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Abstract: 
Carbon distribution is responsible for stability and structure of proteins. Arrangement of carbon along the protein sequence is 
depends on how the amino acids are organized and is guided by mRNAs. An atomic level revision is important for understanding 
these codes. This will ultimately help in identification of disorders and suggest mutations. For this purpose a carbon distribution 
analysis program has been developed. This program captures the hydrophobic / hydrophilic / disordered regions in a protein. The 
program gives accurate results. The calculations are precise and sensitive to single amino acid resolution. This program is to help in 
mutational studies leading to protein stabilisation. 
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Background: 
Proteins evolve in response to the nature of interaction and 
stability. Hydrophobic force considered to be the major force 
involved in protein folding and action. Carbon is the element 
contributes towards this dominant force. Arrangement of this 
carbon along the sequence depends on how the amino acids are 
organized. Recent studies on this matter find that proteins 
prefer to have 31.45% of carbon [1, 2] for stability in its structure 
and sequence. Given this standard, a carbon analysis program 
[2] has been developed to study the carbon distribution profile 
of protein sequences. This is not sensitive to single amino acid 
level. However it program can be used to see carbon along the 
sequence [3]. This program helps in identification of ligand 
binding sites [4, 5] and to understand the problem of protein-
protein and protein-DNA interactions [6]. However protein 
disorders in a short stretch of sequence and possible mutations 
are not possible to predict. It is reported that allotment of 
carbon along the sequence is responsible for disorders in 
proteins [7]. With this idea and carbon scale, a new program 
CARd has been developed for sensitive measure of 
hydrophobic quantity at amino acid level. 
 

Methodology:  
Dataset  
The sample sequence of super oxide dismutase (SOD) was 
taken from Swissprot database. The UniprotKB ID number of 
the protein is P00441. 
 

 
Figure 1: Flow Diagram showing how carbon distribution 
obtained with Outer-Inner length method 
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Method  
The flow diagram (Figure 1) outlines how the distribution of 
inner lengths based on carbon fraction is counted in a outer 
length. The pink coloured sequence is protein sequence which 
is converted into atomic sequence (shown in multiple colours 
(red+blue+pink). The red portion is an inner length. The blue 
portions are outer length which includes the red portion as 
well. The entire atomic sequences are given in pink colour 
which includes both blue and red. Here the outer and inner 
lengths are taken as 100 and 35 atoms. There are 65 (100-35) 
inner lengths for statistics. These 65 inner lengths are grouped 
based on carbon fraction. The C11 has (11/35) 0.31 carbon 
fraction. The flow chart (Figure 2) on the other side shows how 
the algorithm works in calculation. A program has been written 
to do all this calculations. The program reads the protein 
sequence, converts into atomic sequence, takes a length 
(anything from 77 to 700 atoms) of sequence, split into small 
lengths (from 32 to -350 atoms) of equal sizes, finds fraction of 
carbon atoms in all this small lengths and counts number of 
small lengths that contain a defined fraction of carbon. There 
are small lengths with 0.25 / 0.45 carbon but maximum at 
around 0.31. A distribution of range of small lengths based on 
carbon fraction appears like a normal distribution curve. This 
distribution curve is obtained for all possible outer length. The 
outer lengths can be any length between 77 and 700 
corresponds to 5 and 45 amino acids. Any outer length chosen 
between 100 and 150 atoms is sufficient for most of the 
observations.  Here it is chosen as 150 in all calculations. The 
inner length can be between 32 and 350 which are not exceeding 
half of the outer length.  Inner length of 35 atoms is chosen here 
in all calculations as it is the smallest unit with 11 carbons 
which can produce fraction of 0.31. The outer length is moved 
with step value of selected atoms. Normally it is half of the 
outer length. Here it is 75 atoms as the outer length is 150. A 
carbon distribution profile is obtained for all possible outer 
length.  
 
Generally normal profiles will have a Gaussian distribution 
curve with maximum frequency at 0.3145. Any shift from this 
maximum is considered as hydrophilic (negative side) or 
hydrophobic (positive side). Difference in normal distribution is 
considered as disordered outer length which contains improper 
amino acid distribution. When the outer length contains a 
proper arrangement of amino acids then there is normal 
distribution. That is improper arrangements can be identified 
from this calculations means that a stretch of sequence which 
are hydrophobic or hydrophilic or unstable can be predicted. 
The statistical mean, median, mode and standard deviation of 
the distribution profile curve can be obtained to check whether 
the distribution is normal or not. While the mean, median and 
mode are equal for a given stretch, it is considered as normal 
distribution. Then the stretch of sequence is in proper mode of 
arrangement. CARd program computes for every (outer length) 
distribution profile and prints at the end of the profile results. 
CARd, the flexible program has option to output mean, median, 
mode and standard deviation at every amino acid site. It also 
gives simple average carbon fraction at an amino acid site and 
for given output length. This replaces our earlier CARBANA 
program [2] for carbon analysis. A plot of mean value versus 
amino acid number can be plotted. This plot is to see the overall 
hydrophobic or hydrophilic regions in the sequence. It is similar 
to hydropathy plot. 

 
Figure 2: Flow chart showing how the algorithm works in the 
CARd program. 
 
Discussion: 
Carbon distribution profile 
CARd analysis is carried out for super oxide dismutase 
sequence. An outer length of 150 atoms and inner length of 35 
atoms are used. The carbon distribution plot (Figure 3) is 
obtained for every outer length with a gap of 75 atoms.   The 
plots show the frequency versus carbon fraction. Each plot is 
labeled with the range of amino acids involved in the particular 
outer length.  The first plot shows distribution profile for first 10 
amino acids and the next one is for 11 amino acids from 6 to 16. 
Third outer length is from 10 to 21 amino acids and 11 amino 
acids long. This way the distribution plot till last possible outer 
length is obtained. Each plot shows a different distribution 
profile. Outer lengths 72-82, 77-88, 82-93, 88-99, 114-123, 119-129 
and 141-152 are having normal distribution and considered as 
stable regions. Outer lengths 88-99, 114-123 and 129-141 are  in 
perfect distribution. Amino acids in these lengths are arranged 
with perfect carbon distribution.  Outer lengths 93-104 and 99-
110 are in order based on carbon distribution but hydrophobic 
in nature. Outer lengths 50-63, 110-119, 123-135, 129-141 and 
135-146 are having normal carbon distribution but hydrophilic. 
Similarly the outer lengths 56-68, 63-72, 68-77 and 104-114 are 
hydrophilic plus disorder. Infact 56-68, 63-72 and 68-77 are 
metal binding sites. There are metal binding sites such as 46-56, 
77-88, 82-93 and 114-123 are having normal carbon distribution. 
The outer length 50-63 and 56-68 has a disulphide bond that 
stabilise the structure but carbon distribution is not in order. 
The disordered outer lengths need to be taken for mutational 
study. Similar plot on abnormal proteins reveal that most of the 
stretches are in disrorder regions. So this carbon distribution 
analysis program can find disordered proteins, small stretch 
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that are disorder and amino acid responsible for disorder.This 
mathod is sensitive to single amino acid level. This can be better 
exploited for mutational study leading to stabilisation of 
proteome.  
 

 
Figure 3: CARd analysis on SOD protein with 150 atoms (10 
amino acid) of outer length and 35 atoms of inner length. Gap 
between each outer length is chosen as75 atoms. The individual 
plots are frequency versus carbon fraction for the short stretch 
labeled. For example the first plot is for first 10 amino acids, the 

second one is for residues 6-16, third one is for residues 10-21 
and so on. The distribution plot is shown till last possible outer 
length. Each plot shows a different distribution curve. If the 
distribution plot is normal and maximum frequency at 0.3145, 
then the particular stretch is normal and stable (e.g. 77-88 and 
88-99). When the curve is normal and shifted to left or right 
then the stretch is a hydrophilic (e.g. 125-146) or hydrophobic 
(e.g. 10-21) region. If the distribution in not normal then it is 
disordered region (e.g. 104-114). 
 
Mean median, mode and standard deviation of the distribution 
profile 
The statistical mean, median, mode and standard deviation of 
the distribution curve obtained for SOD. The results are not 
shown. It gives output of average carbon fraction, mean, 
median with mode and standard deviation of the distribution 
profile at every amino acid position as shown in Table 1 (see 
supplementary material). This is achieved by selecting step size 
of suitable atoms. A plot of amino acid number versus mean 
values can be obtained to identify the hydrophobic or 
hydrophilic regions along the sequence.  This is similar to 
CARBANA output on average carbon fraction along the 
sequence.  
 
Conclusion: 
CARbon distribution (CARd) analysis program has been 
developed to capture the hydrophobic/hydrophilic regions in 
proteins. The calculations are precise and sensitive to single 
amino acid change. This program is hoped to help in mutational 
studies leading to protein stabilisation. It can capture the 
essence of hydrophobicity in small stretch of sequence.  
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Supplementary material: 
 
Table 1: CARd output for SOD sequence. Amino acid number, average carbon (CARBANA result), mean, median, mode and 
standard deviation are given. (Input parameters are OL=135, IL=35 and step=15) 
Amino Acid Carbon (Avg) Statistical. Mean C Median C Mode  C Statistical  Deviation  
5 0.3037 0.3042 0.3143 0.3429 0.0499 
6 0.3037 0.2981 0.3143 0.3429 0.0509 
7 0.2889 0.3036 0.3143 0.3429 0.0538 
8 0.2815 0.3092 0.3143 0.3429 0.0539 
9 0.3037 0.3170 0.3143 0.3429 0.0534 
10 0.3037 0.3149 0.3143 0.3429 0.0547 
11 0.3111 0.3139 0.3143 0.3429 0.0535 
12 0.3037 0.3166 0.3429 0.3429 0.0560 
14 0.2889 0.3122 0.3143 0.3429 0.0558 
15 0.3185 0.3246 0.3429 0.3714 0.0525 
16 0.3037 0.3414 0.3429 0.3714 0.0488 
17 0.3481 0.3439 0.3429 0.3714 0.0524 
18 0.3481 0.3422 0.3429 0.2857 0.0538 
19 0.3481 0.3368 0.3429 0.3714 0.0547 
20 0.3481 0.3363 0.3143 0.2857 0.0528 
21 0.3185 0.3328 0.3143 0.2857 0.0553 
21 0.3185 0.3237 0.3143 0.2857 0.0570 
22 0.3333 0.3284 0.3143 0.3143 0.0560 
23 0.3185 0.3250 0.3143 0.3143 0.0543 
24 0.3259 0.3208 0.3143 0.3143 0.0517 
25 0.2963 0.3111 0.3143 0.3143 0.0450 
26 0.3037 0.3074 0.3143 0.3143 0.0435 
27 0.2963 0.3237 0.3143 0.3143 0.0590 
29 0.2963 0.3340 0.3143 0.3143 0.0636 
30 0.3407 0.3384 0.3143 0.3143 0.0588 
31 0.3333 0.3443 0.3143 0.3143 0.0555 
31 0.3556 0.3433 0.3429 0.3143 0.0577 
32 0.3333 0.3374 0.3143 0.3143 0.0645 
33 0.3259 0.3269 0.3143 0.3143 0.0669 
34 0.3259 0.3311 0.3143 0.3143 0.0661 
35 0.3037 0.3303 0.3143 0.3143 0.0667 
36 0.3111 0.3200 0.3143 0.3143 0.0552 
37 0.3185 0.3130 0.3143 0.3143 0.0509 
38 0.3111 0.3134 0.3143 0.3143 0.0522 
39 0.3185 0.3200 0.3143 0.3429 0.0622 
40 0.2889 0.3271 0.3143 0.3143 0.0688 
41 0.3481 0.3408 0.3429 0.3143 0.0667 
42 0.3407 0.3477 0.3429 0.3143 0.0606 
43 0.3333 0.3471 0.3429 0.3143 0.0605 
44 0.3333 0.3519 0.3429 0.3143 0.0567 
46 0.3481 0.3582 0.3429 0.3143 0.0578 
46 0.3481 0.3643 0.3714 0.3143 0.0558 
47 0.3556 0.3674 0.3714 0.3143 0.0552 
48 0.3481 0.3613 0.3429 0.3143 0.0492 
49 0.3778 0.3508 0.3429 0.3143 0.0488 
50 0.3407 0.3372 0.3143 0.3143 0.0477 
51 0.3333 0.3330 0.3143 0.3143 0.0514 
51 0.3481 0.3294 0.3143 0.3429 0.0531 
53 0.3407 0.3231 0.3143 0.2857 0.0557 
54 0.3185 0.3145 0.3143 0.2857 0.0506 
55 0.3185 0.3141 0.3143 0.2857 0.0492 
57 0.2889 0.3179 0.3143 0.2857 0.0534 
58 0.3185 0.3261 0.3143 0.2857 0.0579 
59 0.3333 0.3355 0.3429 0.3714 0.0598 
61 0.3259 0.3414 0.3429 0.3714 0.0602 
63 0.3333 0.3460 0.3429 0.3714 0.0566 
64 0.3481 0.3498 0.3714 0.3714 0.0565 
64 0.3259 0.3477 0.3714 0.3714 0.0589 
65 0.3556 0.3473 0.3429 0.3714 0.0585 
66 0.3333 0.3330 0.3429 0.4286 0.0685 
67 0.3333 0.3200 0.3143 0.2571 0.0670 
68 0.3185 0.3111 0.3143 0.3429 0.0630 
69 0.2889 0.3042 0.3143 0.2571 0.0608 
70 0.2963 0.3053 0.3143 0.2571 0.0582 
71 0.3037 0.3017 0.2857 0.2857 0.0568 
71 0.2815 0.2975 0.2857 0.2571 0.0545 
72 0.2963 0.3076 0.3143 0.2857 0.0574 
74 0.2815 0.3116 0.3143 0.3143 0.0605 
75 0.3037 0.3176 0.3143 0.3143 0.0530 
76 0.3037 0.3160 0.3143 0.3143 0.0543 
77 0.3185 0.3168 0.3143 0.3143 0.0518 
78 0.3185 0.3147 0.3143 0.3143 0.0492 
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79 0.3111 0.3137 0.3143 0.3143 0.0471 
80 0.3037 0.3155 0.3143 0.3143 0.0471 
80 0.3185 0.3164 0.3143 0.3143 0.0473 
81 0.3111 0.3132 0.3143 0.3143 0.0443 
82 0.3111 0.3071 0.3143 0.3143 0.0399 
84 0.3037 0.3069 0.3143 0.3143 0.0389 
85 0.2963 0.3158 0.3143 0.3143 0.0356 
85 0.3037 0.3139 0.3143 0.3143 0.0360 
87 0.3259 0.3111 0.3143 0.3429 0.0388 
88 0.3185 0.3086 0.3143 0.3143 0.0376 
89 0.2963 0.3086 0.3143 0.3143 0.0382 
90 0.2889 0.3118 0.3143 0.3143 0.0363 
92 0.3185 0.3124 0.3143 0.3143 0.0364 
92 0.3259 0.3155 0.3143 0.3143 0.0387 
93 0.3185 0.3183 0.3143 0.3429 0.0401 
95 0.3259 0.3145 0.3143 0.3429 0.0396 
96 0.3185 0.3151 0.3143 0.3429 0.0401 
97 0.3037 0.3206 0.3143 0.3429 0.0360 
98 0.3111 0.3239 0.3429 0.3429 0.0388 
100 0.3185 0.3210 0.3143 0.3429 0.0401 
100 0.3259 0.3210 0.3143 0.3429 0.0439 
101 0.3111 0.3170 0.3143 0.3429 0.0456 
102 0.3037 0.3116 0.3143 0.2571 0.0434 
104 0.3037 0.3143 0.3143 0.3429 0.0440 
105 0.3037 0.3166 0.3143 0.3429 0.0440 
105 0.3185 0.3195 0.3143 0.3429 0.0472 
107 0.3037 0.3193 0.3143 0.2571 0.0504 
107 0.3259 0.3155 0.3143 0.2571 0.0496 
109 0.3185 0.3202 0.3143 0.3429 0.0522 
110 0.2889 0.3122 0.3143 0.3429 0.0542 
111 0.3259 0.3097 0.3143 0.3429 0.0555 
112 0.2815 0.3097 0.2857 0.2857 0.0550 
113 0.2889 0.3095 0.3143 0.2857 0.0523 
114 0.2963 0.3053 0.2857 0.2857 0.0511 
115 0.2815 0.3055 0.2857 0.2857 0.0492 
116 0.2963 0.3076 0.3143 0.2857 0.0461 
117 0.2963 0.3111 0.3143 0.3143 0.0478 
118 0.3111 0.3080 0.3143 0.3143 0.0422 
119 0.3333 0.3118 0.3143 0.3143 0.0393 
120 0.2741 0.3124 0.3143 0.3143 0.0397 
121 0.3259 0.3227 0.3143 0.3143 0.0437 
121 0.3259 0.3206 0.3143 0.3143 0.0439 
122 0.3259 0.3223 0.3143 0.3143 0.0490 
123 0.3037 0.3149 0.3143 0.3143 0.0498 
124 0.3111 0.3061 0.3143 0.3143 0.0529 
125 0.2815 0.3032 0.3143 0.3143 0.0515 
127 0.2889 0.3063 0.3143 0.2857 0.0542 
127 0.2889 0.3092 0.3143 0.2857 0.0544 
129 0.3185 0.3126 0.3143 0.2857 0.0526 
129 0.2963 0.3074 0.2857 0.2857 0.0491 
131 0.2889 0.3048 0.2857 0.2857 0.0489 
133 0.2889 0.2956 0.2857 0.2857 0.0479 
134 0.3037 0.2975 0.2857 0.2857 0.0468 
135 0.2815 0.3021 0.2857 0.2857 0.0449 
136 0.3037 0.3017 0.2857 0.2857 0.0468 
137 0.2815 0.2971 0.2857 0.2857 0.0441 
137 0.2963 0.2973 0.2857 0.2857 0.0426 
138 0.2741 0.2897 0.2857 0.2857 0.0457 
140 0.2963 0.2845 0.2857 0.2857 0.0448 
141 0.2889 0.2872 0.2857 0.2857 0.0483 
143 0.2667 0.2977 0.2857 0.2857 0.0481 
144 0.2889 0.2994 0.3143 0.3143 0.0496 
145 0.3185 0.3046 0.3143 0.3429 0.0535 
145 0.2963 0.3025 0.3143 0.3143 0.0509 
147 0.3111 0.3032 0.3143 0.3143 0.0547 
148 0.2889 0.2905 0.2857 0.2286 0.0637 
149 0.3037 0.2912 0.3143 0.2286 0.0694 

 


