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Abstract: Oxygen exists in two gaseous and six solid allotropic modifications. An additional allotropic 
modification of oxygen, the cyclooctaoxygen, was predicted to exist in 1990. The first synthesis and 
characterization of cyclooctaoxygen as its sodium crown complex, isolated in the form of three cytosine 
nucleoside hydrochloride complexes, was reported in 2016. Cyclooctaoxygen sodium was synthesized 
from atmospheric oxygen, or catalase effect-generated oxygen, under catalysis of cytosine nucleosides 
and either ninhydrin or eukaryotic low-molecular weight RNA. The cationic cyclooctaoxygen sodium 
complex was shown to bind RNA and DNA, to associate with single-stranded DNA and spermine 
phosphate, and to be essentially non-toxic to cultured mammalian cells at 0.1–1.0 mM concentration. We 
postulated that cyclooctaoxygen is formed in most eukaryotic cells from dihydrogen peroxide in a 
catalase reaction catalysed by cytidine and RNA. A molecular biological model was deduced for a first 
epigenetic shell of eukaryotic euchromatin. This model incorporates an epigenetic explanation for the 
interactions of the essential micronutrient selenium (as selenite) with eukaryotic euchromatin. The 
sperminium phosphate/cyclooctaoxygen sodium complex is calculated to cover the actively transcribed 
regions (2.6%) of bovine lymphocyte interphase genome. Cyclooctaoxygen seems to be naturally absent 
in hypoxia-induced highly condensed chromatin, taken as a model for eukaryotic 
metaphase/anaphase/early telophase mitotic chromatin. We hence propose that the cyclooctaoxygen 
sodium-bridged spermine phosphate and selenite coverage serves as an epigenetic shell of actively 
transcribed gene regions in eukaryotic ‘open’ euchromatin DNA. The total herbicide glyphosate 
(ROUNDUP) and its metabolite (aminomethyl)phosphonic acid (AMPA) are proved to represent 
‘epigenetic poisons’, since they both selectively destroy the cyclooctaoxygen sodium complex. This 
definition is of reason, since the destruction of cyclooctaoxygen is sufficient to bring the protection shield 
of human euchromatin into collateral epigenetic collapse. 
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1. Introduction 

In 1677 Antoni van Leeuwenhoek discovered [1] the characteristic crystals of spermine phosphate 
(spermine × 2 H3PO4 × 6 H2O) [2] in matured native human semen (Figure 1). Since then, there was 
collected conclusive evidence that human chromosomal DNA is closely associated with spermine 
phosphate [2]. The interaction of oxygen species with DNA has until recently only being focused on 
oxidative DNA damage and its pathophysiological consequences [3]. In 2015 Kirmes et al. reported an 
unprecedented interaction of eukaryotic chromatin DNA structure with atmospheric oxygen partial 
pressure [4]. Under switching to hypoxic conditions (1% O2, 5% CO2, 94% N2) the murine cardiomyocyte 
HL-1 cell chromatin rendered itself highly condensed, accompanied by redistribution of the polyamine 
pool (mainly spermine and spermidine) to the nucleus [4]. In 2016 Kesel et al. showed [5] that eukaryotic 
single-stranded DNA (ssDNA) binds a new allotropic form of oxygen, the cyclooctaoxygen (cyclo-O8) 
(Figure 2A), in form of its sodium (Na+) complex (cyclo-O8-Na+) (Figure 2B), especially when in 
coordination to spermine phosphate (sperminium phosphate) [5]. A model for a logically resulting first 
epigenetic shell of eukaryotic DNA in vivo was proposed (Figure 3) [5]. Also a partial substitution of the 
sperminium (C10H30N44+)-bound monohydrogen phosphate (HPO42–) anions by hydrogen selenite (HSeO3–

) anions was postulated during these investigations [5], thereby providing an explanation for the well-
known, but ‘mysterious’ [6], augmenting effects of the essential micronutrient selenium on eukaryotic 
genome integrity and chromosomal DNA stability [6,7]. 

 

2. Results 

2.1. Cyclooctaoxygen 

The chemical element oxygen exists in eight well-characterized allotropic modifications, 
dioxygen (O2), ozone (O3), and the solid -, -, -, -, - and -oxygen phases [8]. The -, - and 
-phases exist at ambient pressure and low temperature [5,8,9]. At ambient temperature under pressure 
of 5.4 GPa oxygen solidifies into the -phase, then at 9.6 GPa into the orthorhombic ‘orange’ -phase, 
and, successively, at 10 GPa into the monoclinic ‘dark red’ -phase. Above 96 GPa -oxygen is 
transformed into the metallic -phase which exhibits superconductivity [5,8,9]. The ‘red’ -phase 
revealed the structure of two combined tetroxetane (cyclo-O4) rings, giving rise to rhombohedral O8 
clusters [9]. In 1990 a ninth allotropic modification of oxygen was theoretically predicted [10], the 
cyclooctaoxygen (cyclo-O8, octoxocane) (Figure 2A) [8,10], assumed to exist in analogy to the common 
modification of elemental sulfur, cyclooctasulfur (cyclo-S8, octathiocane) [10]. Our group reported [5] the 
(biomimetic) synthesis, isolation, chemical characterization, biochemical and epigenetic significance of 
cyclo-O8 in form of its sodium crown complex, (octoxocane-4O1,O3,O5,O7)sodium(1+) or cyclo-O8-Na+ 
(Figure 2B) [5]. 

 

2.2. The Isolation of Two Cyclooctaoxygen Complexes NC and dNC 

In an endeavor to gain new antiviral substances, the reported reaction [11] of the RNA nucleoside 
cytidine with ninhydrin on reflux was re-examined. Instead of cytidine, cytidine hydrochloride (cytidine 
× HCl) was utilized. The reported reaction [11] did not proceed, instead a crystalline material NC could 
be isolated which gave not the elemental analysis of cytidine × HCl. It could be substantiated that NC 
contained an inert material not being salt (NaCl), since the Fourier transform infrared (FT–IR) spectrum of 
NC differed from that of cytidine × HCl. According to elemental analysis this inert material could account 
for one O2 and a quarter of NaCl pro one cytidine × HCl. In consequence, the formula was multiplied 
fourfold and this resulted in an oxygen 8-ring, cyclo-O8 (Figure 2A), coordinated to one Na+ (Figure 2B). 
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The interpretation of the electrospray ionization mass spectrometry (ESI–MS) spectrum of NC actually 
proved  the inclusion of cyclo-O8-Na+ in NC. Since in the proton nuclear magnetic resonance (1H-NMR) 
spectrum of NC, in comparison to the 1H-NMR reference spectrum of cytidine × HCl, the differentially 
affected resonances were the 4-NH2, the 3-NH+, and the H-5 protons of the protonated cytidine, it was 
assumed [5] that the points of coordination between cyclo-O8-Na+ and cytidine × HCl are the two 4-NH2 
hydrogens and one non-Na+-coordinated (free) oxygen of cyclo-O8-Na+. Consequently, a formula for NC 
was elaborated: cytidine hydrochloride – aqua(chloro)(octoxocane-4O1,O3,O5,O7)sodium (4:1) (Figure 
4A) [5]. 

The new ninhydrin reaction was in turn applied on 2’-deoxycytidine hydrochloride (2’-
deoxycytidine × HCl). A crystalline material dNC could be isolated which gave not the elemental analysis 
of 2’-deoxycytidine × HCl. The FT–IR spectrum of dNC differed from that of 2’-deoxycytidine × HCl. The 
interpretation of the ESI–MS spectrum of dNC proved  the inclusion of cyclo-O8-Na+ in dNC. In analogy 
to NC, supported by 1H-NMR spectroscopy of dNC, a formula for dNC could be constructed: 2’-
deoxycytidine hydrochloride – aqua(chloro)(octoxocane-4O1,O3,O5,O7)sodium (2:1) (Figure 4B) [5]. 

 

2.3. Catalase Assay of NC and Candida utilis RNA – Biomimetic Synthesis of RC – Structure Proof for 
Cyclooctaoxygen 

It was questioned if cyclo-O8-Na+ could be produced in biomimetic reactions, and it was 
considered that in the two ninhydrin reactions atmospheric oxygen was the source of the oxygen atoms 
in cyclo-O8. Our interest concentrated on oxygen formation by possible catalase effects under 
physiological conditions. The catalase effect is the disproportionation of dihydrogen peroxide (H2O2) into 
oxygen and water: 2 H2O2 → O2 + 2 H2O. As a catalyst RNA was selected, since RNA can exhibit 
enzymatic (ribozyme) activities in vivo [12,13]. The selected eukaryotic RNA was Candida utilis anamorph 
yeast low-molecular weight RNA. This RNA consists of transfer RNAs (tRNAs) and the C. utilis 5S 
ribosomal RNA (rRNA) [5]. As a result it was discovered that NC catalysed oxygen formation from H2O2 
(catalase effect) weakly in presence of NaHCO3, and strongly in presence of both C. utilis RNA and 
NaHCO3 [5]. Interestingly, NC could be fully substituted by cytidine × HCl. Multiple controls assured 
that oxygen neither was produced spontaneously, nor from any other relevant combination of the 
utilized reagents. Taken together, the nucleoside cytidine, not cyclo-O8-Na+, was responsible for the 
catalase activity expressed in presence of H2O2 and C. utilis RNA under biomimetic conditions. It was 
decided to exactly scale-up (21-fold) the catalase assay protocol starting with cytidine × HCl and C. utilis 
RNA to detect any cyclo-O8-Na+ formation under biomimetic conditions. From this preparation a cyclo-
O8-Na+-containing crystalline material RC could be isolated which gave not the elemental analysis of 
cytidine × HCl. If the C. utilis RNA was omitted, no product RC could be isolated, only cytidine × HCl. 
Based on 1H-NMR spectroscopy and FT–IR spectroscopy of RC, a formula for RC could be constructed: 
cytidine hydrochloride – -chloro(-hydroxy)bis(octoxocane-4O1,O3,O5,O7)disodium (1:2) (Figure 4C) 
[5]. 

Final structure proof for the existence of cyclo-O8 was obtained from the ESI–MS of RC (Figure 5). 
Cluster cations of heptoxazocan-8-ium – octoxocane – Na35Cl (1:2:m) (m = 0–6) were observed, together 
with characteristic +2 isotope peaks resulting from substitution of one 37Cl for 35Cl (m = 1–6), and together 
with –2 peaks of heptoxazocan-8-iumyl – octoxocane (1:2) cluster radical cations (m = 0–6) (Figure 5). 
Clusters of [(cytidine)2 + Na + (NaCl)n]+ (n = 0–5) were also observed (Figure 5). Structure proving was the 
missing of a +2 peak for m = 0 (Figure 5, inset), indicating that any NaCl is absent in this radical cation m/z 
383.9907. The nitrogen insertion into cyclo-O8 to give heptoxazocane (HNO7) resulted from mass 
spectrometric generation of ammonia NH3 from cytidine (O8 + NH3 → HNO7 + H2O). 
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2.4. Binding of NC to Candida utilis RNA 

In view of the biomimetic generation of the cyclo-O8-Na+-containing coordination complex RC, 
the question arose if cyclo-O8-Na+ could bind to nucleic acids, because of the mere electrostatic attraction 
of the cyclo-O8-Na+ cation towards the negatively charged phosphate backbone of RNA and DNA. For 
this purpose thin-layer chromatographic mobility shift assays [14] were applied on specific nucleic acids 
and the cyclo-O8-Na+ contained in NC. Firstly, the affinity of the cyclo-O8-Na+ towards C. utilis low-
molecular weight RNA was investigated [5]. It was found that the cyclo-O8-Na+ contained in NC retained 
the chromatographic shift of C. utilis 5S rRNA, but not the chromatographic shift of C. utilis tRNAs. 
Interestingly, since work conditions were not human skin ribonuclease (RNase)-free, the RNase A 
digestion products of C. utilis 5S rRNA were separated chromatographically [5]. These dinucleotide 2’,3’-
cyclic phosphates (products of RNase A digestion) result from human skin RNase 7-mediated digestion 
of C. utilis 5S rRNA [5]. The structures of these dinucleotides can be deduced, since RNase 7 belongs to 
the RNase A superfamily [5]. The cyclo-O8-Na+ contained in NC bound strongly to these dinucleotide 
2’,3’-cyclic phosphates, since their chromatographic shifts were significantly retarded. Controls were 
included to differentiate the sole binding of cytidine × HCl to the RNA targets by Watson–Crick base 
pairing [15] from the indicative cyclo-O8-Na+ plus cytidine × HCl binding to the RNA targets. 

 

2.5. Binding of NC to Salmon Testes Single-Stranded DNA and Spermine Phosphate 

Accordingly, the affinity of the cyclo-O8-Na+ contained in NC towards salmon testes single-
stranded deoxyribonucleic acid [ssDNA, generated by sonication of salmon genomic double-stranded 
DNA (dsDNA); extracted after sonication by phenol–chloroform method and precipitated with ethanol; 
the sonication shears the genomic dsDNA to produce ssDNA fragments in the range of 587 to 831 bp] 
was investigated (Figure 6) [5]. It was found that the cyclo-O8-Na+ contained in NC retained the 
chromatographic shift of cytidine × HCl complexed to ssDNA (Figure 6). As control served cytidine × HCl 
complexed to ssDNA. The affinity of the cyclo-O8-Na+ contained in NC towards salmon testes ssDNA in 
absence and presence of spermine × 1 ⅓ (sodium dihydrogen phosphate) × 9 H2O was investigated [5]. It 
was found that the spermine × 1 ⅓ (sodium dihydrogen phosphate) × 9 H2O changed the 
chromatographic shift of the cytidine × HCl in NC-complexed ssDNA. As controls served cytidine × HCl 
complexed to ssDNA in absence and presence of cyclo-O8-Na+, and cytidine × HCl complexed to ssDNA 
in presence of spermine × 1 ⅓ (sodium dihydrogen phosphate) × 9 H2O [5]. Taken together, cyclo-O8-Na+ 
contained in NC had the ability to bind to RNA dinucleotide 2’,3’-cyclic phosphates, eukaryotic 5S rRNA, 
eukaryotic ssDNA, and to construct a ternary complex with spermine phosphate and eukaryotic ssDNA. 

 

2.6. In Vitro Biological Effects of NC and dNC on Cultured Mammalian Cells 

The in vitro biological effects of NC and dNC on the growth of cultured cells, freshly explanted 
human primary (human peripheral blood mononuclear cells, PBM cells), immortalized T-lymphoblastic 
(CCRF–CEM) and monkey kidney normal epithelial (Vero), were investigated [5]. NC and dNC were 
non-toxic to PBM cells, but stimulated the growth of CCRF–CEM cells. This pointed to a catalase effect 
exerted by NC and dNC, since CCRF–CEM cells are extremely sensitive to H2O2 [5], and scavenging of 
H2O2 by ‘catalase factors’ is CCRF–CEM cell growth rate-limiting [5]. Since NC was more active as a 
growth stimulant for CCRF–CEM cells than dNC, the responsible ‘catalase factors’ should be the 
nucleoside hydrochlorides, not the equimolar cyclo-O8-Na+-content in NC and dNC. NC and dNC 
exhibited no significant in vitro antiviral activities against the retro-transcribing human immunodeficiency 
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type 1 and hepatitis B viruses (HIV-1 strain LAI and HBV subtype ayw) [5]. NC showed no significant in 
vitro inhibiting activity versus the replication of influenza A (H1N1 and H5N1) and chikungunya (strain 
S-27) viruses, and no significant in vitro inhibiting activity on Middle East respiratory syndrome (MERS) 
coronavirus (MERS-CoV strain Erasmus Medical Center/2012) replication [5]. In summary, cyclo-O8-Na+ 
is, contrary to expectation, essentially non-toxic to human cells, and cytidine in conjunction with RNA 
acts as a catalyst in producing cyclo-O8-Na+ from ubiquitous [5] H2O2 through a catalase reaction in 
cultured human cells. 

 

2.7. Color Assay for Cyclo-O8-Na+ Contained in RC – Destruction of Cyclo-O8-Na+ by the Glyphosate Metabolite 
(Aminomethyl)phosphonic Acid 

The cyclo-O8-Na+ complex [-chloro(-hydroxy)bis(octoxocane-4O1,O3,O5,O7)disodium] 
contained in RC (4 mol cyclo-O8-Na+ pro mol cytidine × HCl) reacted with potassium iodide and potato 
starch to an intensely colored (reddish violet) [(cyclo-O8-Na+)2(I42–)]–amylose complex [RC + KI + starch 
(5)] (Figure 7) which was destroyed by the glyphosate metabolite (aminomethyl)phosphonic acid 
(AMPA) [RC + KI + starch + AMPA (6)]. The nature of this complex is based on the starch-catalysed 
formation of tetraiodide I42– [(I–I–I–I)2–], which is known to be of ruby red color in crystalline form [16], 
was frequently observed in crystals [17], and was theoretically predicted to exist in solution [18]. The 
tetraiodide I42– is in turn complexed to cyclo-O8-Na+ and inserted into the amylose helix (Figure 8A and 
8B). Multiple controls excluded that the [(cyclo-O8-Na+)2(I42–)]–amylose complex is formed (i) in blanks [KI 
(1), and KI + starch (2)], (ii) without starch [RC + KI (3)], and (iii) from AMPA and RC + KI [RC + KI + 
AMPA (4)] (Figure 7). That the reddish violet complex involved triiodide I3– [(I–I–I)–] or pentaiodide I5– 
[(I–I–I–I–I)–] anions could be excluded by the observed color. Triiodide I3– is deep brown [19] and 
pentaiodide I5– is deep blue in color [20]. Pentaiodide I5– is also deep blue in the well-known complex with 
starch [21]. Furthermore, the [(cyclo-O8-Na+)2(I42–)]–amylose complex was (i) reduced (decolorized) by L-
ascorbic acid (vitamin C), and (ii) the residual color after AMPA-catalysed destruction of cyclo-O8 was 
pale pink (rosé) in color, not intense blue. This proved that (i) the reddish violet complex contained 
reducible iodine units, and (ii) did not contain the reducible iodine units as triiodide, pentaiodide and/or 
other higher polyiodides [22]. Without starch no [(cyclo-O8-Na+)2(I42–)] and/or iodine was formed, as was 
proved by deuterated chloroform (CDCl3) extraction of the incubated RC + KI (3) and RC + KI + AMPA 
(4) solutions (Figure 7). Therefore, the iodine in tetraiodide I42– must have being formed by starch 
catalysis. 

A logically deduced catalytic ‘rolling-circle’ mechanism for the AMPA-catalysed degradation of 
cyclo-O8 is hence proposed (Figure 8C). AMPA exhibits three acid dissociation constants:  pKa1 = 0.9 
(phosphonic acid, 1st), pKa2 = 5.6 (phosphonic acid, 2nd), pKa3 = 10.2 (primary ammonium R–NH3+) [23]. 
Therefore, AMPA is fully (zwitter)ionized at physiological pH 7.4. One anionic oxygen of the 
phosphonate group binds to the sodium cation in cyclo-O8-Na+, the other anionic phosphonate oxygen 
splits the cycloocytooxygen ring creating a phosphonate-esterified nonaoxidanide which is stabilized by 
ionic binding to the primary ammonium cation of AMPA. The phosphonate-esterified nonaoxidanide 
eliminates four oxygen O2 molecules by a ‘rolling-circle’ cascade, in reversal of the proposed [5] synthesis 
of cyclooctaoxygen, yielding AMPA and Na+. This would be clearly a catalytic mechanism, since AMPA 
is regenerated in the catalytic cycle. Hence AMPA is able to destroy many cyclo-O8-Na+ complexes 
without being consumed itself. 

To exclude that the destruction of cyclo-O8-Na+ by AMPA is an artifact, it was tested if AMPA 
reduces (decolorizes) iodine in near equimolar mixture (Figure 7). In all variations tested, including a 
blank control, AMPA was not oxidized by iodine, and, in turn, did not reduce (decolorize) iodine 
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molecules. Therefore, the AMPA-catalysed destruction of cyclo-O8 was selective, and not a mere 
reduction of the tetraiodide I42– [(I–I–I–I)2–]-contained iodine unit in the [(cyclo-O8-Na+)2(I42–)]–amylose 
complex. 

 

2.8. Color Assay for Cyclo-O8-Na+ Contained in RC – Destruction of Cyclo-O8-Na+ by Glyphosate and 
ROUNDUP® 

The developed color assay was applied onto the free acid of glyphosate and the monosodium salt 
of glyphosate contained in ROUNDUP® GRAN granules. The colored [(cyclo-O8-Na+)2(I42–)]–amylose 
complex [RC + KI + starch (1)] (Figure 9) was destroyed by glyphosate [RC + KI + starch + glyphosate (2)] 
and ROUNDUP® GRAN [RC + KI + starch + glyphosate-Na (3)]. Without starch no [(cyclo-O8-Na+)2(I42–)] 
and/or other color complex was formed, as was proved by the controls RC + KI + glyphosate (4) and RC + 
KI + glyphosate-Na (5) (Figure 9). The RC + KI + starch + glyphosate (2) solution was colored yellow by 
the strong acid glyphosate (Figure 9), through H+ action onto starch producing the characteristic yellow 
dextrins [24]. Glyphosate exhibits four acid dissociation constants:  pKa1 = 0.78 (phosphonic acid, 1st), pKa2 
= 2.29 (carboxylic acid), pKa3 = 5.96 (phosphonic acid, 2nd), pKa4 = 10.98 (primary ammonium R–NH3+) [23]. 
Therefore, glyphosate (free acid) represents a strong acid. 

A logically deduced catalytic ‘rolling-circle’ mechanism for the glyphosate-catalysed degradation 
of cyclo-O8 is hence proposed (Figure 10). One anionic oxygen of the phosphonate group binds to the 
sodium cation in cyclo-O8-Na+, the other anionic phosphonate oxygen splits the cycloocytooxygen ring 
creating a phosphonate-esterified nonaoxidanide which is stabilized by ionic binding to the secondary 
ammonium cation of glyphosate. The phosphonate-esterified nonaoxidanide eliminates four oxygen O2 
molecules by a ‘rolling-circle’ cascade, yielding glyphosate and Na+ in a catalytic mechanism. Glyphosate 
is regenerated in the catalytic cycle. Glyphosate is able to destroy many cyclo-O8-Na+ complexes without 
being consumed itself. 

To exclude that the destruction of cyclo-O8-Na+ by glyphosate is an artifact, it was tested if 
glyphosate, or glyphosate-Na, reduces (decolorizes) iodine in near equimolar mixture (Figure 9). 
Glyphosate was not oxidized by iodine, and, in turn, did not reduce (decolorize) iodine molecules. 
Therefore, the glyphosate-catalysed destruction of cyclo-O8 was selective. To confirm the general nature 
of the color assay, it was extended to the cyclo-O8-Na+ contained in NC (1 mol cyclo-O8-Na+ pro 4 mol 
cytidine × HCl) [5]. The reddish violet [(cyclo-O8-Na+)2(I42–)]–amylose complex was indeed formed from 
NC (Figure 9), but much more slowly (> 10 h) than from RC. 

 

2.9. Enzymatic Investigations with the Glyphosate Metabolite (Aminomethyl)phosphonic Acid 

AMPA was tested for being accepted as an enzymatic substrate for human mitochondrial -
aminobutyric acid transaminase (ABAT) [25], and wild-type human liver peroxisomal alanine:glyoxylate 
aminotransferase (AGT) [26]. Both enzymes were selected because of the chemical analogy between 
AMPA and -alanine/L-alanine. ABAT represents also a -alanine transaminase [25]. Data obtained 
with human AGT indicate that the enzyme is barely able to catalyse the half-transamination of AMPA, 
with a rate of kcat = – 0.0108 ± 0.0009 µM PLP/h/µM AGT consumed, or kcat = – 0.0104 ± 0.0009 µM 
PMP/h/µM AGT formed (Figure 11A), respectively (PLP, pyridoxal 5’-phosphate; PMP, pyridoxamine 5’-
phosphate). This value is approximately 16.2 million-fold lower than that of the physiological 
transamination of L-alanine (human wild-type AGT: kcat = 45 ± 2 s-1; kcat = 162,000 h-1) [26]. 
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3. Discussion 

One reason why the cyclooctaoxygen sodium-bridged spermine phosphate epigenetic shell of in 
vivo DNA was overlooked until now should be its destruction during DNA purification by the classical 
phenol extraction method of Schuster, Schramm & Zillig [5]. This original phenol extraction, although 
variously modified for nowadays use [27], consistently precipitates the spermine as sperminediium 
(terminal NH3+) di(phenolate) at pH 7.9–8.0 [27], since the pKa value of phenol is 9.97 [potentiometric 
titration in H2O, 25 °C, ionic strength (NaCl) 0.1] [28], and the four pKa values of spermine are: pKa1 = 
10.86 (terminal [29] NH3+), pKa2 = 10.05 (terminal NH3+), pKa3 = 8.82 (inner [29] NH2+), pKa4 = 7.95 (inner 
NH2+) [potentiometric titration in H2O, 25 °C, ionic strength (NaCl) 0.1] [30]. The cyclo-O8-Na+ could react 
with alkaline (pH 7.9–8.0) buffered phenol [27] to disodium rhodizonate (C6Na2O6), a known [31] 
oxidation product of p-benzoquinone, which in turn is an oxidation product of phenol [32]. Regardless of 
the chemical details, the commercial salmon sperm DNA (utilized in [5]) and calf thymus DNA 
preparations are devoid of cyclo-O8-Na+ and spermine phosphate complexation, since the methods 
utilized for calf thymus [33] and salmon sperm [34] sodium deoxyribonucleate preparation (treatment 
with sodium dodecyl sulfate [33], high salt (NaCl) treatment [33,34], repeated ethanol precipitation 
[33,34]) certainly remove the cyclooctaoxygen sodium-bridged spermine phosphate epigenetic shell. 

Our findings have important consequences for the epigenetics [35] of eukaryotic in vivo DNA. We 
suggested [5] a model for a first epigenetic shell of in vivo DNA (Figure 3), based on the observed 
complexation of cyclo-O8-Na+ and spermine phosphate to ssDNA. In our model (Figure 3A) the 
phosphate backbone of ssDNA binds one cyclo-O8-Na+ pro three nucleotides, and this binary complex 
binds one spermine monophosphate to form a ternary epigenetic core of DNA. The monohydrogen 
phosphate bridges the cyclo-O8-Na+ with the sperminium cation, and the cyclo-O8-Na+ has an inverted 
alternating orientation (Figure 3A). Interestingly, the sperminium tetracation cannot bind alone to DNA 
in this model, since the distances [d (N1,N4) = 490 pm; d (N4,N9) = 620 pm; d (N1,N12) = 1,600 pm] between 
the four ammonium nitrogens do not fit the intrastrand phosphate–phosphate distance of dsDNA (B-
DNA: dØ = 700 pm [36,37]; A-DNA: dØ = 590–600 pm [37–40]; Z-DNA: dØ = 590 pm (step pCp), dØ = 600 pm 
(step pGp) [40]). Therefore, it is quite remarkable that in our model for the first epigenetic shell of in vivo 
DNA (Figure 3A) a repeating unit is formed from cyclo-O8-Na+ and spermine phosphate that perfectly fits 
both the triplet nature of the genetic code [41] and the repeating distance of the phosphate anion 
backbone of DNA. 

Evidence for the correctness of this model results from the published investigation of spermine 
distribution in bovine lymphocytes [42]. The theoretical intracellular concentration of the sperminium 
phosphate/cyclo-O8-Na+ complex required to cover all triplets of the dsDNA genome in a blood 
lymphocyte of Bos taurus was calculated as 13.81 mM (see Methods 4.2.) [5]. The actual concentration of 
spermine was measured as 1.57 ± 0.12 (mM ± s.d.) [42]. Therefore, the genomic dsDNA coverage of B. 
taurus genome can be calculated as 2.62 ± 0.50 (% ± s.d.) (see Methods 4.2.) [5], since one unit of 
sperminium phosphate/cyclo-O8-Na+ complex is assumed to cover three nucleotides. A good correlation 
was obtained when this value was compared to the proportion of protein-coding exons in B. taurus 
genome which was calculated as 2.58% (see Methods 4.2.). For comparison, the human genome contains 
2.69% protein-coding exons (see Methods 4.6.). This pointed to complete coverage of actively transcribed 
gene regions in B. taurus interphase genome by the sperminium phosphate/cyclo-O8-Na+ complex. Since 
spermine binds more strongly to GC-rich dsDNA (pBR322 plasmid) [42], it can be assumed that the 
sperminium phosphate/cyclo-O8-Na+ complex binds preferentially to epigenetic, non-5-methylated CpG 
island hotspots [5] and is involved in epigenetic gene regulation [5]. 

In view of the important findings of Kirmes et al. [4] we were not aware of in 2015, that an 
interaction of eukaryotic chromatin DNA structure with atmospheric oxygen partial pressure takes place, 
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we have to correct now previous postulations [5]. We concluded that the cyclooctaoxygen sodium-
bridged spermine phosphate epigenetic shell is confined to both interphase relaxed euchromatin and 
mitotic condensed chromatin [5]. Since, under switching to hypoxic conditions eukaryotic cell chromatin 
gets highly condensed [4], accompanied by redistribution of the polyamine pool to the nucleus [4], the 
cyclooctaoxygen sodium-bridged spermine phosphate epigenetic shell can only be restricted to actively 
transcribed gene regions of eukaryotic ‘open’ euchromatin, excluding occupation of condensed 
chromatin. Hypoxia should largely prevent metabolic formation of cyclooctaoxygen. Both under hypoxic 
conditions and in the metaphase of mitosis, where spermine synthesis is highest [43], coincident with an 
extraordinary high condensation grade (15,000–20,000-fold) of metaphase chromatin [44], no or few 
cyclooctaoxygen should be involved in covering the highly condensed chromatin DNA. Here no or few 
discrimination between eu- and heterochromatin is made, and all eukaryotic chromatin DNA is 
complexed with spermine tetracation and spermidine trication (and, at small proportions, with 
putrescine and cadaverine dications). 

This is supported by the published concentration of spermine in the metaphase chromatin of 
eukaryotic HeLa S3 cells [45]. The content of spermine in HeLa S3 cell metaphase chromatin was 
calculated as 135.9 ± 16.1 pmol spermine/82.84 zmol dsDNA, and 116.1 ± 11.8 pmol spermidine/82.84 
zmol dsDNA (see Methods 4.3.) [5,45]. This corresponds to 1.64 × 109 molecules spermine pro one HeLa S3 
cell dsDNA genome, and 1.40 × 109 molecules spermidine pro one HeLa S3 cell dsDNA genome. Since one 
spermine molecule is assumed to cover six base pairs (in the pure spermine form of A-DNA duplex [46] 
and Z-DNA duplex [47]), and one spermidine molecule is assumed to cover six base pairs (in the pure 
spermidine form of Z-DNA duplex [48,49]), this corresponds to a genomic coverage of 50.4% by the 
spermine tetracation, and of 43.0% by the spermidine trication. This accounts for 93.4% polyamine 
occupation of HeLa S3 cell dsDNA highly condensed metaphase chromatin by spermine and spermidine, 
calculated for six base pairs/polyamine unit. As one spermine molecule, in one special occasion, was 
found to cover four base pairs of an unique B-DNA [50], these values could be anticipated as being lower, 
since chromosomal DNA is predominantly in the B-DNA form. 

Indirect control (we must here regretfully correct our postulations stated in [5], concerning this 
calculation) for this in vitro result is the published elemental phosphorus content [w (P) in mmol/kg dry 
weight] in female Mus musculus strain C3H/HeJ cryptal enterocytic mitotic (late anaphase/early 
telophase) chromatin [51]. The obtained in vivo value corresponds to a genomic dsDNA coverage 
(calculated for 6 bp/polyamine) of 102.1% (100% coverage is 5.88 bp/polyamine), and a nuclear RNA 
coverage (calculated for 6 nucleotides/polyamine) of 159.5%, by the spermine tetracation and spermidine 
trication (spermine/spermidine ratio 0.85) (see Methods 4.4.). This strongly points to a function of 
polyamine occupation for nuclear RNA, assuming 100% coverage as 3.76 nucleotides/polyamine 
molecule. These results, both for dsDNA and nuclear RNA [hnRNA with pre-mRNAs, snRNA, snoRNA, 
RNase P, RNase MRP, various ncRNAs (lncRNA) and other nuclear RNAs] [52], are a logic consequence 
of the maximal condensation grade peaking in late anaphase/early telophase mammalian chromatin [53]. 

In summary, this reflects the high mitotic chromatin condensation grade and is confirming the 
results with hypoxia-induced chromatin condensation under coinciding polyamine pool nuclear 
translocation [4]. Interestingly, spermine and spermidine induced B-DNA to Z-DNA transition at 
epigenetic, non-5-methylated CpG island hotspots of prokaryotic plasmid DNA (pBR322 derivative) [54], 
but, in contrast, stabilized and condensed prokaryotic chromosomal B-DNA [55]. Z-DNA was found to be 
formed at CpG island transcriptional hotspots [56,57]. Regions near the transcription start site frequently 
contain sequence motifs favorable for forming Z-DNA, and formation of Z-DNA near the promoter 
region stimulates transcription [57]. All these observations point to the correctness of our model that the 
cyclooctaoxygen sodium-bridged spermine phosphate epigenetic shell is restricted to actively transcribed 
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‘hot spot’ gene regions of eukaryotic ‘open’ euchromatin. Importantly, this epigenetic shell of eukaryotic 
‘open’ euchromatin covers each strand of dsDNA separately, one at the positive strand, one at the 
negative strand (double occupation), whereas the highly condensed dsDNA structures bind one 
polyamine molecule directly at the double strand (single occupation) [46–50]. 

This is substantiated by the precise calculation of the apparent acid dissociation constant of the 
human genome DNA (see Methods 4.5.). The apparent (effective) pK′a,HG (25 °C) = 7.18 of the haploid 
human genome was calculated (Figure 12A) according to the method of Katchalsky & Gillis [58], as based 
on the theoretical considerations of Kuhn & Kuhn [59]. The hypothetical intranuclear pHDNA = 1.66, 
mediated by H. sapiens haploid interphase genome dsDNA without any neutralizing shell, can be 
calculated (Figure 12B) (see Methods 4.6.). Assuming one spermine molecule covering four base pairs 
(single occupation) of B-DNA [50], and correcting for actively transcribed gene regions of H. sapiens 
genome, the hypothetical intranuclear micro-pH [60] surrounding H. sapiens haploid interphase 
euchromatin when covered (single quartet occupation) by the spermine tetracation alone can be 
calculated pHDNA/spermine = 7.43 (see Methods 4.6.). For the diploid dsDNA genome, after completed S 
phase during interphase, the pHDNA/spermine is identical. The theoretical intranuclear micro-pH surrounding 
H. sapiens haploid interphase euchromatin when covered (double triplet occupation) by the sperminium 
phosphate/cyclooctaoxygen sodium complex can be calculated pHDNA/shell = 7.42 (see Methods 4.7.). For 
the diploid dsDNA genome, after completed S phase during interphase, the pHDNA/shell is identical. 

We also elaborated a model for selenium (as hydrogen selenite, HSeO3–, at physiological pH 7.4) 
protection of DNA (Figure 3B) [5]. Selenium, the element of the moon [61], was discovered by Jöns Jacob 
Berzelius (1779–1848) in 1817 and was named by him in honor of the Greek goddess of the moon Selene 
(σελήνη) [62]. Selenium is essential to mammalian physiology at nutritional levels, but 
supraphysiological intake of selenium is known to be toxic for mammals [5,7]. Sodium selenite (Na2SeO3), 
as hydrogen selenite HSeO3– at pH 7.0 (selenious acid H2SeO3: pKa1 = 2.62, pKa2 = 8.32 [63]), binds to calf 
thymus genomic B-DNA at pH 7.0 [64], and to Saccharomyces cerevisiae A-RNA at pH 7.0 [65]. Selenium 
has the ability to protect DNA from noxious influences (oxidative stress, radiation, cytotoxic agents) [5], 
and is essential to genomic stability [5,7,66,67], but the exact molecular biological basis for these 
phenomena is unknown. If in our model of a first epigenetic shell of in vivo DNA (Figure 3A) the 
monohydrogen phosphate is replaced by hydrogen selenite (Figure 3B), an epigenetic explanation for the 
interaction of selenium with eukaryotic in vivo DNA could be given. This model may account for, at least 
some of, the well-known bimodal, protective and toxic, in vivo effects exerted by selenium onto 
mammalian physiology [5,7]. A moderate substitution pattern of hydrogen selenite for monohydrogen 
phosphate would be essential, but if the displacement ratio HSeO3–/HPO42– exceeds a certain tolerance 
level, the epigenetic equilibrium should collapse. The extraordinary high, both acute and chronic, 
mammalian toxicity of sodium selenite (Na2SeO3) [68] should be due, at least in part, to direct detrimental 
effects of supraphysiological levels of hydrogen selenite HSeO3– on mammalian chromosomal DNA 
integrity and regulation of genome expression. In fact, Na2SeO3 is a violent poison with a lethal dose 50% 
(LD50, orally in rats, 7 mg/kg [69]), being lower than the LD50 of sodium cyanide (NaCN) (LD50, orally in 
rats, 15 mg/kg [70]). 

Assuming an essential biological function for the cyclooctaoxygen sodium-bridged spermine 
phosphate and selenite epigenetic shell, we searched for substances able to selectively destroy this 
epigenetic protection structure, and tested the total herbicide glyphosate, N-(phosphonomethyl)glycine 
(ROUNDUP®, Monsanto), and its major environmental metabolite (aminomethyl)phosphonic acid 
(AMPA) [71] on the cyclo-O8-Na+ complex contained in RC. Glyphosate was chosen because it represents 
the top selling total herbicide worldwide [72], and RC was selected because of its highest molar cyclo-O8-
Na+ content in the complex series NC, dNC, and RC (Figure 4) [5]. Glyphosate and AMPA show chemical 
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properties which might predispose them for destruction of cyclooctaoxygen in general. Glyphosate and 
AMPA are very hydrophilic and amphoteric, and their phosphonate moieties could be suitable to interact 
with cyclo-O8-Na+. We could show unequivocally that glyphosate and AMPA indeed selectively destroy 
the cyclo-O8-Na+ complex contained in RC (see Methods 4.8., 4.9. and 4.10.) (Figure 7, 8, 9 and 10). We 
therefore conclude that glyphosate and the major environmental glyphosate metabolite AMPA [71] also 
destroy the cyclooctaoxygen sodium-bridged spermine phosphate and selenite epigenetic shell of human 
euchromatin, because destruction of cyclooctaoxygen is sufficient to bring this essential protection shield 
of human euchromatin into collateral epigenetic collapse. 

To get support for the selectivity of AMPA as an epigenetic poison, the affinity of AMPA towards 
human mitochondrial -aminobutyric acid transaminase (ABAT) [25], and to wild-type human liver 
peroxisomal alanine:glyoxylate aminotransferase (AGT) [26], was determined (see Methods 4.11. and 
4.12.). ABAT represents also a -alanine transaminase [25], and both enzymes were selected because of 
the structural similarity between AMPA and -alanine/L-alanine. AMPA showed essentially no affinity 
to ABAT, but was very showly catabolized by AGT (Figure 11A). This latter result is of interest, since the 
product of the half-transamination of AMPA by AGT is phosphonoformaldehyde which can be oxidized 
(peroxisomal glycolate oxidase, cytoplasmic lactate dehydrogenase [73]) to phosphonoformic acid 
(phosphonoformate, forscarnet) (Figure 11B). Foscarnet represents a well-known inhibitor of mammalian 
[74,75] and viral [74,75] DNA-dependent DNA polymerases. Eukaryotic DNA polymerase  is crucially 
involved in chromosome maintenance, DNA repair and recombination, transcriptional silencing, 
checkpoint activation, and telomere length maintenance [76]. Mammalian DNA polymerase  is potently 
inhibited by foscarnet [74,75]. Therefore, the low-affinity half-transamination of AMPA by AGT, the rate-
limiting step leading to foscarnet, could negatively influence human chromosome maintenance, DNA 
damage repair, and telomere length preservation, mediated by the AMPA catabolite foscarnet inhibition 
of DNA polymerase . This enzymatic catabolism provides an additional, minor mechanism of 
destabilization and impairment of eukaryotic chromosomal DNA indirectly induced by the 
environmental glyphosate metabolite AMPA. 

 
4. Materials and Methods 
4.1. Materials 

The following materials were utilized: NC (C9H14ClN3O5 × 2 ClNaO8 × 2 H2O × ½ C3H6O) = 
[tetrakis(-D-cytidin-N3-ium)(octoxocane-4O1,O3,O5,O7)]sodium(5+) pentachloride dihydrate 
hemiacetonate (M = 1370.22 g/mol) [5]; RC (C9H14ClN3O5 × 2 HClNa2O17 × ¼ C3H6O) = -D-cytidine 
hydrochloride – -chloro(-hydroxy)bis(octoxocane-4O1,O3,O5,O7)disodium (1:2) × 0.25 acetone (M = 
1003.06 g/mol) [5]; potassium iodide (KI) puriss. p.a., reag. ISO, reag. Ph.Eur., w (m/m) ≥ 99.5% (M = 166.00 
g/mol) [Sigma-Aldrich Corp., St. Louis, MO, USA; pH 6.0–9.0 [20 °C, 5% (m/m) in H2O], loss on drying ≤ 
0.2% (105 °C), total nitrogen (N) ≤ 0.001%, heavy metals (as Pb) ≤ 0.0005%, iodate (IO3–) ≤ 2 mg/kg]; starch 
puriss. p.a., from potato, reag. ISO, reag. Ph.Eur., soluble [Sigma-Aldrich Corp., St. Louis, MO, USA; pH 
6.0–7.5, loss on drying ≤ 13% (105 °C), sulfated ash ≤ 0.5%, substances reducing Fehling solution (as 
maltose) ≤ 0.7 %]; (aminomethyl)phosphonic acid (AMPA) (CH6NO3P, M = 111.04 g/mol) [Sigma-Aldrich 
Corp., St. Louis, MO, USA, Lot: MKBX8824V; w (m/m) = 98.5% (titration), carbon (C) 10.9%, nitrogen (N) 
12.6%]; N-(phosphonomethyl)glycine (glyphosate) (C3H8NO5P, M = 169.07 g/mol) [Sigma-Aldrich Corp., 
St. Louis, MO, USA, Lot: MKBX1937V; w (n/n) > 99% (TLC), carbon (C) 21.3%, nitrogen (N) 8.2%, mp 230 
°C (dec.)]; deuterated chloroform (CDCl3) [euriso-top®, Saint Aubin cedex, France, Lot: D007H, W2631; 
99.80% D, H2O < 0.01%, stored over molecular sieve 3Å]; molecular sieve 3Å (0.3 nm, zeolithe, metal-
aluminosilicate) [AppliChem GmbH, Darmstadt, Germany; Lot: 5H002478; water absorbency ≥ 20% (24 h, 
80% humidity)]; elemental iodine I2 (M = 253.81 g/mol) (iodum resublimatum Ph.Eur. 7.0) [Caesar & 
Loretz (Caelo) GmbH, Hilden, Germany, Lot: 122890; w (m/m) = 99.9% (titration), non-volatile matter ≤ 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 25 January 2017                   doi:10.20944/preprints201701.0086.v2

http://dx.doi.org/10.20944/preprints201701.0086.v2


11 

0.1%, Br– and Cl– ≤ 250 ppm]. L-Ascorbic acid (vitamin C) Ph.Eur. 7.0 (M = 176.12 g/mol) was purchased 
from a local pharmacy store (Friedens-Apotheke, München-Trudering, Germany). Glyphosate 
monosodium salt (C3H7NNaO5P, M = 191.05 g/mol) was purchased in form of ROUNDUP® GRAN 15,5 g 
granules [Monsanto Europe S.A., Antwerp, Belgium, Lot: T346 (prod. date 12/12/2011); contains 475 g/kg 
glyphosate-Na, wglyphosate-Na (m/m) = 47.5%, inert carrier material 33.5%, water and excipients 19%]. 
 
4.2. Calculation of the Genomic Coverage by the Cyclooctaoxygen Sodium-Bridged Spermine Phosphate Epigenetic 
Shell of Interphase DNA in Bovine Lymphocytes 

The average volume of human lymphocytes was taken as 206 fl (femtoliter) [77]. The average 
volume of bovine lymphocytes was taken as 214 fl (femtoliter) after introducing a technical correction 
factor of f = 0.834 [78]. The reference genome size of Bos taurus (Hereford breed) was taken as 
2,670,139,648 bp (RefSeq assembly accession number GCF_000003055.6) [79]. This genome showed 41.89% 
GC content [79]. The theoretical intracellular concentration of the sperminium phosphate/cyclo-O8-Na+ 
complex required to cover all triplets of the dsDNA genome in a blood lymphocyte of B. taurus was 
calculated: [214 fl × 6.022140857 × 1023 mol-1]-1 × 2,670,139,648 × 2 × 3-1 = 7.7597 pM × 1,780,093,099 = 13.8127 
mM. The coverage of B. taurus genome by the sperminium phosphate/cyclo-O8-Na+ complex was 
calculated (mean ± s.d.: 2.6208 ± 0.4953%) from the published [42] fractions of spermine bound to dsDNA: 
421 µM × [13.8127 mM]-1 = 3.0479% (in presence of 2 mM Mg2+ and 100 mM K+), 287 µM × [13.8127 mM]-1 = 
2.0778% (2 mM Mg2+, 150 mM K+), and 378 µM × [13.8127 mM]-1 = 2.7366% (10 mM Mg2+, 100 mM K+). The 
number of base pairs for the number of protein-coding exons in B. taurus genome (49,107) [79] was 
calculated with the median of amino acid residues/gene (468) [79]: 49,107 × 3 bp × 468 = 68,946,228 bp 
(2.5821% of B. taurus genome). The GC content of E. coli-derived pBR322 plasmid covalently closed 
circular dsDNA (GenBank accession number J01749.1) was calculated from its sequence as 53.75%. 
 
4.3. Calculation of the Spermine Coverage of Highly Condensed Mitotic Metaphase DNA in HeLa S3 Cells 

The average effective molecular mass of dGp/dCp was calculated as M = 309.19 g/mol, of 
dAp/dTp as M = 308.70 g/mol. The reference Homo sapiens genome size was taken as 3,238,442,024 bp 
(RefSeq assembly accession number GCF_000001405.35) [80]. This genome showed 41.46% GC content 
[80]. The molecular mass of this human genome dsDNA was calculated: (0.4146 × 309.19 g/mol) + (0.5854 
× 308.70 g/mol) × (3,238,442,024 bp × 2) = 2.000730 × 1012 g/mol. The HeLa cell genome [81] was anticipated 
as 76 chromosomes (hypertriploid) + 22 abnormal chromosomes [81,82]. The chromosomal DNA size of 
HeLa metaphase chromatin dsDNA was calculated as 19,539,129,390 bp with M = 1.207127414 × 1013 
g/mol from published karyotyping [82]. The content of spermine in HeLa S3 cell metaphase chromatin 
was taken as 135.9 ± 16.1 pmol/µg DNA [45]. This was transformed into 135.9 ± 16.1 p(ico)mol 
spermine/82.84129651 z(epto)mol dsDNA = 1,640,486,155 (molecules spermine/dsDNA). Since one 
spermine molecule is assumed to cover six bp (in the pure spermine form of A-DNA duplex [46] and Z-
DNA duplex [47]), this corresponds to a coverage of 1,640,486,155 × 6 × [19,539,129,390]-1 = 50.3754% of 
HeLa S3 cell metaphase chromatin dsDNA genome by spermine. The content of spermidine in HeLa S3 
cell metaphase chromatin was taken as 116.1 ± 11.8 pmol/µg DNA [45]. This was transformed into 116.1 ± 
11.8 p(ico)mol spermidine/82.84129651 z(epto)mol dsDNA = 1,401,474,927 (molecules 
spermidine/dsDNA). Since one spermidine molecule is assumed to cover six bp (in the pure spermidine 
form of Z-DNA duplex [48,49]), this corresponds to a coverage of 1,401,474,927 × 6 × [19,539,129,390]-1 = 
43.0359% of HeLa S3 cell metaphase chromatin dsDNA genome by spermidine. Taken together, the 
polyamine (spermine/spermidine ratio 1.17) coverage of HeLa S3 cell metaphase chromatin dsDNA is 
50.3754% + 43.0359% = 93.4113%. 
 
4.4. Calculation of the Polyamine Coverage of Maximally Condensed Mitotic Late Anaphase/Early Telophase DNA 
in Murine Cryptal Enterocytes 
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The phosphorus (P) content of female Mus musculus strain C3H/HeJ cryptal enterocytic mitotic 
(late anaphase/early telophase) chromatin was taken as 298.5 ± 17.3 mmol (P)/kg [51]. The average 
effective molecular mass of one nucleotide unit (dGp/dCp and dAp/dTp) in M. musculus C3H/HeJ 
genome (2,701,131,316 bp) [83] was calculated with the GC content of 42.82% [83]: M = 308.91 g/mol. With 
the formula w (P) = (nP) × M-1 (nP, number of P atoms pro formula unit; M, molecular weight of formula 
unit) the phosphorus content w (P) of murine mitotic chromatin was calculated: 3,237.19 mmol (P)/kg 
(free dsDNA). The value for complete complexation with one spermine tetracation/six nucleotides is 
2,912.86 mmol (P)/kg (spermine tetracation-complexed ssDNA), and for complete complexation with one 
spermidine trication/six nucleotides is 2,997.41 mmol (P)/kg (spermidine trication-complexed ssDNA). 
Taking the arithmetic mean of the published [42,84] spermine/spermidine ratio 0.85, bound to rat liver 
DNA and RNA (2 mM Mg2+, 150 mM K+) [42], or in Sprague–Dawley rat liver nuclei [84], the theoretical 
value for complete complexation is {(2,912.86 × 0.85) + [(2,997.41 × (2 – 0.85)]} × 2-1 = 2,961.48 (P)/kg 
(spermine tetracation/spermidine trication-complexed ssDNA). Phosphatidylcholine in its dipalmitoyl 
(C16:0) lipid composition (M = 734.04 g/mol) is the main constituent (60.8 ± 1.3%) of the phospholipid 
fraction in rat liver chromatin [85]. This molecular weight was corrected to an average effective molecular 
mass M = 765.03 g/mol, based on the fractions [85] and lipid compositions [85] of phospholipids 
(phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, phosphatidylinositol, 
sphingomyelin) in Sprague–Dawley rat liver chromatin, to yield the reference value for the (P) content of 
phospholipid 1,307.13 mmol (P)/kg. The fractions of DNA (32.0 ± 4.1%), RNA (5.1 ± 1.6%), protein (62.6 ± 
3.8%), and phospholipid (0.2 ± 0.1%) in Sprague–Dawley rat liver chromatin were taken as published [85], 
and applied on the murine mitotic chromatin nucleic acids (DNA + RNA). The published [51] value was 
corrected for the chromatin-bound cation (Na+, K+, Mg2+, Ca2+) [51], protein and phospholipid [85] content: 
{[841.0 mmol (Na+, K+, Mg2+, Ca2+)/kg + 298.5 mmol (P)/kg] × 100 × 37.1-1} + [0.2 × 100-1 × 1,307.13 mmol 
(P)/kg] = 3,074.04 mmol (P)/kg (ssDNA + ssRNA) in mitotic late anaphase/early telophase chromatin. The 
six nucleotide coverage (ssDNA + ssRNA) by the polyammonium cations was calculated: (3,237.19 – 
3,074.04) × (3,237.19 – 2,961.48)-1 × 100% = 59.1745%. The genomic dsDNA six bp coverage by the 
polyammonium cations, corrected for the nuclear RNA content, was calculated: 59.1745% × (32.0 × 37.1-1) 
× 2 = 102.0800%. This corresponds to a coverage of 5.8777 bp murine cryptal enterocytic mitotic (late 
anaphase/early telophase) chromatin dsDNA by one polyammonium cation (spermine/spermidine ratio 
0.85). The six nucleotide coverage of nuclear RNA by the polyammonium cations was calculated: 
59.1745% – (102.0800% × 2-1) = 8.1345%, corresponding to a relative six nucleotide coverage of nuclear 
RNA: 8.1345 × (5.1)-1 × 100% = 159.5000%. This corresponds to a coverage of 3.7618 nucleotides of nuclear 
RNA by one polyammonium cation (spermine/spermidine ratio 0.85). 
 
4.5. Calculation of the Apparent Acid Dissociation Constant of the Human Genome DNA 

The intrinsic pKa of one isolated phosphodiester of DNA is 1.29, this is the pKa (25 °C) of dimethyl 
phosphate [86]. The reference H. sapiens genome size was taken as 3,238,442,024 bp (RefSeq assembly 
accession number GCF_000001405.35) [80]. The apparent (effective) pK′a,HG (25 °C) = 7.1849 of the haploid 
human genome was calculated (Figure 12A) according to the method of Katchalsky & Gillis [58], as based 
on the theoretical considerations of Kuhn & Kuhn [59]. The length rise of one B-DNA repeating unit (helix 
rise/bp) in solution (in the crystal: 0.336 nm [87,88]) was taken as: b = 0.334 × 10-7 cm (0.334 ± 0.01 nm [87]). 
The h0 was calculated by: 0.334 nm × 3,238,442,024 = 1.08163964 m (= theoretical length of H. sapiens 
dsDNA haploid genome as linear thread). The h was calculated by: 0.5 × (0.334 nm + 0.5798 nm) × 
3,238,442,024 = 1.47964416 m (theoretical length of half-neutralized H. sapiens dsDNA haploid genome as 
linear thread) (Figure 12A). The 0.5798 nm pitch in one relaxed (fully neutralized) dsDNA repeating unit 
was calculated as statistic arithmetic mean dØ = 579.80 pm from the interphosphorus distance d (5’-P,5’-P) 
= 739.25 ± 14.37 pm (d ± s.d.; n = 4) in the fully ionized single-stranded hexanucleotide 
d(ApApApApApAp) [molecular modeling software: ACD/Chem Sketch version 12.01 with integrated 
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ACD/3D Viewer (Advanced Chemistry Development, Inc., Toronto, Ontario, Canada), processed with 
Mercury 3.1 version 3.1.1 (The Cambridge Crystallographic Data Centre, Cambridge, United Kingdom)], 
minus the typical phosphorus–oxygen distance d (P,O) = 159.45 pm [89], by the formula: dØ = 739.25 pm – 
159.45 pm = 579.80 pm. 
 
4.6. Calculation of the Hypothetical Intranuclear Micro-pH Mediated by Single Spermine Occupation of Human 
Interphase Euchromatin 

The reference H. sapiens genome size was taken as 3,238,442,024 bp (RefSeq assembly accession 
number GCF_000001405.35) [80]. The number of base pairs for the number of protein-coding exons in H. 
sapiens genome (59,911) [80] was calculated with the median of amino acid residues/gene (484) [80]: 59,911 
× 3 bp × 484 = 86,990,772 bp (2.6862% of H. sapiens genome). The intrinsic pH of H. sapiens haploid 
interphase genome was calculated with the volume of a human blood lymphocyte interphase nucleus of 
40.2 ± 2.0 fl (femtoliter) [78]. Because H. sapiens dsDNA haploid genome is to be treated as a weak acid 
[pK′a,HG (25 °C) = 7.1849], the hypothetical nuclear pHDNA = 1.6642, mediated by H. sapiens haploid 
interphase genome dsDNA, can be calculated (Figure 12B). The concentration cDNA was calculated as: [1 
genome × (6.022140857 × 1023 mol-1)-1] × (40.2 fl)-1 = 41.3069 µM. This concentration was multiplied by the 
number of phosphodiester moieties in dsDNA (3,238,442,024 × 2) and corrected for actively transcribed 
gene regions of H. sapiens genome (2.6862%). The four pKa values (± s.d.) of spermine pKa1 = 10.86 ± 0.06, 
pKa2 = 10.05 ± 0.01, pKa3 = 8.82 ± 0.01, pKa4 = 7.95 ± 0.01 [potentiometric titration in H2O, 25 °C, ionic 
strength (NaCl) 0.1] [30] give the apparent (effective) pK′spermine (25 °C) = 9.42 ± 0.02 (mean ± s.d.). Because 
the hypothetical nuclear concentration of spermine tetracation covering B-DNA is one quarter of cDNA, if 
we assume one spermine molecule covering four base pairs (single occupation) of B-DNA [50], and 
correcting for actively transcribed gene regions of H. sapiens genome (2.6862%), the pHspermine = 13.1867 can 
be calculated (Figure 12B). Therefore, the hypothetical intranuclear micro-pH surrounding H. sapiens 
haploid interphase euchromatin when covered (single quartet occupation) by the spermine tetracation 
can be calculated as: pHDNA/spermine = 0.5 × (1.6642 + 13.1867) = 7.4255. For the diploid dsDNA genome, after 
completed S phase during interphase, the hypothetical micro-pH surrounding H. sapiens diploid 
interphase euchromatin when covered (single quartet occupation) by the spermine tetracation is, again, 
pHDNA/spermine = 7.4255. 
 
4.7. Calculation of the Theoretical Intranuclear Micro-pH Mediated by Sperminium Phosphate/Cyclooctaoxygen 
Sodium Complex Occupation of Human Interphase Euchromatin 

The apparent pK′spermine was corrected for the monohydrogen phosphate complexation to get the 
apparent (effective) pK′shell of the sperminium phosphate/cyclooctaoxygen sodium complex epigenetic 
shell. Ortho-phosphoric acid H3PO4 shows the pKa1 = 2.161, pKa2 = 7.207, and pKa3 = 12.325 at 25 °C [90]. 
Therefore, the pK′spermine is to be corrected for the monohydrogen phosphate of the epigenetic shell: pK′shell 
= [9.42 + ({[(2.161 + 7.207) × 0.5] + 12.325} × 0.5)] × 0.5 = 8.96225. Because the theoretical nuclear 
concentration of the sperminium phosphate/cyclooctaoxygen sodium complex covering dsDNA is two-
third of cDNA, when we assume one epigenetic complex molecule covering three base pairs on both 
strands of dsDNA (double occupation), and correcting for actively transcribed gene regions of H. sapiens 
genome (2.6862%), the pHshell = 13.1708 (Figure 12B). Therefore, the theoretical intranuclear micro-pH 
surrounding H. sapiens haploid interphase euchromatin when covered (double triplet occupation) by the 
sperminium phosphate/cyclooctaoxygen sodium complex can be calculated as: pHDNA/shell = 0.5 × (1.6642 + 
13.1708) = 7.4175. For the diploid dsDNA genome, after completed S phase during interphase, the 
theoretical micro-pH surrounding H. sapiens diploid interphase euchromatin when covered (double 
triplet occupation) by the sperminium phosphate/cyclooctaoxygen sodium complex is, again, pHDNA/shell = 
7.4175. 
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4.8. Color Assay for Cyclo-O8-Na+ Contained in RC – Destruction of Cyclo-O8-Na+ by the Glyphosate Metabolite 
(Aminomethyl)phosphonic Acid 

Stock preparations were: KI (52 mg KI in 2,000 µl H2O) (1), KI + starch (52 mg KI + 18 mg starch in 
2,000 µl H2O) (2),  RC + KI (34 mg RC + 52 mg KI in 2,000 µl H2O) (3), RC + KI + AMPA (34 mg RC + 52 
mg KI + 22 mg AMPA in 2,000 µl H2O) (4), RC + KI + starch (34 mg RC + 52 mg KI + 18 mg starch in 2,000 
µl H2O) (5), RC + KI + starch + AMPA (34 mg RC + 52 mg KI + 18 mg starch + 22 mg AMPA in 2,000 µl 
H2O) (6). The concentrations in solution were: RC, 16.9481 mM (with cyclo-O8-Na+, 67.7924 mM); KI, 
156.6265 mM; AMPA, 99.0634 mM. 

The stock solutions were incubated at room temperature (RT, ϑ = 14.0 °C) for 30 min, then at 
elevated temperature (ϑ = 25.2 °C) for 2 min, after which time the first photograph series (Figure 7) was 
taken. The solutions were then incubated at elevated temperature for 48 min, after which time the second 
photograph (Figure 7) series was taken. The solutions were further incubated at RT for 14 h. Afterwards, 
both RC + KI (3) and RC + KI + AMPA (4) were mixed with 1,000 µl deuterated chloroform (CDCl3), and 
extracted by shaking. Concomitantly, RC + KI + starch (5) and RC + KI + starch + AMPA (6) were both 
mixed with 8 mg of solid L-ascorbic acid (concentration of L-ascorbic acid in solution 22.7118 mM). The 
solutions were succeedingly incubated at elevated temperature for 15 min, after which time the third 
photograph series (Figure 7) was taken. 
 
4.9. Control Color Assay for Potential Reduction of Elemental Iodine by the Glyphosate Metabolite 
(Aminomethyl)phosphonic Acid 

Stock preparations were: blank without AMPA (1,000 µl H2O), AMPA stock solution (34 mg 
AMPA in 1,000 µl H2O), and two iodine stock solutions [each 80 mg elemental iodine in 2,000 µl 90% (v/v) 
aqueous ethanol]. The stock preparations were incubated at room temperature (RT, ϑ = 14.0 °C) for 15 
min with occasional shaking, then at elevated temperature (ϑ = 25.2 °C) for 15 min, until the stock 
preparations were nearly dissolved (AMPA full, iodine not fully). Then the AMPA stock solution was 
injected into the first iodine stock solution (it results solution A), no decoloration resulted. The H2O blank 
was injected into the second iodine stock solution (it results solution B), no decoloration resulted. The 
concentrations in solution were now: AMPA, 102.0653 mM; iodine as I2, 105.0655 mM. 

After incubation at elevated temperature for 15 min, into both solutions 1,000 µl of water were 
injected, crystallization of elemental iodine followed, and no decoloration resulted. The first photograph 
series (Figure 7) was taken after 25 min incubation at elevated temperature. After incubation at elevated 
temperature for 15 min, 2,000 µl of 90% (v/v) aqueous ethanol were injected in both A and B. The 
mixtures were shaken, the iodine dissolved to give clear deep brown solutions, and no decoloration 
resulted. After 5 min incubation at elevated temperature the second photograph (Figure 7) series was 
taken. Both A and B did not show any further change at RT during 24 h observation. 
 
4.10. Color Assay for Cyclo-O8-Na+ Contained in RC – Destruction of Cyclo-O8-Na+ by Glyphosate and 
ROUNDUP® 

Stock preparations were: RC + KI + starch (34 mg RC + 57 mg KI + 18 mg starch in 2,000 µl H2O) 
(1), RC + KI + starch + glyphosate (34 mg RC + 57 mg KI + 18 mg starch + 34 mg glyphosate in 2,000 µl 
H2O) (2), RC + KI + starch + glyphosate-Na (34 mg RC + 57 mg KI + 18 mg starch + 87 mg ROUNDUP® 
GRAN in 2,000 µl H2O) (3), RC + KI + glyphosate (34 mg RC + 57 mg KI + 34 mg glyphosate in 2,000 µl 
H2O) (4), RC + KI + glyphosate-Na (34 mg RC + 57 mg KI + 87 mg ROUNDUP® GRAN in 2,000 µl H2O) 
(5) [a saturated solution of 18 mg glyphosate (free acid) in 1,000 µl of H2O showed pH 1.5 (14.0 °C)]. The 
concentrations in solution were: RC, 16.9481 mM (with cyclo-O8-Na+, 67.7924 mM); KI, 171.6867 mM; 
glyphosate, 100.5501 mM; glyphosate-Na, 108.1523 mM. The stock solutions were incubated at room 
temperature (RT, ϑ = 14.7 °C) for 30 min, then at elevated temperature (ϑ = 25.2 °C) for 70 min, after 
which time the photograph series (Figure 9) was taken. 
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A control color assay for potential reduction of elemental iodine by glyphosate and ROUNDUP® 
GRAN was performed. Stock preparations were: blank without glyphosate [75 mg elemental iodine in 
2,000 µl 45% (v/v) aqueous ethanol], glyphosate stock solution [52 mg glyphosate in 2,000 µl 45% (v/v) 
aqueous ethanol], and ROUNDUP® GRAN stock solution [124 mg ROUNDUP® GRAN in 2,000 µl 45% 
(v/v) aqueous ethanol]. The stock preparations were incubated at room temperature (RT, ϑ = 14.1 °C) for 
45 min with occasional shaking. Then 75 mg solid elemental iodine were added to both glyphosate and 
ROUNDUP® GRAN stock preparation. After incubation at elevated temperature for 1.5 h, the stock 
preparations were nearly dissolved (ROUNDUP® GRAN full, glyphosate and iodine not fully). Then 
1,000 µl of 90% (v/v) aqueous ethanol were injected into each preparation [resulting in solution A1 
(glyphosate), A2 (glyphosate-Na), and B (blank)], no decoloration resulted. The concentrations in solution 
were now: glyphosate, 102.5216 mM; glyphosate-Na, 102.7654 mM; iodine as I2, 98.4989 mM. The 
photograph series (Figure 9) was taken after 6 h incubation at elevated temperature, no decoloration 
resulted. Both A1, A2, and B did not show any further change at RT during 24 h observation. 

A color assay for cyclo-O8-Na+ contained in NC was accordingly performed. The preparation was: 
NC + KI + starch (25 mg NC + 43 mg KI + 18 mg starch in 1,000 µl H2O). The concentrations in solution 
were: NC, 18.2452 mM (with cyclo-O8-Na+, 18.2452 mM); KI, 259.0361 mM. The preparation was 
incubated at elevated temperature for 10 h, after which time the first photograph (Figure 9) series was 
taken. The preparation was further incubated at room temperature (RT, ϑ = 13.7 °C) for 40 h, after which 
time the second photograph series (Figure 9) was taken. 
 
4.11. Enzyme Assay of the Glyphosate Metabolite (Aminomethyl)phosphonic Acid with Human Mitochondrial -
Aminobutyric Acid Transaminase 

Recombinant human (16p13.2) mitochondrial 4-aminobutyrate aminotransferase (ABAT) (E.C. 
2.6.1.19), mature full length protein aa 29–500 with N-terminal His-SUMO-tag and C-terminal Myc-tag, 
was purchased from MyBioSource, Inc. (San Diego, CA, USA). The sequence (472 aa) is: 
SQAAAKVDVEFDYDGPLMKTEVPGPRSQELMKQLNIIQNAEAVHFFCNYEESRGNYLVDVDGNRML
DLYSQISSVPIGYSHPALLKLIQQPQNASMFVNRPALGILPPENFVEKLRQSLLSVAPKGMSQLITMACGS
CSNENALKTIFMWYRSKERGQRGFSQEELETCMINQAPGCPDYSILSFMGAFHGRTMGCLATTHSKAI
HKIDIPSFDWPIAPFPRLKYPLEEFVKENQQEEARCLEEVEDLIVKYRKKKKTVAGIIVEPIQSEGGDNHA
SDDFFRKLRDIARKHGCAFLVDEVQTGGGCTGKFWAHEHWGLDDPADVMTFSKKMMTGGFFHKEEF
RPNAPYRIFNTWLGDPSKNLLLAEVINIIKREDLLNNAAHAGKALLTGLLDLQARYPQFISRVRGRGTF
CSFDTPDDSIRNKLILIARNKGVVLGGCGDKSIRFRPTLVFRDHHAHLFLNIFSDILADFK (PLP-binding 
K357 active site in bold). The 500 aa ABAT precursor protein (NCBI Reference Sequence NP_000654.2) 
additionally bears the N-terminal peptide 1–28. The mature ABAT (aa 29–500, 53.27 kDa) is responsible 
for the catabolism of -aminobutyric acid (GABA), an important, mostly inhibitory neurotransmitter in 
the central nervous system, into succinic semialdehyde. The active enzyme is a homodimer of 53 kDa 
subunits, each condensed to one pyridoxal 5’-phosphate (PLP). The human ABAT deficiency phenotype 
includes psychomotor retardation, hypotonia, hyperreflexia, lethargy, refractory seizures, and 
electroencephalographic (EEG) abnormalities. 

To investigate whether AMPA is a substrate for human mitochondrial GABA transaminase, 
experiments were performed with commercially available recombinant human GABA transaminase 
according to the procedure of Schor et al. [25] with some modifications. Incubations with 500 nmol AMPA, 
in an assay volume of 120 µl did not show activity of GABA transaminase towards AMPA, while the 
control assay using 500 nmol 15N-GABA as substrate did resulted in the formation of the expected 
enzyme product. Subsequent inhibition experiments, with co-incubations of fixed amounts (500 nmol) of 
15N-GABA with increasing amounts of AMPA (0–2000 nmol), revealed that AMPA did not act as an 
inhibitor of the GABA transaminase-catalysed reaction of 15N-GABA to succinic semialdehyde. These 
combined results strongly suggest that AMPA is not a substrate for human GABA transaminase. 
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4.12. Enzyme Assay of the Glyphosate Metabolite (Aminomethyl)phosphonic Acid with Human Wild-Type 
Alanine:Glyoxylate Aminotransferase 

Recombinant human alanine:glyoxylate aminotransferase was expressed in E. coli and purified as 
described [91]. The enzyme at 5 µM concentration was incubated with 100 mM AMPA at 25 °C in 100 
mM potassium phosphate buffer pH 7.4. At various times (1, 2, 5, 22 h), aliquots were withdrawn and the 
reaction was stopped by adding trichloroacetic acid 10% (v/v). The total amount of PLP and 
pyridoxamine 5’-phosphate (PMP) was determined by HPLC analysis as previously described (Figure 
11A) [92]. 
 
5. Conclusions 

We allow us the profound conclusions that sperminium phosphate/cyclo-O8-Na+ coverage of 
nucleic acids is essential for eukaryotic gene regulation, and, in conjunction with selenite, protects and 
stabilizes gene-rich ‘open’ chromatin euchromatic DNA [5]. These postulations [5] would account for a 
long-sought molecular explanation of the essential, but ‘mysterious’ function of the polyamine spermine 
in eukaryotes [6]. Spermine is found only in eukaryotes, with some exceptions, and prokaryotes rely 
mostly on putrescine and spermidine [6,93]. The essentiality of spermine for humans is exemplified by 
the Snyder–Robinson X-linked mental retardation syndrome [94] caused by missense mutations in the 
human spermine synthase gene, leading to mental retardation, generalised seizures, absent speech, 
inability to stand, and other severe defects [94]. One can speculate that at the transition from prokaryotic 
to eukaryotic life the sperminium phosphate/cyclo-O8-Na+ complex resulted as a consequence from the 
combined accumulation of atmospheric oxygen and prokaryotic RNA, since the evolution of spermine 
synthases from prokaryotic spermidine synthase was proposed [93] as co-occurring with the onset of 
proto-eukaryotic life. 

An improved and corrected molecular biological model is proposed for a first epigenetic shell of 
eukaryotic euchromatin. This model incorporates an epigenetic explanation for the interactions of the 
essential micronutrient selenium (as selenite) with eukaryotic euchromatin. The sperminium 
phosphate/cyclooctaoxygen sodium complex was calculated to cover the actively transcribed regions 
(2.6%) of bovine lymphocyte interphase genome dsDNA (double occupation). The polyamine 
(spermine/spermidine ratio 1.17) coverage of HeLa S3 cell metaphase chromatin dsDNA was calculated 
as 93.4% (single occupation). In murine cryptal enterocytic mitotic (late anaphase/early telophase) 
chromatin the obtained in vivo value corresponds to complete genomic coverage (single occupation), and 
to comprehensive and extensive nuclear RNA coverage, by the spermine tetracation and spermidine 
trication (spermine/spermidine ratio 0.85). Because cyclooctaoxygen seems to be naturally absent in 
hypoxia-induced highly condensed chromatin [4], we hence propose a model [95] for the 
cyclooctaoxygen sodium-bridged spermine phosphate (and selenite) epigenetic shell of actively 
transcribed gene regions in eukaryotic ‘open’ chromatin DNA (Figure 13). Furthermore, a working model 
is tabulated in summary for the selective cell cycle-dependent epigenetic occupation of eukaryotic DNA 
(Table 1). 

What may be the overall biological significance, and pathophysiological implication, of this 
selective epigenetic shell? During transcription of actively transcribed gene regions in eukaryotic ‘open’ 
chromatin the double helix must be unwound by DNA helicases [96] and the strands must be separated 
to enable access to DNA-dependent RNA polymerases I, II [97,98], and III. This creates intermediate DNA 
single-strand regions which are prone to chemical structure damage by multiple noxious impacts like 
reactive oxygen species (ROS) [3] and mutagens [99]. The selective cyclooctaoxygen sodium-bridged 
spermine phosphate (and selenite) epigenetic occupation of these sensitive single-stranded stretches 
could serve as an intrinsic protection against chemically-induced structural damage. This would be a 
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logic explanation for the selective nature of the separate occupation of both DNA strands, consequently 
retained when strands are separated for transcription of mRNA. 

But what is the chemical, obviously evolutionary conserved, genomic necessity for the DNA 
single-strand protection by cyclooctaoxygen sodium-bridged spermine complexes? Since spontaneous 
deamination, ROS, chemical mutagens, and UV light do damage both dsDNA and ssDNA regions [100–
102], albeit ssDNA with higher propensity than dsDNA [100,101], the immediate benefit must be based in 
another origin. Intriguing seem to be pH effects, since spermine is a strong base, and the major pH-
related damage to DNA is depurination creating apurinic sites at low pH [103–105], with a four times 
higher reaction rate for ssDNA than for dsDNA [103,105]. 

The formation of kinetin (N6-furfuryl-9H-adenine) from DNA is known [106]. It should be 
emphasized that kinetin is not contained in native mammalian DNA, contrary to misleading claims 
[107,108], but is formed only during DNA damage. A mechanism for the kinetin formation in, or from, 
DNA was proposed [107,108], but it seems not to be conclusive in chemical reason, since furfural does not 
react with the adenine 6-NH2 group under condensation to a Schiff base [106]. We therefore propose a 
chemical mechanistic deduced logical scheme [109–112] for the generation of kinetin from DNA by 
proton catalysis (kinetin-generating “base flip”, KGBF) (Figure 14), based on proton-catalysed 
depurination and subsequent inverted adenine 6-NH2 N-glycosylation [109,110], in consequence leaving 
back a DNA single-strand break. It is proposed that the cyclooctaoxygen sodium-bridged spermine 
phosphate epigenetic shell protects ssDNA from low pH-induced depurination, including, in part, 
generation of kinetin by KGBF. This is substantiated by the precise calculation of the apparent acid 
dissociation constant of the human genome DNA (see Methods 4.5.). 

We therefore conclude that the sperminium phosphate/cyclooctaoxygen sodium complex serves 
to protect ssDNA from nucleic acid-mediated intrinsic low intranuclear micro-pH-induced depurination, 
including KGBF, creating apurinic sites and concomitant DNA single-strand breaks at eukaryotic genome 
regions engaged in active transcription. The precisely calculated  intranuclear micro-pH gain, obtained by 
sperminium phosphate/cyclooctaoxygen sodium complexation of B-DNA individual strands, is 
essentially the same as the intranuclear micro-pH gain for condensed B-DNA strand-overarchingly 
covered by sperminium tetracations. 

In conclusion, it is logically obvious that any chemical agent, biochemical precursor (selenium) 
deficiency, and/or physical circumstance compromising the sperminium phosphate/selenite–
cyclooctaoxygen sodium complexation will inevitably lead to a severe disturbation of eukaryotic genome 
integrity, to an increased mutation rate, and to genomic DNA single-strand breaks caused by KGBF. This 
is, in part, proved by the Snyder–Robinson X-linked mental retardation syndrome [94], characterized by a 
defect in spermine synthesis, leading to nearly complete loss of the polyamine spermine. We therefore 
investigated chemical agents selectively destroying the epigenetic shell of eukaryotic euchromatin, found 
a candidate molecule, and, hence, wish to define it as an ‘epigenetic poison’. The total herbicide 
glyphosate, N-(phosphonomethyl)glycine (ROUNDUP®, Monsanto), and its major environmental 
metabolite (aminomethyl)phosphonic acid (AMPA) [71] were found, rather unequivocally, to selectively 
destroy the cyclo-O8-Na+ complex contained in RC (Figure 7, 8, 9 and 10). Glyphosate and AMPA came 
into focus because (i) glyphosate represents the top selling total herbicide worldwide [72], (ii) their 
chemical structure (phosphonate + amine) and properties (strongly hydrophilic and acidic) seemed to 
enable them to interact with cyclooctaoxygen sodium, (iii) glyphosate and ROUNDUP® are suspected to 
damage DNA and cause cancer in humans [113], and (iv) AMPA is already widely distributed in global 
ecosystems like (surface) water [114]. 

We allow us to conclude on basis of our, rather unequivocal, findings that glyphosate, 
ROUNDUP® and AMPA are major examples of slow-acting, insidious ‘epigenetic poisons’, (i) slowly 
eroding and detoriating human, animal and plant genomic integrity, (ii) rattening human, animal and 
plant inborne protection of hereditary information against mutation, and (iii) disturbing the processing of 
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human, animal and plant genetic information by transcription. It is hence inevitable for us to define 
glyphosate, ROUNDUP® and AMPA as a significant threat for human, animal and plant genomic 
stability, especially for future human generations forced to live under the glyphosate-, ROUNDUP®- and 
AMPA-induced radiomimetic effects.  
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Table 1. Tabulation of the selective cell cycle-dependent occupation of eukaryotic DNA by epigenetic 

polyamine shells. 1 ×, single quartet occupation (one polyamine pro both strands); 2 ×, double triplet 
occupation (one polyamine pro one strand); Chr, chromatin. 

Cell cycle phase Heterochromatin Euchromatin 

Interphase Function (concise) 
Spermine-

occupation? 

Cyclo-O8-
Na+-

occupation? 

Spermine-
occupation? 

Cyclo-O8-
Na+-

occupation? 

G0 (Gap 0) 
Resting and 
quiescence 

No No 
Yes (2 ×) – With 

cyclo-O8-Na+ 

Yes (2 ×) – 
On ‘open’ 

Chr 

G1 (Gap 1) 
Transcription and 
histone synthesis 

No No 
Yes (2 ×) – With 

cyclo-O8-Na+ 

Yes (2 ×) – 
On ‘open’ 

Chr 

S (Synthesis) DNA synthesis No No 
Yes (2 ×) – With 

cyclo-O8-Na+ 

Yes (2 ×) – 
On ‘open’ 

Chr 

G2 (Gap 2) Translation No No 
Yes (2 ×) – With 

cyclo-O8-Na+ 

Yes (2 ×) – 
On ‘open’ 

Chr 

Mitosis Function (concise) 
Spermine-

occupation? 

Cyclo-O8-
Na+-

occupation? 

Spermine-
occupation? 

Cyclo-O8-
Na+-

occupation? 

Prophase 
Chr condenses into 
chromosomes, 
nucleolus disappears 

Yes (1 ×) – 
Condensing 

Chr 
No 

Yes (1 ×) – 
Condensing 

Chr 
No 

Prometaphase 

Kinetochore and 
polar microtubules 
attach, mitotic 
spindle formed, 
nucleus disappears 

Yes (1 ×) – 
Condensed Chr 

No 
Yes (1 ×) – 

Condensed Chr 
No 

Metaphase 

Centrosomes pull 
chromosomes, 
chromosome 
centromeres line up 
at metaphase plate 

Yes (1 ×) – 
Highly 

condensed Chr 
No 

Yes (1 ×) – 
Highly 

condensed Chr 
No 

Anaphase 

Chromosomes break 
at centromeres, sister 
chromatids separated 
by microtubules 

Yes (1 ×) – 
Maximally 

condensed Chr 
in late 

anaphase 

No 

Yes (1 ×) – 
Maximally 

condensed Chr 
in late 

anaphase 

No 

Telophase 

Chr reformed from 
chromosomes, 
nucleus and 
nucleolus reappear 

Yes (1 ×) – 
Maximally 

condensed Chr 
in early 

telophase 

No 

Yes (1 ×) – 
Maximally 

condensed Chr 
in early 

telophase 

No 
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Figure 1. Parts of the original publication [1] from 1677 by Antoni van Leeuwenhoek with the description of 
the first light microscopic observation of crystalline spermine phosphate in human semen. (A) The title 
page 1040. (B) Page 1042 with fig. A showing the characteristic crystalline shape [2] of spermine × 2 H3PO4 
× 6 H2O [2]. The last paragraph including fig. A is read in New Latin: “Et sum prædicta materia paucillum 
temporis steterat, in ea observabantur trilaterales figuræ ab utraque parte in aculeum desinentes, quibusdam 
longitudo minutissimæ arenæ, aliquæ aliquantulum majores, ut fig. A. Prætera, adeo nitidæ ac pellucidæ, ac si 
crystallinæ fuissent.”. English transcription: “And I mentioned the matter which stood for a short time, in which 
trilateral figures were observed from both sides ending in a sting, some in length of minute grains, some a little 
larger, as fig. A. Moreover, so sleek and translucent, as if it were crystalline.”. 

 

 

 

 

 

 

 

Figure 2. Molecular modeling of cyclooctaoxygen (cyclo-O8) and its Na+ complex [5], performed with 
ACD/Chem Sketch version 12.01 with integrated ACD/3D Viewer (Advanced Chemistry Development, 
Inc., Toronto, Ontario, Canada) and processed with Mercury 3.1 version 3.1.1 [The Cambridge 
Crystallographic Data Centre (CCDC), Cambridge, United Kingdom]. (A) The cyclo-O8 octagon (top, 
space-fill model; middle, crown conformation in D4d symmetry; bottom, octagon). (B) Molecular 
modeling of the square pyramidal (SPY-4)-cyclo-O8-Na+ crown complex. 
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Figure 3. Molecular modeling [ACD/Chem Sketch version 12.01 with integrated ACD/3D Viewer 
(Advanced Chemistry Development, Inc., Toronto, Ontario, Canada), Mercury 3.1 version 3.1.1 (The 
Cambridge Crystallographic Data Centre, Cambridge, United Kingdom)] of the postulated [5] first 
epigenetic shell of euchromatic in vivo DNA, as exemplified for a single-stranded hexanucleotide, 
introducing a molecular biological model for sperminium phosphate/cyclo-O8-Na+/ssDNA and 
sperminium selenite/cyclo-O8-Na+/ssDNA interactions. (A) The molecular model of the single-stranded 
hexanucleotide d(ApApApApApAp) liganded with cyclo-O8-Na+ and sperminium phosphate. (B) The 
molecular model of d(ApApApApApAp) liganded with cyclo-O8-Na+ and sperminium selenite. Element 
color codings for (A) and (B): gray, carbon; white, hydrogen; blue, nitrogen; red, oxygen; purple, 
phosphorus; green, sodium; yellow, selenium. 
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Figure 4. The chemical structures of cyclo-O8-Na+-containing complexes [5]. (A) The cyclo-O8-Na+-
containing complex NC synthesized by refluxing cytidine × HCl with ninhydrin under influence of 
atmospheric O2. (B) The cyclo-O8-Na+-containing complex dNC synthesized by refluxing 2‘-deoxycytidine 
× HCl with ninhydrin under influence of atmospheric O2. (C) The cyclo-O8-Na+-containing complex RC 
synthesized by biomimetic reaction with buffered 3% H2O2 as catalysed (catalase effect) by Candida utilis 
low-molecular weight RNA and NaHCO3 at ambient temperature and physiological pH. 
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Figure 5. Electrospray ionization mass spectrometry of RC [5]. Magnified (100 ×) section of the ESI–MS 
spectrum of RC dissolved in H2O/methanol from m/z 430 to m/z 760. Inset, magnified (20 ×) segment of 
the ESI–MS spectrum of RC from m/z 370 to m/z 430. The cluster cations of heptoxazocan-8-ium – 
octoxocane – Na35Cl (1:2:m) are marked (m = 0–6). Not marked are the +2 isotope peaks resulting from 37Cl 
instead of one 35Cl (m = 1–6). The origin of the heptoxazocan-8-iumyl – octoxocane (1:2) cluster radical 
cations (–2 peaks) is indicated in the inset. The cluster cations of [(cytidine)2 + Na + (NaCl)n]+ (n = 0–5) are 
marked with stars. 
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Figure 6. Thin-layer chromatographic mobility shift assay of the binding of NC to salmon testes ssDNA 
fragments (sonicated salmon testes genomic DNA) [5]. (1) Cytidine × HCl, incubation at RT for 1 h 15 
min, 40 µl solution on spot. (2) NC, incubation at RT for 1 h 15 min, 40 µl solution on spot. (3) Salmon 
testes ssDNA, 100 µl salmon testes ssDNA colloidal stock solution diluted with 300 µl H2O, incubation at 
RT for 55 min, 80 µl colloidal solution on spot. (4) Salmon testes ssDNA + NC, 700 µl salmon testes 
ssDNA colloidal stock solution added to 500 µl of NC stock solution, incubation at RT for 1 h, 80 µl 
colloidal solution on spot. (5) Salmon testes ssDNA + cytidine × HCl, 200 µl salmon testes ssDNA 
colloidal stock solution added to 500 µl of cytidine × HCl stock solution, incubation at RT for 1 h, 80 µl 
colloidal solution on spot. 
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Figure 7. Color assays for cyclo-O8-Na+ contained in RC, for the destruction of cyclo-O8-Na+ by the 
glyphosate metabolite (aminomethyl)phosphonic acid (AMPA) (left, 1–6), and for the potential reduction 
of elemental iodine by AMPA (right, A and B). Solutions (left, 1–6) were: KI (1), KI + starch (2),  RC + KI 
(3), RC + KI + AMPA (4), RC + KI + starch (5), and RC + KI + starch + AMPA (6). The concentrations in 
solution were: RC, 16.95 mM (with cyclo-O8-Na+, 67.79 mM); KI, 156.63 mM; AMPA, 99.06 mM. The 
solutions were incubated at two room temperatures for prolonged time. Afterwards (left, bottom row), 
both RC + KI (3) and RC + KI + AMPA (4) were extracted with deuterated chloroform (bottom phase), 
and (left, bottom row ) both RC + KI + starch (5) and RC + KI + starch + AMPA (6) were treated with L-
ascorbic acid. Legend: left, top row (1–6) = first photograph series; left, middle row (1–6) = second 
photograph series; left, bottom row (1–6) = third photograph series; right, top row (first photograph 
series): (A) AMPA (76.55 mM) + iodine (as I2, 78.80 mM), (B) iodine (as I2, 78.80 mM); right, bottom row 
(second photograph series): (A) AMPA (51.03 mM) + iodine (as I2, 52.53 mM), (B) iodine (as I2, 52.53 mM). 
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Figure 8. Explanation of the color reaction for cyclo-O8-Na+ contained in RC, and the destruction of cyclo-
O8-Na+ by the glyphosate metabolite (aminomethyl)phosphonic acid (AMPA). (A) The cyclo-O8-Na+ 
complex contained in RC reacted with potassium iodide under catalysis by potato starch to an intensely 
colored (reddish violet) [(cyclo-O8-Na+)2(I42–)] complex stabilized within the starch-contained amylose 
helix. (B) The proposed chemical formula for the amylose-complexed [(cyclo-O8-Na+)2(I42–)]: 
bis(octoxocane-4O1,O3,O5,O7)(-23,33-tetraioda-1,3-diene-I1:I4)disodium. (C) A logically 
deduced catalytic ‘rolling-circle’ mechanism for the AMPA-catalysed degradation of cyclo-O8-Na+. The 
cycloocytooxygen ring is split to a phosphonate-esterified nonaoxidanide which is stabilized by ionic 
binding to the primary ammonium cation of AMPA. The phosphonate-esterified nonaoxidanide 
eliminates four oxygen O2 molecules by a ‘rolling-circle’ cascade, regenerating AMPA. 
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Figure 9. Color assays for the destruction of cyclo-O8-Na+ contained in RC by glyphosate and 
ROUNDUP® GRAN (top, 1–5), for the potential reduction of elemental iodine by glyphosate and 
ROUNDUP® GRAN (bottom, A1, A2, and B), and for cyclo-O8-Na+ contained in NC (bottom, NC1 and 
NC2). Solutions (top, 1–5) were: RC + KI + starch (1), RC + KI + starch + glyphosate (free acid) (2), RC + KI 
+ starch + ROUNDUP® GRAN (3), RC + KI + glyphosate (free acid) (4), and RC + KI + ROUNDUP® 
GRAN (5). The concentrations in solution were: RC, 16.95 mM (with cyclo-O8-Na+, 67.79 mM); KI, 171.69 
mM; glyphosate, 100.55 mM; glyphosate-Na, 108.15 mM. The solutions were incubated at two room 
temperatures for prolonged time. Legend (bottom): (A1) glyphosate (free acid, 102.52 mM) + iodine (as I2, 
98.50 mM), (A2) ROUNDUP® GRAN (glyphosate-Na, 102.77 mM) + iodine (as I2, 98.50 mM), (B) iodine 
(as I2, 98.50 mM), (NC1, NC2) NC (18.25 mM, with cyclo-O8-Na+, 18.25 mM) + KI (259.04 mM) after 10 h 
(NC1) and 50 h (NC2) incubation. 

 

 

 

 

 

 

 
 
 

Figure 10. A logically deduced catalytic ‘rolling-circle’ mechanism for the (fully ionized) glyphosate-
catalysed degradation of cyclo-O8-Na+. The cycloocytooxygen ring is split to a phosphonate-esterified 
nonaoxidanide which is stabilized by ionic binding to the secondary ammonium cation of glyphosate 
(and complexation of the sodium cation). The phosphonate-esterified nonaoxidanide eliminates four 
oxygen O2 molecules by a ‘rolling-circle’ cascade, regenerating glyphosate. 
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Figure 11. The catabolism of AMPA by human peroxisomal alanine:glyoxylate aminotransferase (AGT). 
(A) Time course of the AMPA half-transamination reaction of human AGT. The enzyme at a 
concentration of 5 µM was incubated at 25 °C in 100 mM potassium phosphate buffer (pH 7.4). At the 
indicated times, aliquots were withdrawn and denatured. After removal of the precipitated protein by 
centrifugation, the supernatants were subjected to HPLC analysis (squares, PLP; circles, PMP). (B) The 
generation of phosphonoformate (foscarnet) from AMPA over the intermediate phosphonoformaldehyde 
by the rate-limiting transamination of the major environmental glyphosate metabolite AMPA. 
Phosphonoformaldehyde, seen as an glyoxylate analogue, could be oxidized by glycolate oxidase (GO) 
and lactate dehydrogenase (LDH) [73]. Foscarnet is a potent inhibitor of eukaryotic DNA polymerase  
[74,75], an enzyme crucially involved in maintaining chromosomal integrity and telomere length. 

 

 

 
 
 
 
 
 
 
 
 
 
 

Figure 12. The calculation of the apparent acid dissociation constant of the haploid human genome, and 
of the interphase intranuclear micro-pH values induced by human genome depending on its intrinsic 
epigenetic occupation status. (A) The calculation of the apparent (effective) pK′a,HG (25 °C) = 7.1849 of the 
haploid human genome according to the method of Katchalsky & Gillis [58] and Kuhn & Kuhn [59] [pK′a,HG 
= apparent acid dissociation constant (25 °C) of haploid H. sapiens genome B-DNA double helix; pKa,R–OH = 
1.29 = theoretical pKa (25 °C) [86] of one isolated internucleotide phosphodiester (R–OH) proton; s = 1 = 
number of statistical subunits on thread molecule [59]; j = 6 = number of spacing atoms (at least distance) 
in one dsDNA repeating unit [59]; b = 0.334 × 10-7 cm (0.334 ± 0.01 nm [87]) = length rise in cm of one B-
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DNA repeating unit (helix rise/bp) in solution; h= end–to–end distance of dsDNA at half-
neutralization; h0 = end–to–end distance of dsDNA]. (B) The theoretical micro-pH values surrounding H. 
sapiens haploid (and diploid) interphase euchromatin were calculated as the intranuclear micro-pH 
induced by human haploid (and diploid) genome treated as a weak acid, from pHDNA, pHspermine, and 
pHshell, by applying the formula for pH induced by weak acids: pH = – log10 (Ks × cs), or the formula for pH 
induced by weak bases: pH = – log10 [(Kw × Ks) × (cs)-1] (Ks, acid dissociation constant; Kw = 10-14). The 
intranuclear micro-pH was calculated by the law for the calculation of the solution pH induced by salts of 
weak acids with weak bases: pHsalt = 0.5 × (pHacid + pHbase). 
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Figure 13. An improved and corrected model for the cyclooctaoxygen sodium-bridged spermine 
phosphate (and selenite) epigenetic shell [5] of actively transcribed gene regions in eukaryotic interphase 
‘open’ chromatin DNA. (A) The nucleus of an eukaryotic cell with chromosome territories, chromatin 
fiber (10 nm ‘beads–on–a–string’ fiber), nucleosome structure, nucleosome octamer core histone proteins 
[H2A/H2B, H3/H3 variant, H4] with posttranslational histone protein modifications (histone PTM), and 
decondensing DNA with regulative cytosine nucleobase 5-methylation sites (me). Adapted and modified 
in part from [95]. (B) The decondensation of chromatin enabling gene transcription in eukaryotic 
interphase ‘open’ chromatin DNA. The relaxed chromatin, regulatory transcription factor, chromatin-
remodeling complex/histone acetyl transferases (HATs), and chromatin remodeling are indicated. The 
‘open’ DNA with the transcription-prone gene is generally structured in promoter, promoter-proximal 
genetic elements, transcribed/expressed gene exons and non-expressed gene introns. The 
cyclooctaoxygen sodium-bridged spermine phosphate (and selenite) epigenetic coverage of this actively 
transcribed gene region is symbolized. 
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Figure 14. A chemical mechanistic deduced logical scheme for the generation of kinetin (N6-furfuryl-9H-
adenine) [106] from DNA by proton catalysis (kinetin-generating “base flip”, KGBF). Protonation of the 
adenine nucleobase of the shown d(pApApAp) sequence at purine N-7 induces depurination [103,104], 
creating an apurinic site [103–105]. Proton-catalysed N-glycosylation [110,111] at the 6-NH2 of adenine 
regenerates a nucleobase-inverted 2’-deoxynucleotide which is in furanose ring-opening equilibrium with 
its ald(os)imine form. Two eliminations simultaneously follow, the first (auto-catalysed by 3’-O-
phosphate conjugate base proton reception) by SN2-nucleophilic eliminative epoxide formation, the 
second by proton-catalysed (auto-catalysed by the previously liberated 3’-O-monohydrogen phosphate 
conjugate acid) -elimination (E1 unimolecular elimination), which leads to an 3,4-epoxyolefin: N-
{(1E,2E)-3-[(2S)-oxiran-2-yl]prop-2-en-1-ylidene}-9H-purin-6-amine. The chiral (S)-2-vinyloxirane 
structure rearranges to a chiral (R)-2-alkyl-2,5-dihydrofuran due to 3,4-epoxyolefin rearrangement 
[111,112]: N-[(2R)-2,5-dihydrofuran-2-ylmethyl]-9H-purin-6-amine. The latter compound rearranges to 
kinetin through facile double bond migration driven by aromatization to a furan. A DNA single-strand 
break is left back. 
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