 378 11.9 0.010 0.015 0.003 0.037 0.294 0.394 o
3CHY 384 1.00 0.012 0.016 0.010 0.045 0.271 0.419 o
1AON 465 -1.50 0.008 0.010 0.005 0.029 0.288 0.424 o
1BTA 267 1.11 0.013 0.018 0.008 0.036 0.270 0.461 o
1B9C 672 -2.76 0.005 0.011 0.002 0.018 0.281 0.433 o3

Note: In(k,) is protein folding rate, N

loops respectively, which were calculated with the equation (1), N

int >

N._.,N, and N

hair >

bul

mul

is the content of internal loops, of hairpin loops, of bulge loops, and of multi-branch

mat

is the content of base pairs in mRNA secondary structures, which were

calculated with the equation (2) IK/,_C is the base content of the single strand in mRNA secondary structures, which were calculated with the equation

Q).



