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Statistical methods have been implemented to justify and determine realistic values of the elemental (pseudo-molecular) composition 
of living cells. Several species and genera have been studied, ranging from microorganisms (prokaryotes, fungi) to mammalian cells. 
About microorganisms, this paper analyzes many different situations (growth rates, metabolic regimes, culture media, etc.). We also 
considered different human tissues. By temporarily excluding higher plants, we concluded that the elemental composition of C, H, O, 
and N, exceeding 95% of the dry cell weight, is almost universally the same for all cells, regardless of cell types and the operating regime 
(respiratory or fermentative, for example). We obtain the following "universal" value: CH1.74O0.49 N0.18 .

Introduction
Although biology ceased to be purely descriptive decades ago, it is only 
recently that there has been a considerable increase in the number of 
data in that field. Phillips and Milo in their 2009 article (Phillips and 
Milo (2009)) reported approximately 4,000 searches per month in 
the biological database BIONUMBERS (www.BioNumbers.org), and 
this number probably increased over the last ten years. This need 

for quantification in biology is due to many reasons (Phillips and Milo 
(2009)) related to both the progress of life science and its orientation, 
such as molecular biology, bioengineering, biotechnology, genetics, to 
which should be added mathematical modeling, theoretical biology, 
systems biology or computational biology.
Biological numeracy is not, as we conceive it, a reductionist approach 
to the science of life, but a simple tool, useful in many situations. As 
early as 1983, Roels (Roels (1983)) advocated “… it seems reasonable 
to adopt a general composition formula for biomass according 
to CH1.8O0.5N0.2 whenever the biomass composition is not exactly 
known. (Author's note: corrected formula: N0.2 in place of erroneous 
O0.2.)”. Although this formula has been very useful, very little similar 
data has appeared in the literature, and we have never identified a 
definite validation of it. Furthermore, the extension of the elemental 
composition (pseudo- molecular) to all biomass seems somewhat 
arbitrary, or even false, if we take the term "biomass" in its strictest 
sense.
In this work, we wanted to escape what seemed like a "Fermi problem" 
(Navarro (2013)) to ensure a more rigorous and better-justified pseudo-
molecular formulation of living organisms. We have shown that a very 
general cell formulation is possible without, however, covering the 
entire field of animal biomass, nor, to this day, that of higher plants 
(such as spermatophytes, for example; we will see in the Discussion 
the field of application that we have highlighted, without claiming 
to limit the scope of the concept to this description). The statistical 
concepts we used appeared a priori simple, but were less powerful 
than we thought. This probably stemmed from the special nature of 
statistical samples (sample size effect, Genin (2015)) we obtained from 
the literature.
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Table 1: Elemental composition of microorganisms

Materials and methods
Cases studied

Case RO80 Chemical index

Species C H O N

Escherischia coli 1 1.77 0.49 0.24

Klebsiella aerogenes 1 1.75 0.43 0.22

Klebsiella aerogenes 1 1.73 0.43 0.24

Klebsiella aerogenes 1 1.75 0.47 0.17

Klebsiella aerogenes 1 1.73 0.43 0.24

Pseudomonas C12B 1 2.00 0.52 0.23

Aerobacter aerogenes 1 1.83 0.55 0.25

Parcoccus denitrificans 1 1.81 0.51 0.20

Parcoccus denitrificans 1 1.51 0.46 0.19

Saccharomyces cerevisiae 1 1.64 0.52 0.16

Saccharomyces cerevisiae 1 1.83 0.56 0.17

Saccharomyces cerevisiae 1 1.81 0.51 0.17

Candida utilis 1 1.83 0.54 0.10

Candida utilis 1 1.87 0.56 0.20

Candida utilis 1 1.83 0.46 0.19

Candida utilis 1 1.87 0.56 0.20

Case RO83 Chemical index

Growth rate D (h-1) C H O N

0.073 1 2.00 0.5 0.17

0.080 1 1.82 0.47 0.17

0.0B0 1 1.82 0.58 0.16

0.102 1 1.89 0.52 0.17

0.103 1 1.89 0.67 0.17

0.115 1 1.57 0.48 0.18

0.144 1 2.15 0.63 0.16

0.144 1 1.95 0.52 0.17

0.165 1 1.86 0.63 0.20

0.200 1 1.59 0.46 0.17

0.220 1 1.65 0.56 0.18

0.255 1 1.78 0.60 0.19

0.259 1 1.89 0.59 0.20

0.010 1 1.85 0.74 0.14

0.015 1 1.79 0.6 0.15

0.031 1 1.96 0.63 0.16

0.061 1 1.83 0.56 0.19

0.088 1 1.89 0.51 0.16
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TISSUE C H O N

Adipose tissue 1 1 2.60 0.51 2.16E-02

Adipose tissue 2 1 2.29 0.35 1.00E-02

Adipose tissue 3 1 2.04 0.22 2.52E-03

Adrenal gland 1 4.48 1.53 7.85E-02

Aorta 1 8.08 3.56 2.45E-01

Blood—erythrocytes 1 6.00 2.55 2.66E-01

Blood—plasma 1 31.61 15.22 2.30E-01

Blood—whole 1 11.13 5.08 2.57E-01

Brain—cerebrospinal fluid 0 2.00 1.00 0.00E+00

Brain—grey matter 1 13.52 6.06 1.62E-01

Brain—white matter 1 6.56 2.56 1.10E-01

Connective tissue 1 5.45 2.25 2.57E-01

Eye lens Gallbladder— 1 5.91 2.48 2.51E-01

bile 1 21.25 10.11 1.41E-02

Gastrointestinal tract—small intestine (wall) 1 11.06 4.90 1.64E-01

Gastrointenstinal tract—stomach 1 8.98 3.89 1.79E-01

Heart 1 1 7.06 2.92 1.52E-01

Heart 2 1 8.98 3.87 1.79E-01

Heart 3 1 12.12 5.50 2.25E-01

Heart — blood filled 1 10.21 4.55 2.27E-01

Kidney 1 7.65 3.25 1.82E-01

Kidney 2 1 9.36 4.11 1.95E-01

Kidney 3 1 21.96 5.32 2.18E-01

Liver 1 1 7.92 3.37 1.48E-01

Liver 2 1 8.81 3.86 1.85E-01

Liver 3 1 9.62 4.33 2.24E-01

Lung—parenchyma 1 12.24 5.61 2.46E-01

Table 1: Elemental composition of microorganisms

Table 2: Elemental composition of human tissues

0.108 1 1.8 0.55 0.18

Case FC15 Chemical index

Growth rate D (h-1) C H O N

0.4 1 1.74 0.51 0.21

0.3 1 1.74 0.5 0.21

0.2 1 1.69 0.58 0.20

0.1 1 1.75 0.46 0.19

0.4 1 1.71 0.43 0.24

0.3 1 1.69 0.43 0.24

0.2 1 1.70 0.4 0.24
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Lung—blood-filled 1 11.77 5.35 2.53E-01

Mammary gland 1 1 2.58 0.53 3.90E-02

Mammary gland 2 1 3.83 1.19 7.75E-02

Mammary gland 3 1 7.75 3.31 2.01E-01

Muscle—skeletal I 1 7.09 2.99 1.80E-01

Muscle —skeletal 2 1 8.56 3.72 2.04E-01

Muscle—skeletal 3 1 10.93 4.99 2.30E-01

Ovary 1 13.55 6.19 2.21E-01

Pancreas 1 7.53 3.08 1.12E-01

Prostate 1 14.16 6.52 2.41E-01

Skeleton— cartilage 1 11.64 5.64 1.90E-01

Skeleton— cortical bone 1 2.63 2.10 2.32E-01

Skeleton—red marrow 1 3.04 0.80 7.04E-02

Skeleton— spongiosa 1 2.52 0.68 5.94E-02

Skeleton—yellow marrow 1 2.14 0.27 9.32E-03

Skin 1 1 4.80 1.78 1.58E-01

Skin 2 1 5.88 2.37 1.76E-01

Skin 3 1 7.67 3.30 2.01E-01

Spleen 1 10.94 4.92 2.43E-01

Testis 1 12.85 5.80 1.73E-01

Thyroid 1 10.49 4.70 1.73E-01

Trachea 1 8.72 3.85 2.03E-01

Urinary bladder— urine 1 264.00 129.30 1.71E+00

Urinary bladder—empty 1 13.13 5.94 2.30E-01

Urinary bladder—filled 1 37.03 17.79 3.70E-01

Table 2: Elemental composition of human tissues

General case. – Principle
Let Spi denote a class of living beings andE j ,i  the index of a chemical 
element j. The class Spi is associated with an elemental composition, 
a pseudo-molecule, i:

where A, B, C,Q are chemical elements. To the extent that we always 
consider the same series (type and number) of elements, we can 
characterize a class just by the indices of its elements:

where NE is the number of different elements considered. Let NSp be 
the number of different classes. We can then define a matrix 
M =  NSP X NE      representing the set of elemental
 
compositions associated with each class. Each element of this matrix is 
defined by Ej ,i and represents the jth element of the ith species. Each 
column of the matrix M then constitutes a sequence composed of the 
same element present in all the pseudo-molecular species

envisaged, namely

Our basic assumption is that the probability of the value of Ej ,i
 is independent of the class considered, or that the given value of Ej ,i 
is equiprobable for all classes (independent of i). We then adopted the 
following null hypothesis:
H0: The statistical distribution of the values of the set (2.2) is uniform.
By definition, NSp is the size of the sample.

For example, the case CASE SL99 shows the 5x4 matrix of the five 
classes (bacteria, algae, molds, yeasts, all) characterized by the four 
elements C, H, O, N.
Particular case.
We limit this study to the four main elements C, H, O, N, representing 
more than 95% of the weight of a "homogeneous" cell (see 
Discussion). We can then simplify the writing by posing E1,i Ξindexi(C)
, E2,i Ξindexi (H ) ,E3,i Ξ indexi (O) ,E4,i Ξ indexi (N ) . Subsequently, we 
will omit the index i of the element. Calculations will always relate to 
E1,i Ξ 1.

(2.1)
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Used calculations
Moments of the uniform law

                                                                                                    

where min and max are, respectively, the smallest and the largest 
observed (experimental) values of the sequence (2.2); Mean is the 
arithmetic mean, Var the variance of this same sequence and Std. Dev. 
the standard deviation.
For the method of moments (Dagnelie (1973), Newey and West 
(1987), Zsohar (2013)), using (3.1) and (3.3), it is possible to calculate a 
"theoretical" value of min and max:
                              minth= Mean−
                           minth= Mean+
(See Appendix 1 for a demonstration.) Estimators of the moments.
For the simulations, we used the following moment estimators:

where N is the number of measurements.
It was not possible to use the method of moments (Newey and West 
(1987), Zsohar (2013)) because the very low value of the experimental 
variance made the theoretical values (3.4) and (3.5) too close to one 
another, and differed too much from the observed experimental 
values
Data expressed in percentages
The elemental composition of a living category is sometimes expressed 
as a mass percentage rather than a molar index. The transformation of 
percentage data into moles is as follows: The percentage of a is given 
by

where Pc(a) is the percentage of a in the sample, Ma its mass and Mtot 
the total mass of the sample.
We have
NM(a)=MMaxMa
where NM(a) is the number of moles of a and MMa the molar mass of 
a. Putting (3.6) into (3.7), it eventuates that

                       

and so, the molar mass of a divided by the molar mass of carbon, C, 
is then

                                                              
Simplifying, we find that
          

where'Ea,i is the index of a relative to carbon.
Note:  this relationship is independent of the expression in dry or wet 
weights of the percentage in the sample (the ratio eliminates the 
corrective factor of the two percentages). On the other hand, the 
global elemental composition requires adjustment of the pseudo-
molecular formula by removing the moles of "free" water.
Sample correction expressed in wet weight.
Most of the time, the elemental compositions are given in dry weight, 
but it may happen that this composition is that of the wet weight. 
The correction in dry weight was made in the following way:
Let W(%) represent the water content and MMi the molar mass of the 
pseudo-molecule; we then have the relation
                                        x×18=w(%)xMMi
where x is the number of moles of water (2 H + 1 O) and 18 its molar 
mass. We determine x by

The correction of the "wet" index is then as follows
                  for H: E2,i=Ew

2,i–2x; for O : E3,i=Ew
3,i– x                   

Reduction of the indices on the interval [0,1].
The majority of uniformity tests require variables to be between 0 and 
1. The following relation makes it possible to transform the raw data:

The tests we used in this work were not sensitive to the fact that the 
reduced sequence is ordered or not. We have therefore used (3.14) 
indifferently ordered or not to apply the distribution matching tests. 
We, therefore, have used (3.14) indifferently ordered or not to carry 
out the conformity tests of the distributions. 
Results
Simulations
The principle stated in Materials and Methods involves identifying a 
statistical sample with a uniform distribution. These identification 
tests are fairly standard, and the methods are numerous (Lemeshko 
et al. (2016)). Nevertheless, the size of the sample (including the 
quantity of data) is a rather critical parameter (Bland (2008), DasGupta 
and Mukhopadhyay (1991)) and some of the most used tests are 
inapplicable to small samples (as for the χ²-fit test (Genin (2015)). 
The literature data we have used belong to this category where 
the number of datapoints varies from 4 to a few tens, and where 
theoretical numbers are less than 5.
It seemed useful to determine whether the set of uniformity tests 
proposed by Melnik and Pusev (2015) applied well to small statistical 
samples. To do this, we worked in the R language and used the runif 
() function to generate small series (samples) of random variables (10 
<N <100).
We submitted each series to the nine tests proposed by the authors. 
The 9 tests have therefore used the same random sequence of data 
uniformly distributed between 0 and 1. The Monte- Carlo method was 
used to calculate the value of p (p-value) and was used to validate the 
null hypothesis, H0, with H0 = true if the random sequence is a suitably 
uniform distribution. The Monte Carlo method has the advantage 
of applying to each of the uniformity tests, but the disadvantage of 
not providing exactly reproducible values (Thisted (1991), Robert and 
Casella (2010)). However, the variance of p is very small from one 
replicate to another, as shown in Table 4.
Table 3 shows the result obtained for all nine uniformity tests using a 
single replicate per test.(3.10)

(3.9)

(3.8)

(3.1)

(3.3a)

(3.3b)

 3. var 
 3. var 

(3.4)
(3.5)

(3.6)

(3.7)

(3.11)

(3.12)

(3.13)

(3.14)

and
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Uniformity 
test name

Dudewicz-van der Meulen Frosini

Sample size N 10 14 20 10 14 20

Replicate # 5 6 3 3 6 3

Mean p-value 0.8127 0.8318 0.3487 0.1125 0.4873 0.80833

p-val. variance 9.3 10-3 1.10-4 6.5 10-3 4.71 10-3 7.10-5 1.65 10-3

Table 4: Best uniformity test p-values for sample size ≤ 20

Uniformity test name Sample 
size N = 14 N = 20 N = 30 N = 100

Dudewicz-van der Meulen 0.8315 0.3335 0.5275 0.8685

Frosini 0.4785 0.8195 0.6745 0.6275

Hegazy-Green (p=1) 0.4180 0.8900 0.6745 0.6305

Hegazy-Green (p=2) 0.3895 0.8965 0.6845 0.6250

Kolmogorov-Smirnov (k=0) 0.2120 0.5600 0.8490 0.2265

Kolmogorov-Smirnov (k=1) 0.3900 0.3300 0.6440 0.4680

Kuiper 0.1375 0.3645 0.6280 0.1950

Neyman (k=5) 0.1280 0.8795 0.1320 0.9625

Neyman (k=6) 0.1475 0.8385 0.1815 0.9135

Greenwood-Quensberry-Miller 0.2120 0.6015 0.1065 0.4805

Sarkadi-Kosik <2.2 10-16 <2.2 10-16 <2.2 10-16 <2.2 10-16

Sherman 0.1105 0.5395 0.2720 0.1570

Table 3: Uniformity test p-values vs sample size (one replicate)

We selected the first two tests of Table 3 as being the most suitable for 
the evaluation of our experimental data, namely the test of Dudewicz-
van der Meulen (van der Meulen (1981)) and Frosini (Frosini (1987)). 
Comment concerning the other tests is beyond the scope of this work 

(including for outliers the Sarkadi-Kosik test).
We then simulated uniformity tests with statistical sample sizes even 
closer to our study, this time using several replicates per test. The 
results appear in Table 4 and Figure 1.

Figure 1. Best uniformity tests comparison.
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The simulation shows that the Dudewicz-van der Meulen uniformity test is superior for "very" small sample sizes (N <20) and that both tests 
apply validly for N > 30.

Results of uniformity tests application.

RO80 (16) RO83 (19) FC15 (12) SL99 (5) WO99 (43)
H O N H O N H O N H O N H O N

EXPERIMENTAL
min 1.51 0.43 0.10 1.57 0.46 0.14 1.69 0.37 0.19 1.63 0.41 0.09 2.14 0.27 9.3E-3

max 2.00 0.56 0.25 2.15 0.74 0.20 1.75 0.58 0.24 1.71 0.54 0.21 14.16 6.52 0.27

mean 1.785 0.50 0.20 1.84 0.57 0.17 1.72 0.45 0.22 1.66 0.46 0.14 8.37 3.64 0.179

var 1.2 E-2 0.46 1.5E-3 1.9E-2 5E-3 3E-4 5E-4 3E-3 2E-4 9E-4 1E-4 2E-3 11.56 2.89 4E-3

St err 0.108 8.8E-2 3.9E-2 3.2E-2 1.7E-2 3.6E-3 6.7E-3 1.6E-2 0.5E-3 ND ND ND 0.53 0.27 0.01

THEORETICAL

mean 1.755 0.50 0.18 1.86 0.60 0.17 1.72 0.48 0.22 1.67 0.48 0.15 8.15 3.40 0.134

var 2E-2 1.4E-3 1.9E-3 2.8E-2 7E-3 3E-4 3E-4 3E-3 2E-4 5E-4 1E-3 1E-3 12.03 3.26 5E-3

Normality test: SHAPIRO-WILK

p <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 ND ND ND <0.05 <0.05 <0.05

HO1 F F F F F F F F F ND ND ND F F F

Rank sum test: MANN-WHITNEY

median 1.810 0.51 0.20 1.85 0.56 0.17 1.72 0.43 0.23 ND ND ND 8.56 3.72 0.19

HO2 F F F F F F F F F ND ND ND F F F

Uniformity test: DUDEWICZ-van der MEULEN

H 0.664 0.355 0.605 0.606 0.552 0.549 0.256 0.647 0.590 ND ND ND 0.479 0.498 0.637

p-val 0.323 0.988 0.449 0.410 0.586 0.612 1.000 0.498 0.614 ND ND ND 0.667 0.557 0.053

HOa T T T T T T T T T - - - T T T

Uniformity test: FROSINI

B 0.499 0.338 0.632 0.382 0.518 0.288 0.361 0.450 0.659 ND ND ND 0.197 0.274 1.034

p-val 0.091 0.338 0.028 0.238 0.076 0.479 0.280 0.156 0.020 ND ND ND 0.807 0.509 0.025

HOb T T ? T T T T T ? - - - T T ?

Table 5: Main statistical values for the five cases

Table 5 shows the overall statistical results of the analysis of the 
experimental series. The first line contains the five cases studied, as 
defined in Materials and Methods. The number in brackets indicates 
the size, N, of the sample.
Each pseudo-molecule having one (1) mole of C, we have only to 
consider the elements H, O, N (second row) for each case.
The "EXPERIMENTAL" rubric relates to the results obtained directly on 
the raw data of the values defined in each case. min and max are the 

minimum and maximum values of the indices; their mean, variance, 
and standard error are given by mean, var, and St err. These values 
were obtained via EXCEL and/or SIGMASTAT, and generally checked by 
homemade programs written in QuickBasic 4.5. The "THEORETICAL" 
section shows the result of the theoretical calculations of the mean 
and variance of a uniform distribution (see Materials and Methods, Eq. 
(3.1) and (3.3a)). This result is useful for comparison with experimental 
values, and the value of the median.
We tested the Shapiro-Wilk normality test

and found it to be false in all the cases studied according to the 
algorithm of SIGMAPLOT/SPSS (descriptive statistics). We have 
always had H01 = False for the null hypothesis 1: "the distribution of 
the indices is normal." The same is true for the Mann- Whitney rank-
sum test (Surhone et al. (2010), Sheskin (2007)), which is less sensitive 
and better adapted here than the Student's t-test as a comparison 
test. In all cases, the hypothesis H02 = False for the null hypothesis 2 

"the difference in the median values between the two groups is not 
significant and may be due to random sampling variability."
 We concluded from this analysis that the normal distribution of 
samples was most likely to be rejected.
The following two tests were carried out from the "uniftest" R-Package 
(version 1.1) of Melnik and Pusev (2015), using the Dudewicz and van 
der Meulen (1981) test: 
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and the Frosini (1987) test:

According to our preliminary analysis, these are the two best tests for 
samples of this size. For the null hypotheses "the values of the indices 
are sampled starting from a uniform distribution" the test of Dudewicz 
- van der Meulen is true and H0a = T; the Frosini test gives three 
dubious values out of twelve (in other words, H0b = T, three times 
out of four). We considered that these few values did not constitute 
a sufficient and unavoidable rejection criterion for the null hypothesis, 
given the difficulties of interpretation of p-values (Amrhein, Greenland, 
McShane (2019), Vyas D., Balakrishnan A., Vyas A. (2015), Dorey (2010), 
Gibbons and Pratt (1975), Millot (2018).

Given the results shown in Table 5, we concluded that the null 
hypothesis of index belonging to a uniform distribution was "more 
than likely" true. (The absence of complete tests for SL99, consisting 
of only five values, does not invalidate our conclusion; despite the 
absence of rigorous analysis by the method of moments, the simple 
comparison of experimental and theoretical means supports the idea 
that this case is comparable to others.) We thus validated the fact 
that the distribution of the indices of identical elements among the 
pseudo-molecules studied is well randomized. Table 6, below, shows 
the unweighted average values of all index values presented in a 
pseudo-molecular form.

CASES Pseudo-molecular formula
RAW CORRECTED

RO80 CH1.79O0.50N0.20

RO83 CH1.84O0.57N0.17

FC15 CH1.72O0.45N0.22

SL99 CH1.67O0.46N0.14

WO99 CH8.4O3.6N0.17 CH1.70O0.48N0.17

Table 6. Average values and wet to dry weight correction of pseudo-molecular forms.

The first four raw results showed a strong similarity to the index values, 
and thus a good consistency of the pseudo-molecular formulas. CASE 
WO99, however, shows singularly higher values for hydrogen and 
carbon. The article by Woodard and White (1986) makes it clear that 
the elementary percentages of tissues correspond to the wet weights 
of the tissues, while in the other cases, dry weights are available.
If a mixed calculation based on a humidity level of 70 to 75% is allowed, 
a pseudo-molecular value of CH1.70O0.48N0.17 is obtained, which 
is quite comparable to the other values. Materials and Methods 
presented the principle of the calculation; a more precise description 
of this calculation appears in Annex 2.
Using all of the corrected average values of Table 6 without weighting, 
we propose the following values (mean index ± standard deviation) 
for the indices studied here through data from the literature: 
C = 1.00 ±0.00 ; H =1.74 ± 0.06; O = 0.49 ± 0.04 ;N = 0.18 ±0.03
Discussion
In the past, I used the elemental composition of Saccharomyces 
cerevisiae to test a mathematical model describing the Crabtree 
effect (Thierie (2004, 2016)) in continuous culture in a chemostat. The 
complete reaction was as follows:
C6 H12O6 +V1O2 + 0.15NH3         V2CH1.79O0.57 N0.15 +V3C2 H6O+ V4 FCO2 +V5 
H2O

The value of CH1.79O0.57N was that provided by Rieger et al. (1983) 
(from Herbert (1975))  and remained constant throughout the respiro-
fermentative transition, while the stoichiometric coefficient, i , varied 
with the dilution rate (the growth rate). In particular, the production 
of ethanol and fermentative carbon dioxide ceased to be nil beyond a 
critical value (
V3 ,V4F  ≠ 0; D > Dcrit ).
The fit between the model and the experimental results was excellent, 
and the validation of  the model depended largely on the elemental 
composition of the yeast. This result confirmed the validity of the 
constancy of the pseudo-molar composition of the animal cells, even 
during a change in intense metabolic switching such as that of the 
transition from oxidative respiration to fermentation with production 
of a secondary metabolite (ethanol, in this case). Nevertheless, in the 
analysis of human tissues by Woodard and White (1986), we had to 
eliminate some "tissues" to obtain results consistent with previous 
results. This statement, of course, deserves examination. CASE 
WO99 (see Materials and Methods) contains 52 objects, of which we 
eliminated the following nine (the numbering is that of the original 
article of Woodard and White):
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# Tissue characteristic
1, 2, 3 Inhomogeneous vacuolar cells (lipids)

7 Liquid tissue

9 Liquid (approx. mol. formula: H2O)

13 Non-cellular tissue

14 Liquid (secretion)

23 Unusual value (showing organ heterogeneity?)

50 Liquid (excretion)

52 Mix

Table 7. Characteristics of eliminated data.

1     Adipose tissue 1
2     Adipose tissue 2
3     Adipose tissue 3
9     Brain – Cerebrospinal fluid
7      Blood—plasma
13    Eye lens
14     Gallbladder—bile

23     Kidney 3
50    Urinary bladder— urine
52     Urinary bladder—filled
These elements correspond to "atypical tissues" in some way, either 
because of intrinsic inhomogeneity of the cells, or because it is more a 
secretion or a liquid, or even a mixture than a tissue strictly speaking.

With the exception, perhaps, of # 23 (one out of 52 objects: about 2%), 
an examination of the table above shows that the pseudo-molecular 
representation of tissues is compatible and comparable with other 
categories of living beings previously considered (eukaryotic and 
prokaryotic microorganisms) provided that only uniform tissues 
formed of homogeneous cells are considered. We assume that this 
notion of pseudo-molecules does not apply coherently to multi-tissue 
organisms for reasons of global inhomogeneity (for example, in the 
presence of a skeleton or an exoskeleton, etc.). We consider that 
this notion of constant pseudo-molecularity is essentially a cellular 
characteristic. Although this requires confirmation, and despite its 
variability (Mango DA, Soudais Y., Lemont F. (2009)), we hypothesize 
that higher plant cells are not directly adapted to a constant pseudo-
molecular characterization without particular precautions, mainly 
because of the cellulosic skeleton.
More generally, "pseudo-molecular" is formerly a term of mass 
spectroscopy, now  disapproved by IUPAC (International Union of 
Pure and Applied Chemistry), but it is not in this sense that we use it 
here. According to Thims (2008) in "The human molecule.” a molecular 
formula gives the type and number of atoms present in a compound; 
the empirical formula provides the respective quantities of atoms; 
the structural formula gives, in addition, the arrangement of atoms 
in space. However, in accordance with Thims, the term "formula" 
applied to living forms implies the introduction of a "fluxing dynamic 
turnover". We cannot accept this characteristic for a molecule. From 
our point of view, a molecule is an atomic structure at equilibrium and 
does not require any exchange of energy with the outside world to 

maintain itself. A living structure, in contrast, is an open and dissipative 
system. This is why we believe that "pseudo-molecular" is more 
appropriate than "molecular" when it comes to living systems.
From a philosophical point of view, the reduction of the living to a 
(pseudo-) molecular structure may seem problematic. In this work, 
we considered that it is simply possible to represent any macroscopic 
material structure, living or not, by its elementary composition. We do 
not envisage any metaphysical significance of this calculation.
This pseudo-molecular formulation can be important, both from a 
practical point of view (in biotechnology, environmental sciences 
(Sterner and Elser (2002)), thermodynamics and from a theoretical 
point of view (mathematical modeling (Thierie (2004, 2016 )), theory 
of evolution (Gladyshev (1997), Thims (2008)), Williams and Fraústo da 
Silva (1997) or biological systems (Kooijman (2000)).
The partially limited aspect of this article lies in the lack of validation 
from the point of view of higher plant cells, and the restriction of the 
study to the four main elements (C, H, O, N), which represent more 
than 95% of the total dry mass of living beings. However, the absence 
of other elements and especially trace elements is not critical for any 
study essentially involving global weight.
Nevertheless, we advocate for refinement of these results by more 
modern elementary  analysis, in equivalent laboratories, and with 
results including error measurements and which would at least include 
P and S (especially for environmental reasons). We would also promote 
the examination of problematic cells of higher plants by specialized 
botanical laboratories
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ANNEX 1. - Determination of min and max by the method of 
moments.

For a uniform distribution, the average is located in the middle of the 
interval [min, max]. This yields the following two relationships:

max = moy + C                                                                                                                                        (A1.1)

min = moy − C                                                                                                                                   (A1.2)

The moments of order 1 and 2 (mean and variance) are respectively given by

mov = min + max                                                                                                                             (A1.3a)                                                                                                                                         
                2
var = (min−max)2                                                                                                                                       (A1.3b)
               12

By developing

mov2 =  max2 + min 2 + 2 min . max                                                                                           (A1.4a)
                                 4    
var = max2 + min2  − 2 min.max                                                                                                   (A1.4b)
                                12

4.moy = max2  + min2 + 2.min.max                                                                                                      (A1.5a)

12.var = max2 + min2 − 2.min.max                                                                                                        (A1.5b)

(A1.5a) - (A1.5b), yields

4.moy² −12. var = 4.min .max

moy² =3. var⁺ min. max                                                                                                                     (A1.6)

Using (A1.1) and replacing min by its value in (A1.6), yields

moy² =3. var⁺max .(2.moy− max)                                                                                                    (A1.7)

By developing and rearranging, we obtain

max ² − 2.moy.max+ moy² −3. var = 0

to which the solutions are

and by simplifying,

 3. var 

since max > moy

and

or

max= moy±

max = moy +  3. var (A1.8a)

(A1.8b)

The verification is easy to carry out. 
Note: The unbiased forms of (A1.8a) and (A1.8b) are respectively

So, following (A1.1), we have C =  3. var 

and therefore

max = moy –  3. var 
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where N is the number of values (Dagnelie (1973))

ANNEX 2. 
Sample correction of wet weight into dry weight.
If the experimental data do not specify this characteristic, a C/N ratio 
of the same order of magnitude to others’ dry weight data with a very 
different H/O ratio suggests that the experimental data is expressed 
in wet weight.
The correction concerns H2O only and acts systematically on 2 H and 1 
O or a multiple of those. Two methods are possible to reduce the data 
to dry weight.
The water content is known or estimable.
Imagine a mass of water that represents 70% (0.7) of the total mass. 
Expressed in molar terms (where x is the number of moles of H2O), 
we have
                                                   x ×18 = 0.7 ×80.4                                                   (A2.1)
where 18 and 80.4 are the molar masses of water and wet pseudo-
molecules, respectively (in u.m.a),
yielding

                                                                                         
moles of water, which must be subtracted from the wet formula

                                         CH(8.4−2×3.35)O(3.6−3.35)N0.17                                                                      (A2.3)

Based on Table 6, this provides a "good" value for hydrogen (1.70), but 
somewhat low value for oxygen (0.25).
By proceeding in the same way with a 75% water content, provided a 
"good" value for oxygen (0.48) but a slightly high value for hydrogen 
(2.26).
Since we are working on a few tens (forty or so) of tissues with varying 
degrees of humidity, we can admit that our data give the "good" 
results for given humidity levels, here between 70 and 75%, which are 
perfectly realistic physiologically. Woodard and White's paper allows 
us to calculate the average experimental moisture content of 70.4%, 
which corresponds well to our approximations.
There are sufficient data to calculate a reliable average dry weight.
We can then proceed by "adjusting" the wet value to the average of 
dry weight values of the other dry samples:

where WW = wet weight and DW = dry weight. We obtain x =3.32 and
 y = 3.11, just a little more than 3 moles of water. This result is perfectly 
compatible with that obtained previously. Although the exact 
methodology would have required a calculation of each pseudo-
molecule in dry weight beforehand, the posterior computation, much 
faster, provides a very good approximation of the tissues pseudo-
molecular form and we estimate that the majority of the “regular” 
cells can be represented by very similar pseudo-molecular values 
(almost identical for every cell type).
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