Proteome and cellular amino acid compositions
may be mutually constrained and in a state of
narrow convergence

Genshiro Esumi
University of Occupational and Environmental Health, Kitakyushu, Japan

Proteins are composed of 20 amino acids, and their amino acid compositions are known to vary.
Today, it is possible to examine all the amino acid compositions of all proteins in a proteome, and
several reports have already reported on the differences in the compositions among the proteomes
of different organisms. Meanwhile, the distribution of amino acid compositions within the proteome
of a single organism has seldom been reported.

In this study, I examined the amino acid composition distribution of proteomic proteins based on
publicly available information on human and Escherichia coli (E. coli) proteomes and found three
things. First, each compositional distribution of all the examined amino acids showed a typical bell-
shaped distribution. Second, the mean values of the distributions of each proteome were correlated
with the measured amino acid compositions of human and E. coli cells, respectively. Third, in the
distribution analysis of the distances between the protein compositions and their means, each
proteome showed almost identical distributions in shape, and most of the proteins gathered toward
the narrowed center near the mean.

The largest source of protein synthesis is intracellular proteins, and it is reasonable to assume that
the source composition could constrain the proteome composition. On the other hand, proteome
proteins consist of intracellular proteins, and therefore, the proteome composition likely constrains
the intracellular composition. Hence, the bell-shaped narrow distributions of the amino acid
compositions and the correlations with the actual cellular compositions seem to suggest that the
amino acid compositions of proteome proteins are in a state of narrow convergence as a result of
mutual constraint with the source amino acids of intracellular proteins.
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Distributions of amino acid compositions in the Human proteome
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WERICRE SN T LMD 7 2 2 BHEOFEHECIX, HEROMEIZ XD, 7 A3
XY (Asn) ZT AT XUEE (Asp) 1T, ZVF 2 (Gln) &7V % SV (Glu) I
BHEHINTW, £/, PUTZF7 7Y (Trp) BHEREETH RIS N0k, i
EHZITS) 720, 70574 —LDFEHEHIZOWTIES, TANSIX Y, IV I Vidz
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Figure 2
%70 7 4 — LD FIME (Proteome average) . & & VgD EHIfE (HPLC) %L —
Y —F ¥ — MM TR L 72679,

Human Escherichia coli
HPLC  eesose Proteome average HPLC eeccee Proteome average
Asp Asp
Lys.15 Glu Lys.15 Glu
Phe o Ser Phe Ser
0.1 %% ¢ 0.1 oo
Leu - B Gly Leu . E Gly
0% : o I
lle N o His lle o P g His
0 -= UL ‘og
Cys »h Arg Cys FLANE Arg
[ 24 o.;
Met Thr Met Thr
Val Ala Val Ala
Tyr Pro Tyr Pro

fER2-2
Figure 2CHW 7 77— %122\ TC, 7'u 74— 2 O & Miid o F2RES o #H a5
(L1 distance) ZalB L. FIZTHIEEL 7 (Table 1) 10,
t b7 74— o e MR ISR < (LT distancedV NS ) . KIBE 707
F — LB RGBT (LT distance3/ NS ) FER E o 7,

Table 1

L1 distance between Proteome average and measured compositions (HPLC)

Proteome average

Human E. coli
Human 0.17535707 0.21438607
HPLC
E. coli 0.25734864 0.18111733
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L1 distanceZ 58 L., ZD0fi% 77 712 LTH L %,  (Figure 3, Figure 4)

Figure 3

Distribution of L1 distances between amino acid compositions of human proteins and their mean®.

N URTBEOMRE Tu T A — 2B EE E o7 2 2 EEEE (L1 distance) D3R

L1 Distance

Quantiles Summary Statistics
100.0% maximum 1.5736391 Mean 0.2889416
99.5% 0.738485  Std Dev 0.1112565
97.5% 0.5529608  Std Err Mean 0.0003084
90.0% 0.4252399  Upper 95% Mean 0.2895459
75.0% quartile 0.3423849 Lower 95% Mean 0.2883372
- 50.0% median 0.2671467 N 130184
0 02 04 06 08 1 12 14 16 18 2  290%  quarile 0.2127641
10.0% 0.1744344
2.5% 0.1392095
0.5% 0.1140867

0.0% minimum 0.0707237

Figure 4

Distribution of L1 distances between amino acid compositions of E. coli proteins and their mean’.

KW 7O/ E 7a 74— LEcE L o7 2 7 igihEE (L1 distance) D77

L1 Distance
Quantiles Summary Statistics
100.0% maximum 1.3403444 Mean 0.3188215
99.5% 1.0298631  Std Dev 0.1414969
97.5% 0.7074065  Std Err Mean 0.0021583
90.0% 0.472578 Upper 95% Mean 0.3230529
75.0% quartile 0.3701714  Lower 95% Mean 0.3145901
P e 50.0% median 0.2870032 N 4298
0 02 04 06 08 1 12 14 16 1.8 2  290%  quarile 0.2266303
10.0% 0.1885097
2.5% 0.1570269
0.5% 0.128201

0.0% minimum  0.0911439
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Supplemental data
Table S1

Averages of proteome protein amino acid compositions.

Ala
Cys
Asp
Glu
Phe
Gly
His
lle
Lys
Leu
Met
Asn
Pro
Gin
Arg
Ser
Thr
Val
Trp
Tyr

Human

11/15

0.06906053
0.02282891
0.04710301
0.07107606
0.03651012
0.06443533
0.02672008
0.04351055
0.05912225
0.09879924
0.02272135
0.03615612
0.06260936
0.04831508
0.05741121
0.08287089
0.05271161
0.05895113

0.0123972
0.02668714

E. Coli

0.09344661
0.01313405
0.04997623
0.05770236
0.03944156
0.07035089
0.02331543
0.061668
0.04737596
0.10642249
0.03051404
0.03871453
0.04272531
0.04384307
0.05595412
0.05809553
0.05333534
0.07100088
0.01512361
0.0278592



Supplemental data

Table S2

Comparison between HPLC data and Proteome composition means.

Asp
Glu
Ser
Gly
His
Arg
Thr
Ala
Pro
Tyr
Val
Met
Cys
lle
Leu
Phe

Lys

Human

HPLC

0.09592733
0.12577361

0.0687762
0.08973847
0.02016371
0.05859453
0.05879417
0.08185267
0.05190657
0.03074466

0.0618886
0.00119784
0.00069874
0.04561789
0.09033739
0.03673388
0.08125374

Proteome

0.08430451
0.12089018

0.0839114
0.06524436
0.02705557
0.05813205
0.05337344
0.06992763
0.06339546
0.02702222

0.0596913
0.02300663
0.02311555
0.04405686
0.10003974
0.03696853
0.05986457

12/15

E. coli

HPLC

0.11461146
0.11121112
0.05160516
0.08960896
0.0190019
0.04910491
0.05960596
0.10541054
0.03840384
0.03010301
0.07970797
0.01120112
0.00150015
0.05070507
0.08960896
0.03620362
0.06240624

Proteome

0.09005276
0.10310483
0.05898768
0.07143124
0.02367347
0.05681339
0.05415439
0.09488163
0.04338143
0.02828703
0.07209121
0.03098263
0.01333574
0.06261502
0.10805679
0.04004725

0.0481035



Supplemental data
Figure S1

Distribution of L1 distances of human proteome proteins from the mean composition, calculated in

the 17th dimension to fit for HPLC data comparison.

L1 17th
Quantiles
100.0% maximum
99.5%
97.5%
90.0%
75.0% quartile
- 50.0% median
0 02 04 06 08 1 12 14 16 18 2  290%  quartile
10.0%
2.5%
0.5%
0.0% minimum

13/15

1.6774681
0.7805405
0.5824034
0.4459349
0.3567037
0.2768715
0.2186088
0.1778481

0.140977
0.1123265
0.0733264

Summary Statistics

Mean 0.2999318
Std Dev 0.1185777
Std Err Mean 0.0003286

Upper 95% Mean 0.300576
Lower 95% Mean 0.2992877
N 130184



Figure S2

Distribution of L1 distances of P. falciparum proteome proteins from the mean.

Distributions
L1 Distance
Quantiles Summary Statistics
100.0% maximum 1.3778379 Mean 0.2981281
99.5% 0.7523781  Std Dev 0.1149172
97.5% 0.579202  Std Err Mean 0.0015657
90.0% 0.4416677 Upper 95% Mean 0.3011975
75.0% quartile 0.3535676 Lower 95% Mean 0.2950586
— - 50.0% median 0.2792402 N 5387
0 02 04 06 08 1 12 14 16 18 2  220%  quarile 0.2179186
10.0% 0.1782294
2.5% 0.1412435
0.5% 0.112141

0.0% minimum 0.0888558

Figure S3

Distribution of L1 distances of S. coelicolor proteome proteins from the mean.

Distributions
L1 Distance
Quantiles Summary Statistics
100.0% maximum 1.06211 Mean 0.2930619
99.5% 0.6793635  Std Dev 0.1023083
97.5% 0.5441018  Std Err Mean 0.0011805
90.0% 0.4251238 Upper 95% Mean 0.295376
75.0% quartile 0.3448697 Lower 95% Mean 0.2907478
e 50.0% median 0.2750159 N 7511
0 02 04 06 08 1 12 14 16 18 2  290%  quarile 0.2212667
10.0% 0.1818068
2.5% 0.1488098
0.5% 0.1248028

0.0% minimum  0.0959586
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Supplemental data
Table S3

Mean amino acid compositions of the proteomes of each organism.

Human E. coli P. falciparum S. coelicolor
Ala 0.06906053 0.09344661 0.02531304 0.13640701
Cys 0.02282891 0.01313405 0.01830385 0.00836881
Asp 0.04710301 0.04997623 0.05974709 0.06096588
Glu 0.07107606 0.05770236 0.06988169 0.0580959
Phe 0.03651012 0.03944156 0.04698609 0.02658511
Gly 0.06443533 0.07035089 0.03194682 0.09474899
His 0.02672008 0.02331543 0.02274009 0.02343441
lle 0.04351055 0.061668 0.09327141 0.02925133
Lys 0.05912225 0.04737596 0.11656755 0.02091947
Leu 0.09879924 0.10642249 0.08264144 0.10217055
Met 0.02272135 0.03051404 0.02269231 0.01820463
Asn 0.03615612 0.03871453 0.12115248 0.01647969
Pro 0.06260936 0.04272531 0.02225285 0.06095429
GIn 0.04831508 0.04384307 0.02815444 0.02625286
Arg 0.05741121 0.05595412 0.0299709 0.08440261
Ser 0.08287089 0.05809553 0.06373072 0.04964266
Thr 0.05271161 0.05333534 0.04243422 0.06102103
Val 0.05895113 0.07100088 0.04154341 0.08686675
Trp 0.0123972 0.01512361 0.00588738 0.0152616
Tyr 0.02668714 0.0278592 0.0547779 0.01996643
Table S4
L1 distances between amino acid compositions of each proteome.
Human E. coli P. falciparum S. coelicolor
Human 0 0.1776181 0.48682816 0.36194749
E. coli 0.1776181 0 0.50090623 0.29845461
P. falciparum 0.48682816 0.50090623 0 0.72350743
S. coelicolor 0.36194749 0.29845461 0.72350743 0
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