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Abstract 
Several potentially practical biochemical processes in plant systems still re-
main hidden, especially the NADH-glutamate dehydrogenase (GDH) synthe-
sis of nongenetic code-based RNA that optimizes crop nutritious yield by de-
grading superfluous genetic code-based RNA. In continued characterization 
of the biochemistry of cowpea grain yield, GDH was purified by electropho-
resis from seeds of cowpea treated with solutions of stoichiometric mixes of 
mineral salts. The GDH was made to synthesize RNAs in the amination 

(α-KG/NADH/ +
4NH ) and then in the deamination (L-Glu/NAD+) direction. 

The initial product RNAs were captured and sequenced. The grand challenge 
was to discover the specific molecular roles of the redox enzyme in the opti-
mization of cowpea grain yields. In the amination direction, the GDH hex-
amers synthesized plus-RNA, but in the deamination direction, they synthe-
sized minus-RNA. The plus-RNAs and minus-RNAs were homologous to 
about the same numbers of different mRNAs encoding the key enzymes that 
regulate photosynthesis; saccharide biochemistry and glycolysis; phenylpro-
panoid biosynthesis; nodulation nitrogen fixing processes; dehydrin drought 
and glutathione environmental stress resistance processes; purine, pyrimi-
dine, DNA, RNA and essential amino acid biosynthesis; storage protein vici-
lin accumulation; isoflavone earliness of cowpea maturity; peroxidase synthe-
sis of lignin and sequestration of CO2 to enrich soil organic carbon contents; 
triglyceride physiology in the biosynthesis of bioactive compounds that rend-
er cowpea resistant to insects and fungi; etc., all of which constitute the GDH 
chemical pathways for discrimination of biochemical, physiological, meta-
bolic, genetic reactions; and optimization of cowpea dry grain yields. Each 
stoichiometric mix of mineral salts produced optimally yielding biochemical 
variant of purple hull cowpea; the K + K + K mix was spectacular because it 
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increased the grain yield to 7598 kg from the 3644 kg∙ha−1 in the control 
cowpea. Optimized nutritious staple crop yield buttresses food security. The 
synthesis of plus-RNA in amination and minus-RNA in deamination is an 
economic tactical plan in biochemistry for the selection of superfluous 
mRNAs that would be degraded to assure the survival of cowpea growing 
under unfavorable environmental conditions. 
 

Keywords 
Stoichiometric Mineral Salt Mixes, Glutamate Dehydrogenase Cycle,  
Photosynthesis, Nodulation, Vicilin, Double Grain Yields, Food Security 

 

1. Introduction 

Cowpea (Vigna unguiculata L. Walp) is a primary source of cholesterol-free die-
tary protein throughout the world; it is an important cover/forage crop; breeding 
programs have optimized environment-resilient cultivars [1] [2]; and its mole-
cular markers have been characterized [3]. It is not surprising therefore that 
global production of this important staple crop increased from 1 million tonnes 
in 1971 to 7 million tonnes in 2014, and the yield (kilogram per hectare) increased 
from 237 to 614 in the same period [1]. The dry grain yields [4] of genetically im-
proved cultivars are the highest in the USA (1790 kg∙ha−1 average) and China 
(1038 kg∙ha−1), but the lowest in the Sub-Sahara Africa (299 kg∙ha−1). South Asians, 
Caribbeans, Latin Americans, and Sub-Saharan Africans consume [1] more cow-
peas (33g per capita per day) than Europeans (7g per capita per day). New cowpea 
varieties that are resistant to insect pests, parasitic weeds, nematodes, bacterial pa-
thogens, viruses, and fungal diseases have been released but production con-
straints in small holder farms remain unsolved [5] [6]. Quantities of atmospheric 
nitrogen fixed, and CO2 sequestered into the soil by the cover crop in parts of 
Sub-Sahara Africa are also very low [7] [8]. Therefore, there is the need to im-
prove the dry grain yields of this important nutritious staple crop of the world 
by applying other biotechnologies to support plant breeding efforts, without 
cultivation of more land area. Food security is best buttressed by boosting the 
yields of nutritious staple crops without increasing man-hour inputs. In that 
way, nutritious food becomes an affordable common commodity. 

In the light of the above inexplicably variable yield phenomena, cowpea could 
possess a complex molecular biology. An aim of this research program was to 
begin to decipher cowpea molecular biology and to optimize, and maximize the 
dry grain yield by applying the NADH-glutamate dehydrogenase-based crop 
nutritious yield doubling biotechnology [9]-[16].  

Glutamate dehydrogenase (GDH; EC 1.4.1.2) has a complex chemical reaction 
mechanism [9]. In the narrow context, it is a redox enzyme catalyzing the reduc-
tive amination of α-ketoglutarate (α-KG) in the forward direction, and the oxid-
ative deamination of L-glutamate in the reverse direction. In addition, it poly-
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merizes ribonucleoside triphosphates independent of any template to produce 
nongenetic code-based RNA that degrades total RNA [10]. GDH is easily in-
duced to synthesize RNA by a wide range of environmental factors including soil 
organic carbon content, cellular intermediary biochemicals, biotic stress factors, 
mineral ions, drought, temperature extremes, agricultural chemicals, etc. [17] 
[18] [19]. 

GDH has a complicated mixture of hexameric isoenzymes with different isoe-
lectric point (pI) values [20] [21] [22] [23]. The RNAs synthesized by the alka-
line isoenzymes (β6) have high A + T contents, the RNAs synthesized by the 
acidic isoenzymes (a6, and α6) have high G + C contents [21]. It is expected that 
further understanding of GDH chemical mechanisms will unravel the complex 
molecular biology of cowpea and lead to the optimization of its dry grain yield. 

2. Materials and Methods 

2.1. Stimulation of NADH-GDH Activity in Cowpea 

GDH synthesis of RNA was enhanced by treatment of cowpea with stoichiome-
tric mineral salt solutions [16]. Cowpea (Vigna unguiculata purple hull) seeds 
were planted in 120 × 120 × 30 cm (width × length × depth) raised beds, each 
filled with 3 bags of professional growing mix (Sungro Horticulture, Bellevue, 
Washington, USA) mixed with 2 bags of organic matter-rich top soil (Landsca-
pers Pride, New Waverly, Texas, USA) to create healthy soil. Each raised bed was 
placed on level ground in the field on a weed-blocking plastic mat. About 25 
seeds were planted per bed in May 2014. There was replanting to make up for 
the few ungerminated seeds. The applied stoichiometric mineral salt composi-
tions were based on the model molar combinations mimicking the GDH hex-
americ isoenzymes [11] that rapidly activate the plant’s GDH. Twenty eight dif-
ferent stoichiometric mineral salt treatments (Table 1) were used, each one stu-
died in duplicate raised beds to make a total of 56 beds. A liter of stoichiometric 
mineral salts solution was applied to each bed three times: first at 2 weeks after 
seed germination, again at flowering stage, and finally at post flowering stage. 
The commercial fertilizer was 200 g of triple 15 applied one time to the raised 
bed at 2 weeks after seed germination. Pods matured in two phases. The early 
maturing pods were harvested at 8 - 9 weeks when the pods turned yellow; the 
slow maturing pods were harvested when the cowpea leaves turned yellow. Pods 
were harvested per bed, manually shelled, dry grain was weighed separately, and 
the grains were stored at room temperature.  

2.2. Multi-Dimensional Electrophoretic Purification of GDH  
Hexameric Isoenzymes 

GDH was purified from cowpea seeds (30 g) harvested from the control or min-
eral salts-treated raised beds according to Rotofor isoelectric focusing method 
[23]. The isoelectric focusing ampholyte was Bio-Rad’s Bio-Lyte 3/10. Ribonuc-
lease A (1 unit per ml of the extraction buffer solution), and deoxyribonuclease 1  

https://doi.org/10.4236/ajps.2021.121006


G. O. Osuji et al. 
 

 

DOI: 10.4236/ajps.2021.121006 74 American Journal of Plant Sciences 
 

Table 1. Dry grain yield of purple hull cowpea (Kg∙Ha−1). 

Stoichiometric Mineral Salt Mixes Early Harvest 2nd Harvest Total yield 

1) K + K + K (12 mM KCl solution) 2965 ± 105 3633 ± 140 7598 ± 122 

2) N + N + P + K (50 mM NH4Cl plus 20 mM Na2HPO4 plus 4 mM KCl solution) 3600 ± 120 2960 ± 114 6560 ± 109 

3) S (50 mM Na2SO4 solution) 4060 ± 166 1884 ± 107 5944 ± 129 

4) K + K + S (8 mM KCl plus 50 mM Na2SO4 solution) 3297 ± 213 2556 ± 90 5853 ± 150 

5) K + K (8 mM KCl solution) 3755 ± 101 2018 ± 80 5773 ± 83 

6) N + P + K (25 mM NH4Cl plus 20 mM Na2HPO4 plus 4 mM KCl solution) 3191 ± 130 2556 ± 81 5748 ± 121 

7) K + K + N (8 mM KCl plus 25 mM NH4Cl solution) 3559 ± 190 2018 ± 94 5570 ± 140 

8) P + P + K (40 mM Na2HPO4 plus 4 mM KCl solution) 2335 ± 82 3229 ± 110 5564 ± 91 

9) Regular Fertilizer (triple 15) 2846 ± 143 2634 ± 156 5469 ± 148 

10) K + N (4 mM KCl plus 25 mM NH4Cl solution) 3553 ± 150 1884 ± 69 5436 ± 94 

11) P + P + N (40 mM Na2HPO4 plus 25 mM NH4Cl solution) 3937 ± 119 1480 ± 76 5417 ± 86 

12) P + K (20 mM Na2HPO4 plus 4 mM KCl solution) 3497 ± 101 18847 ± 90 5381 ± 95 

13) K + K + P + S (8 mM KCl plus 20 mM Na2HPO4 plus 50 mM Na2SO4 solution) 3455 ± 120 17496 ± 220 5204 ± 194 

14) P + N (20 mM Na2HPO4 plus 25 mM NH4Cl solution) 2363 ± 120 2691 ± 109 5054 ± 112 

15) N + N + S (50 mM NH4Cl plus 50 mM Na2SO4 solution) 3759 ± 109 1211 ± 63 4970 ± 95 

16) N + P + K + S (25 mM NH4Cl plus 20 mM Na2 HPO4 plus 4 mM KCl plus 50 mM Na2SO4 solution) 3551 ± 103 1345 ± 66 4897 ± 81 

17) P + K + S (20 mM Na2HPO4 plus 4 mM KCl plus 50 mM Na2SO4 solution) 2998 ± 78 1884 ± 69 4882 ± 71 

18) K (4 mM KCl solution) 3621 ± 61 1211 ± 59 4832 ± 58 

19) N + P + K + K (25 mM NH4Cl plus 20 mM Na2HPO4 plus 8 mM KCl solution) 2295 ± 30 2287 ± 80 4583 ± 61 

20) K + K + P (8 mM KCl plus 40 mM Na2HPO4 solution) 3085 ± 88 1345 ± 89 4431 ± 87 

21) K + S (4 mM KCl plus 50 mM Na2SO4 solution) 3331 ± 94 1076 ± 52 4407 ± 70 

22) P (20 mM Na2HPO4 solution) 3162 ± 35 1076 ± 47 4238 ± 41 

23) N + N (50 mM NH4Cl solution) 2750 ± 66 1480 ± 81 4235 ± 473 

24) N (25 mM NH4Cl solution) 2199 ± 44 2018 ± 71 4217 ± 56 

25) P + S (20 mM Na2HPO4 plus 50 mM Na2SO4 solution) 3274 ± 79 942 ± 39 4215 ± 45 

26) K + K + K + P (12 mM KCl plus 20 mM Na2HPO4 solution) 2984 ± 28 1211 ± 95 4195 ± 58 

27) N + S (25 mM NH4Cl plus 50 mM Na2SO4 solution) 2232 ± 45 1749 ± 79 3981 ± 51 

28) Control 2433 ± 60 1211 ± 79 3644 ± 64 

29) USA Farmers’ Yield   1984 [81] 
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(2 Units per ml of the extraction buffer solution) were added to the 0.1 M 
Tris-HCl pH 8 extraction buffer [22] [23] [24]. After isoelectric focusing, the pH 
values of the Rotofor fractions were recorded before the fractions were dialyzed 
to remove the urea and ampholyte. Aliquots (200 µL) of the dialyzed Rotofor 
fractions were subjected to native 7.5% polyacrylamide gel electrophoresis (Bio-Rad 
protean II xi cell) in duplicate. After the gel electrophoresis, one gel was stained 
with the phenazine methosulfate-glutamate-NAD+-tetrazolium bromide solution 
[22] in order to locate the positions of the GDH isoenzymes. GDH isoenzyme 
distribution pattern in the gel landscape was photo-documented. Using the 
stained gel as guide/template on a lightbox, the location of the GDH isoenzymes 
was excised from the duplicate electrophoresed gel [25]. The GDH isoenzymes 
were electro-eluted in 0.05 M Tris-HCl solution from the excised piece of gel 
using Bio-Rad mini whole gel eluter at −20˚C [26]. The fractions from the whole 
gel eluter were not combined. 

2.3. Synthesis of Cowpea Nongenetic Code-Based RNA Enzyme 

RNA synthetic activity of cowpea GDH hexameric isoenzymes was assayed in 
the amination substrate and deamination substrate solutions in separate tubes 
[12] [27]. The fractions from Bio-Rad whole gel eluter were combined as follows 
to make 6 groups:  

Group 1: very acidic isoenzymes (pI 4.2) whole gel fractions 1 and 2. 
Group 2: acidic isoenzymes (pI 5.1) whole gel fractions 3 and 4. 
Group 3: mildly acidic isoenzymes (pI 6.3) whole gel fractions 5 and 6. 
Group 4: neutral isoenzymes (pI 7.2) whole gel fractions 7 and 8. 
Group 5: mildly alkaline isoenzymes (pI 8.0) whole gel fractions 9 and 10. 
Group 6: alkaline isoenzymes (pI 8.5) whole gel fractions 11, 12, and 13.  
For demonstrating the arrays of RNA synthesized in the amination direction, 

the substrate solutions were prepared in 0.1 M Tris-HCl buffer (pH 8.0) con-
taining the four ribo-NTPs (0.6 mM each), CaCl2 (3.5 mM), NH4Cl (0.875 mM), 
α-ketoglutarate (10.0 mM), NADH (0.225 mM), 5 Units RNase inhibitor, 10 
Units of DNase 1, and 5 µg of actinomycin D. The reaction cocktails were setup 
in six 15 mL centrifuge tubes on ice bath. The centrifuge tubes were numbered 
groups 1 to 6 for the GDH isoenzymes. Reaction was started by adding 0.4 mL of 
whole gel-eluted GDH isoenzymes containing 5 - 11 µg protein per mL to the 
respective centrifuge tube. In order to capture the initial product RNA enzymes 
synthesized, reactions were incubated at 16˚C for only 60 min and stopped by 
phenol-chloroform (pH 5.5) removal of the proteins [28]. The RNA enzyme was 
precipitated with ethanol, the RNA was pelleted (6000 g, 15 min), the pellet was 
air-dried to remove phenol and ethanol, then dissolved in minimum volume of 
molecular biology quality water; and stored at −20˚C before use. RNA enzyme 
yield and quality were verified by photometry and by agarose gel electrophoresis 
using RNA molecular weight markers as standards. The agarose gel was stained 
with ethidium bromide solution, and the RNA yield/distribution pattern was 
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photo-documented. 
In the deamination direction, the substrate solutions were prepared in 0.1 M 

Tris-HCl buffer pH 8.6 containing the four ribo-NTPs (0.6 mM each), CaCl2 (3.5 
mM), L-glu (3.23 µM), NAD+ (0.375 µM), 5 Units RNase inhibitor, 10 Units 
DNase 1, and 5 µg of actinomycin D [25]. The reaction cocktails were similarly 
setup in six 15 mL centrifuge tubes on ice bath. The centrifuge tubes were la-
beled groups 1 to 6 for the GDH isoenzymes. Reaction was started by adding 0.4 
mL of whole gel-eluted GDH charge isomers containing 5 - 11 µg protein per 
mL to the respective centrifuge tube. The purified GDH isoenzymes were same 
as those used for the amination reaction. In order to capture the initial product 
RNAs synthesized, reactions were incubated at 16˚C for only 60 min, and stopped 
by phenol-chloroform (pH 5.5) removal of the proteins. The RNA enzyme was 
precipitated with ethanol, the RNA was pelleted (6000 g, 15 min), the pellet was 
air-dried, and dissolved in minimum volume of molecular biology quality water; 
and stored at −20˚C before use. RNA enzyme yield and quality were verified by 
photometry and by agarose gel electrophoresis using RNA molecular weight 
markers as standards. The agarose gel was stained with ethidium bromide solu-
tion, and the RNA yield/distribution pattern was photo-documented. 

Deamination and amination assays were carried out in duplicate (from the fast 
maturing seeds harvested) to verify the reproducibility of the growth of the crops 
and of the GDH assays. The GDH isoenzyme patterns for the duplicate seed 
harvest per experimental treatment of cowpea were similar. Duplicate seed yields 
that gave similar/identical GDH patterns per experimental treatment were then 
combined for other downstream analyses. GDH purification and GDH synthesis 
of RNA were completed within 3 weeks after cowpea seeds were harvested. 

2.4. Complementary DNA Synthesis and Sequencing 

cDNAs were synthesized with 2 µg of each product RNA synthesized by the 
whole gel-eluted GDH isoenzymes in the deamination direction, and amination 
direction, using random hexamer primer. Digestion of the cDNA with taq 1 re-
striction enzyme; adapter and linker ligations to the restriction fragments; re-
striction fragment PCR amplification; sequencing gel fractionation; and purifi-
cation of cDNA fragments [12] were conducted according to the methods of 
Display Systems Biotech, Vista, CA, USA. Selected cDNA fragments were sub-
cloned into pCR4-TOPO vector and transformed into TOP10 One Shot Chemi-
cally Competent Escherichia coli (Invitrogen, Carlsbad, CA), followed by over-
night growth on selective plates. Up to ten positive transformant colonies were 
picked per plate and cultured overnight in LB medium containing 50 µg/mL of 
kanamycin. Plasmid DNA was purified with a plasmid kit (Novagen, Madison, 
WI). The insert cDNA was sequenced with T3 and T7 primers by Genemed 
Synthesis, Inc. (South San Francisco, CA, USA), and Functional Biosciences, Inc. 
(Madison, WI, USA). To identify the GDH-synthesized RNAs that were homo-
logous to genetic code-based RNAs (mRNAs, tRNAs, and rRNAs) the cDNA 
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sequences were used as queries to search the NCBI nucleotide-nucleotide (ex-
cluding ESTs) BLAST (blastn), and non-redundant protein translation (blastx) 
databases. 

3. Results and Discussion 
3.1. GDH Hexameric Isoenzyme Population 

The two-dimensional electrophoretic purifications lined-up the cowpea GDH 
hexameric isoenzyme populations to a single horizontal row (Figure 1). But the 
intensities of individual hexamer bands were different from one stoichiometric 
mix of mineral nutrient treatment of the crop to the other. This is typical of 
GDH as it synthesizes RNAs and permutates the genetic, biochemical and physi-
ological pathways in response to mineral nutrient composition and concentra-
tion [29].  

3.2. RNAs Synthesized by GDH 

They were low molecular weight RNAs, all of them being lower than 3 kilobases 
both in the deamination and amination directions (Figure 2) unlike in the pea-
nut where the RNAs synthesized in the deamination direction were sharply dif-
ferent in molecular weight from those synthesized in the amination direction [27].  
 

 
Figure 1. Stoichiometric mineral nutrient-induced isomerization of cowpea GDH. GDH 
hexameric isoenzymes were isolated from equal weights of cowpea seeds harvested from 
control-untreated and from mineral nutrient-treated cowpeas; using Tris-HCl buffer 
cocktail containing RNase A, and DNase 1. In each case, an equal volume of the GDH 
was subjected to Rotofor isoelectric focusing (IEF) to its vertical bands of hexameric 
isoenzymes. The pI values of the Rotofor fractions were recorded. After dialyzing the 
fractions, fraction numbers 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16 were fractionated by na-
tive polyacrylamide gel electrophoresis to the horizontal row of bands. The GDH hex-
americ isoenzyme profile was visualized by activity staining of the electrophoresed gel 
using tetrazolium bromide reagent. 
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Figure 2. Nongenetic code-based RNAs synthesized by the GDH of control and stoichi-
ometric mineral nutrient-treated cowpeas. The amination reaction cocktail contained 
NADH, α-KG, the four ribo-NTPs, CaCl2, 5 Units of RNase inhibitor, 10 Units of DNase 
1, 5 µg of actinomycin D, and NH4Cl in 0.5 mL Tris-HCl buffer pH 8.0. Deamination 
reaction cocktail contained the four ribo-NTPs, CaCl2, L-glu, NAD+, 5 Units of RNase in-
hibitor, 10 Units of DNase 1, and 5 µg of actinomycin D in 0.5 mL Tris-HCl buffer pH 
8.6. GDH hexameric isoenzymes (about 5 µg) purified from the seeds of control and 
mineral nutrient-treated cowpea were added to each reaction. Reactions were incubated 
at 16˚C for 1 h. Product RNAs were electrophoresed through 2% agarose gel. XX is the 
RNA molecular weight marker. #1is the very acidic GDH isoenzymes (pI 4.2), #2 is the 
acidic isoenzymes (pI 5.1), #3 is the mildly acidic isoenzymes (pI 6.3), #4 is the neutral 
isoenzymes (pI 7.2), #5 is the mildly alkaline isoenzymes (pI 8.0), #6 is the alkaline isoen-
zymes (pI 8.5). a is the RNA synthesized in the amination; d is the RNA synthesized in 
the deamination cocktail. 

 
The RNase and DNase that were added to the GDH extraction buffers hydro-
lyzed all the genetic code-based nucleic acids in the cowpea, and assured that the 
resulting oligonucleotide products were removed during the multi-dimensional 
electrophoretic purification of GDH hexamers. 

3.3. Sequencing Gel Fractionation and Sequences of the  
Restriction Fragments 

GDH amination reaction (left side) and deamination reaction (right side) were 
molecularly demonstrated in chemistry, visually real-time (Figure 3). The cDNA 
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bands in Figure 3 lane A were reverse-transcribed from the RNAs synthesized in 
the aminating direction by the acidic GDH isoenzymes (pI 5.1); whilst the cDNA 
bands in Figure 3 lane E were reverse-transcribed from the RNAs synthesized in 
the deaminating direction by the same pI 5.1 GDH isoenzymes. In this molecu-
lar chemistry approach, GDH amination was physically separated from the dea-
mination reaction without introduction of any inhibitors into the reactions [9] 
[22]. 

The cDNA bands in Figure 3 lane B were reverse-transcribed from the RNAs 
synthesized by the mildly acidic GDH isoenzymes (pI 6.3) in the aminating di-
rection; whilst the bands in Figure 3 lane F were reverse-transcribed from the 
RNAs synthesized by same mildly acidic GDH isoenzymes (pI 6.3) in the dea-
minating direction. 

The cDNA bands in Figure 3 lane C were reverse-transcribed from the RNAs 
synthesized by the neutral GDH isoenzymes (pI 7.2) in the aminating direction; 
whilst the bands in Figure 3 lane G were reverse-transcribed from the RNAs 
synthesized by same pI 7.2 neutral GDH isoenzymes in the deaminating direction. 
 

 
Figure 3. Differential display of the RNAs synthesized by cowpea GDH. The RNAs syn-
thesized by the acidic isoenzymes (pI 5.1) in the amination direction (lane A), and dea-
mination direction (lane E); mildly acidic isoenzymes (pI 6.3) in the amination direction 
(lane B), and deamination direction (lane F); neutral isoenzymes (pI 7.2) in the amination 
direction (lane C), and deamination direction (lane G); mildly alkaline isoenzymes (pI 
8.0) in the amination direction (lane D), and deamination direction (lane H) were used 
for cDNA synthesis using random hexamer primers. The cDNAs were digested with taq 1 
restriction enzyme, the fragments were amplified by Double Differential PCR method, 
and the products were fractionated on sequencing polyacrylamide gel. The nucleotide 
sequences of the numbered bands are in Table 2. 
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The cDNA bands in Figure 3 lane D were reverse-transcribed from the RNAs 
synthesized in the aminating direction by the mildly alkaline GDH isoenzymes 
(pI 8.0); whilst the bands in Figure 3 lane H were reverse-transcribed from the 
RNAs synthesized in the deaminating direction by same pI 8.0 mildly alkaline 
GDH isoenzymes. 

The similarities in the GDH isoenzyme bands (Figure 1), and in the molecu-
lar weights of the nongenetic code-based oligonucleotide RNAs they synthesized 
(Figure 2) also characterized the cDNA band distribution patterns in the se-
quencing gel (Figure 3). But the apparently similar restriction fragment bands 
were made up of oligonucleotides of different nucleotide sequences (Table 2).  

cDNA band #3, reverse-transcribed from the RNA synthesized in the aminat-
ing conditions shared plus/minus sequence homology with cDNA band #4 that 
was reverse-transcribed from the RNA synthesized in the deaminating condi-
tions (Table 2, and Figure 3). 

cDNA band #3, reverse-transcribed from the RNA synthesized under aminat-
ing conditions shared plus/minus sequence homology with cDNA band #5, re-
verse-transcribed from the RNA synthesized under deaminating conditions.  

 
Table 2. mRNAs that are homologous to RNA enzymes synthesized by cowpea glutamate dehydrogenase isoenzymes. 

Plasmid 
(S/N) 

RNA Enzyme Nucleotide Sequences mRNAs Homologous to the RNA Enzymes 

1 

ctggtctcgtagactgcgtacccggtcaggactcat 
cgctactggtctcgtagactgcgtaatcggtcagga 
ctcatcactactggtctcgtagactgcgtaccagcc 
tggtaaggttcttcgcgttgattcggtcaggactcataa 

a) NADH-plastoquinone oxidoreductase: ref|YP_006460330.1|;  
b) Phenylalanine ammonia-lyase gb|AAD45384.1|;  
c) Phosphoribosylformylglycinamidine cyclo-ligase: 
sp|P52424.1|PUR5_VIGUN;  
d) Phosphoribosylpyrophosphate amidotransferase: gb|AAC24007.1| 

2 
actggtctcgtagactgcgtaccggcctggtaaggttcttcgcgttga 
ttcggtcaggactcat 

a) Alternative oxidase gb|ABM66368.1|;  
b) Dehydrin gb|AF159804.1|AF159804; 
c) Formylglycinamide ribonucleotide amidotransferase gb|AAL55431.1|; 
d) Phenylalanine ammonia-lyase gb|AAD45384.1|;  
e) Phosphoribosylpyrophosphate amidotransferase gb|AAC24007.1|.  

3 

gggtcatagcggcgcgaaatcgcccttatgagtcctga 
ccgaatcaacgcgaagaaccttaccaggccggtacgc 
agtctacgagaccagtagtgatgagtcctgaccgatt 
acgcagtctacgagaccagtagctatgagtcctgacc 
gaatccgggtacgcagtctacgagaccagtaa 

a) Calcium exchanger protein gb|JQ731678.1|; 
b) Digalactosyldiacylglycerol synthase: gb|ABA55727.1|  
c) Glutathione reductase : gb|DQ267474.1| 
d) NADH-plastoquinone oxidoreductase ref|YP_006460330.1|;  
e) Sulfoquinovosyldiacylglycerol synthase: gb|DQ205522.1| 

4 
ggtaattgcgggcgcgaattcgcccttactggtctcgtaga 
ctgcgtaccggcctggtaaggttcttcgcgttgattcggtca 
ggactcata 

a) Alternative oxidase gb|ABM66368.1|;  
b) Ascorbate peroxidase (chloroplast stroma) gb|AAS55853.1|;  
c) Ascorbate peroxidase (chloroplast thylakoid): gb|AAS55852.1|;  
d) Cytochrome b6: ref|YP_006460372.1|;  
e) Formylglycinamide ribonucleotide amidotransferase (pur4) 
gb|AAL55431.1|; 
f) NADH-plastoquinone oxidoreductase ref|YP_006460330.1|;  
g) Phenylalanine ammonia-lyase gb|AAD45384.1|;  
h) Phosphoribosylpyrophosphate amidotransferase gb|AAC24007.1|;  
i) Starch synthase emb|CAB40374.1| 
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Continued  

5 
actggtctcgtagactgcgtacccgaatggattggaaagga 
atagaatggaatggaatggaatcgactcaaatggaatggac 
tagaatggaatggattcggtcaggactcata 

a) Aminoimidazole ribonucleotide synthase (pur5) 
gb|U30895.1|VUU30895;  
b) Ascorbate peroxidase gb|AAS46016.1|;  
c) Ascorbate peroxidase (chloroplast stroma) gb|AY484493.1|; 
d) Asparagine synthase dbj|BAM93579.1|;  
e) Glycin-rich protein emb|X87948.1|;  
f) Phenylalanine ammonia-lyase gb|AAD45384.1|; 
g) Glycinamide ribonucleotide synthase (pur2) 
gb|U30896.1|VUU30896; 
h) Phenylalanine ammonia-lyase: gb|AF165998.1|AF165998;  
i) Phosphoribosylpyrophosphate amidotransferase (pur1) 
gb|AF071862.2|; 
j) Ribulose-bisphosphate carboxylase/oxygenase gb|AER24546.1|;  
k) Starch synthase emb|AJ225088.1|;  
l) Vicilin : emb|AM905848.1|; 
m) Asparagine synthase dbj|AB779664.1| 
n) Isoflavone synthase 2: gb|EU737111.1| 

6 

ataaggggtctttgcgggcgcgtatcgccgtattgagtcctgaccgaat 
caacgcgaagaaccttaccaggccggtacgcagtctacgagacc 
agtagtatgagtcctgaccgattacgcagtctacgagaccagtagct 
atgagtcctgaccgaatccgggtacgcaatc aacgagaccag 

a) Apoprotein A2 P700 photosystem 1 ref|YP_006460336.1|; 
b) Aspartic proteinase gb|AF287258.1|; 
c) Cytochrome b6 ref|YP_006460372.1|;  
d) Glutathione reductase gb|DQ267474.1|. 

7 

ataaggggtctttgcgggcgcgtatcgccgtattgagtcctgaccgaatcaacgcg 
aagaaccttaccaggccggtacgcagtctacgagaccagtagtgatgagtcctgacc 
gattacgcagtctacgagaccagtagctatgagtcctgaccgaatccgggtacgcaat 
caacgagaccagtaag  

a) Calcium exchanger protein gb|KC404642.1|; 
b) Glutathione reductase gb|DQ267474.1|; 
c) Starch synthase: gb|ABP35818.1| 

8 

gggtatagcggncgcgnattcgcccttactggtctcgtagactgcg 
tacccgatgcagaaggcgggaaaacatgaaatgagcgtcaagca 
ggccgtgaaggttgccgagcttttgaagtgcaacccgatggaggt 
tatctgcggggtgatgtttcaccaggacgtaatggagcgggattt 
ctggacggacattttccagcagacagtcaccgaaaacgaccgcc 
gccactacttcaagaaggtttaggcaggctttcggtcaggactcataa 

a) Aminoimidazolecarboximide ribonucleotide-transformylase/ 
inosine monophosphate cyclohydrolase gb|AY193836.1|;  
b) Glycinamide ribonucleotide synthetase (pur2) 
gb|U30896.1|VUU30896;  
c) Isoflavone synthase gb|EU616499.1|; 
d) Shatterproof-like protein gb|AEO89558.1| 

9 

gcgtaataggcggcgcgaattcgcccttactggtctcgtagactgcgta 
cccgatgcagaaggcgggaaaacatgaaatgagcgtcaagcaggccg 
tgaaggttgccgagcttttgaagtgcaacccgatggaggttatctgcgg 
ggtgatgtttcaccaggacgtaatggagcgggatttctggacggacatt 
ttccagcagacagtcaccgaaaacgaccgccgccactacttcaagaag 
gtttaggcaggctttcggtcaggactcata 

a) Aminoimidazolecarboximide ribonucleotide-transformylase/ 
inosine monophosphate cyclohydrolase gb|AY193836.1|; 
b) Apyrase dbj|AB196770.1|;  
c) Glycinamide ribonucleotide synthetase (pur2) 
gb|U30896.1|VUU30896;  
d) Glycinamide ribonucleotide tranformylase (pur3) gb|AY189138.1|;  
e) Shatterproof-like protein gb|AEO89558.1|;  
f) Starch synthase gb|ABP35818.1|. 

10 
ggctaatagcggcgcgaattcgcccttatgagtcctgaccgaatcaacg 
cgaagaaccttaccaggccggtacgcagtctacgagaccagt 

a) Drought inducible protein dbj|D83972.1|; 
b) Formylglycinamide ribonucleotide amidotransferase 
gb|AAL55431.1|; 
c) Fructokinase: gb|HM211406.1|; 
d) Phenylalanine ammonia-lyase gb|AAD45384.1|;  
e) Phosphoribosylpyrophosphate amidotransferase gb|AAD45384.1| 
f) Apyrase dbj|BAD80836.1| 
g) ɣ-ATP synthase sp|Q2LGZ2.1|ATPG_VIGUN 
h) Ferric leghemoglobin reductase gb|AF181096.1|AF181096 
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Continued  

11 

ggggaatagcgggcgcgtattcgcccttactggtctcgtagactgcgtacccgatg 
cagaaggcgggaaaacatgaaatgagcgtcaagcaggccgtgaaggttgccgag 
cttttgaagtgcaacccgatggaggttatctgcggggtgatgtttcaccaggacgtaa 
tggagcgggatttctggacggacattttccagcagacagtcaccgaaaacgaccgc 
cgccactacttcaagaaggtttaggcaggctttcggtcaggactcataa 

a) Isoflavone synthase 1 gb|EU737110.2| 

12 

gcgtcatagcggcgcgaattcgcccttactggtctcgtagactgcgtacccgatgcag 
aaggcgggaaaacatgaaatgagcgtcaagcaggccgtgaaggttgccgagctttt 
gaagtgcaacccgatggaggttatctgcggggtgatgtttcaccaggacgtaatgga 
gcgggatttctggacggacattttccagcagacagtcaccgaaaacgaccgccgcca 
ctacttcaagaaggtttaggcaggctttcggtcaggactcataa 

a) Apyrase: gb|AF156781.1|AF156781; 
b) Carbonic anhydrase: gb|JQ429799.2|;  
c) 4-Coumarate:coenzyme A ligase 7: gb|KF303292.1|;  
d) Glycine-rich cell wall protein 1.8 emb|X13596.1|; 
e) Glycinamide ribonucleotide synthase (pur3) gb|AF160196.2|;  
f) Isoflavone synthase 1: gb|EU737110.2| 

13 
ggatatagcggncgcgnattcgcccttactggtctcgtagactgcgtacccggtcag 
gactcatcgcttctggtctcgtagactgcgtaatcggtcaggactcatcactactggtc 
tcgtagactgcgtaccggcctggtaaggttcttcgcgttgattcggtcaggactcataag 

Glutathione reductase gb|DQ267474.1| 

14 
gggtcatagcggcgcgaattcgcccttatgagtcctgaccgaaagctatgagtcc 
tgaccgagtacgcagtctacgagaccagtagcgatgagtcctgaccgggtacgca 
gtctacgagaccagta 

a) Calcium exchanger protein gb|JQ731678.1|; 
b) Delta 1-pyrroline-5-carboxylate synthase dbj|AB518058.1|;  
c) Glutathione reductase gb|DQ267474.1|. 

15 

gggtaaatagcggcgcgaattcgcccttactggtctcgtagactgcgtacccgatgca 
gaaggcgggaaaacatgaaatgagcgtcaagcaggccgtgaaggttgccgagcttt 
tgaagtgcaacccgatggaggttatctgcggggtgatgtttcaccaggacgtaatgg 
agcgggatttctggacggacattttccagcagacagtcaccgataacgaccgccgcc 
actacttcaagaaggtttaggcaggctttcggtcaggactcataa 

a) Apyrase gb|AF156781.1|AF156781;  
b) Extensin emb|X91836.1|; 
c) Lectin precursor emb|AJ621421.1| 

16 

gggtaatagcggcgcgaattcgcccttactggtctcgtagactgcgtact 
cggtcaggactcatcgctactggtctcgtagactgcgtacccggtcagga 
ctcgtcactactggtctcgtagactgcgtaccggcctggtaaggttcttc 
gcgttgattcggtcaggactc 

a) Phosphoenolpyruvate carboxylase gb|ACO48250.1|; 
b) Triacylglycerol lipase 1 gb|ADY38373.1| 

17 

gcgtgatagcggcgcgaaatcgcccttactggtctcgtagactgcgtacccgatg 
cagaaggcgggaaaacatgaaatgagcgtcaagcaggccgtgaaggttgccga 
gcttttgaagtgcaacccgatggaggttatctgcggggtgatgtttcaccaggacg 
taatggagcgggatttctggacggacattttccagcagacagtcaccgataacga 
ccgccgccactacttcaagaaggtttaggcaggctttcggtcaggactcataa 

a) Apyrase gb|AF156781.1|AF156781;  
b) Drought inducible protein: dbj|D83970.1|; 
c) Isoflavone synthase 1 gb|EU737110.2|;  
d) Lectin precursor emb|AJ621421.1| 

18 
gggtatagcggncgcgcattcgcccttatgagtcctgaccgaatcaacgcgaagaa 
ccttaccaggccggtacgcagtctacgagaccagta 

a) Cytochrome b6 gb|AEP94890.1|;  
b) Formylglycinamide ribonucleotide amidotransferase 
gb|AAL55431.1|; 
c) NADH-plastoquinone oxidoreductase ref|YP_006460330.1|;  
d) Phenylalanine ammonia-lyase gb|AAD45384.1|;  
e) Phosphoribosylpyrophosphate amidotransferase gb|AAC24007.1| 
f) Xeaxanthin epoxidase (CpABA1): dbj|AB030295.1|; dbj|BAB11934.1| 

19 
actggtctcgtagactgcgtacccgaatgggttggaaaggaatagaatggaatggaa 
tggaatcgactcaaatggaatggactagaatggaatggattcggtcaggactcataa 

a) Aminoimidazole ribonucleotide carboxylase 
gb|AAL48287.1|AF4524951; 
b) Ascorbate peroxidase: gb|AAS46016.1|;  
c) Asparagine synthase: dbj|BAM93579.1|; 
d) Carbonic anhydrase gb|AFX73760.1|;  
e) Phenylalanine ammonia-lyase gb|AAD45384.1|;  
f) Ribulose-bisphosphate carboxylase/oxygenase gb|AER24546.1|;  
g) Starch synthase : emb|CAB40374.1| 
h) Xeaxanthin epoxidase (CpABA1) dbj|BAB11934.1| 

https://doi.org/10.4236/ajps.2021.121006


G. O. Osuji et al. 
 

 

DOI: 10.4236/ajps.2021.121006 83 American Journal of Plant Sciences 
 

cDNA band #10, reverse-transcribed from the RNA synthesized under ami-
nating conditions shared plus/minus sequence homology with cDNA band #5 
reverse-transcribed from the RNA synthesized under deaminating conditions.  

cDNA band #3, reverse-transcribed from the RNA synthesized under aminat-
ing conditions shared plus/minus sequence homology with cDNA band #13, re-
verse-transcribed from the RNA synthesized under deaminating conditions.  

cDNA band #10, reverse-transcribed from the RNA synthesized under ami-
nating conditions shared plus/minus sequence homology with cDNA band #4, 
reverse-transcribed from the RNA synthesized under deaminating conditions.  

cDNA band #10, reverse-transcribed from the RNA synthesized under ami-
nating conditions shared plus/minus sequence homology with cDNA band #17, 
reverse-transcribed from the RNA synthesized under deaminating conditions.  

cDNA band #10, reverse-transcribed from the RNA synthesized under ami-
nating conditions shared plus/minus sequence homology with cDNA band #9, 
reverse-transcribed from the RNA synthesized under deaminating conditions. 

Therefore, the RNAs synthesized by GDH under amination conditions were 
plus-RNA, those synthesized under deamination conditions were minus-RNAs. 
These molecular biology models (Figure 3) of the opposite chemical differences 
in RNA primary structure illuminate the hitherto inexplicable phenomena 
shrouding the reductive amination and the oxidative deamination activities of 
GDH, and are crucially important for understanding the molecular basis of the 
low grain yields of cowpea. They confirm that the synthesis of RNAs is a cycle 
(Figure 4) of different irreversible chemical reactions driven by NADH/NAD+, 
and α-KG/L-Glu/ +

4NH  (Figure 3) couples rather than a classical reversible 
oxidation-reduction reaction. The plus/minus RNA synthesis by GDH isoen-
zymes further confirms the existence of orientation and positionality of the 
subunit polypeptides in the active hexameric isoenzymes [20], a structure that 
only the electrophoretic purification steps preserved (Figure 1, and Figure 2). 
In the GDH cycle model (Figure 3, Figure 4), the plus-RNA is not reversibly 
oxidized to minus-RNA. Conversely, the minus-RNA is not reduced to plus-RNA. 
The GDH cycle (Figure 4) for the synthesis of minus-RNA and plus-RNA is 
non-reversible. Therefore, the function of NADH/NAD+, and α-KG/L-Glu/ +

4NH  
in biology is to establish the redox homoeostasis so that GDH can synthesize 
plus-RNA and minus-RNA. In a single sweep of the cycle, GDH isoenzymes 
synthesized double the quantity of RNA products of opposite primary structures 
(Figure 4). This made for economy in the utilization of NADH/NAD+, and of 
α-KG/L-Glu/ +

4NH . The plus-RNA, and minus-RNA synthesis is the core of the 
molecular chemistry of GDH; ensuring that the nongenetic code-based RNA 
enzymes are very complicated in primary and secondary structures to match the 
equally complex structures of the mRNA they degrade [10] [21]. No other tem-
plate-independent RNA polymerization apparatus is able to synthesize two types 
of opposite polarity complicated RNAs simultaneously with such astonishing 
chemical repeatability and fidelity. The synthesis of complicated plus-RNA and  
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Figure 4. Discovery of glutamate dehydrogenase redox cycles that 
synthesize nongenetic code-based plus-RNA in the amination direc-
tion, and minus-RNA in the deamination direction. 

 
minus-RNA by GDH is crucial for understanding the dry grain yield molecular 
biology of the cowpeas. Hexameric isoenzymes of GDH may henceforth be as-
sayed comprehensively by monitoring the kinetic and thermodynamic transfor-
mations of the NADH/NAD+, and α-KG/L-Glu/ +

4NH  homeostasis at the pro-
tein level [17] [18] [19] [30] [31] [32] [33] [34], and by sequencing the plus-RNA 
and minus-RNA at the molecular chemistry level (Table 2). Measurement of the 
transactions of the redox homoeostasis without sequencing the product nonge-
netic code-based RNAs, does not unfold the molecular chemistry and functions 
of the enzyme.  

The yields of the RNA fragments synthesized in the amination direction by 
the acidic, and mildly acidic GDH isoenzymes (Figure 3 lanes A, and B), were 
visibly higher than those synthesized by the same GDH hexameric isoenzymes in 
the deamination direction. Also, the yields of RNA fragments synthesized by the 
mildly alkaline GDH isoenzymes (Figure 3 lane H) in the deamination direction 
were higher than those they synthesized in the amination direction (Figure 3 
lane D). These observations suggest that the GDH cycle (Figure 4) consists of 
two sub-cycles of unequal activities in the synthesis of RNA; the acidic, mildly 
acidic, and neutral GDH isoenzymes being very active in the amination direc-
tion, whereas the mildly alkaline isoenzymes were more active in the deamina-
tion direction in purple hull cowpea.  

3.4. Functions of GDH-Synthesized RNA of Cowpea 

Nongenetic code-based RNA synthesized by GDH aligns with its homologous 
genetic code-based RNA to degrade it because nongenetic code-based RNA is 
more thermostable than genetic code-based RNA [10]. Homologous RNA 
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strands are held together by hydrophobic forces including van der Waal’s forces, 
non-Watson Crick bonds etc. [35]. Removal of the structural constraints im-
posed by genetic code transforms RNA to a fully-fledged RNA enzyme that is 
independent of genetic code for its biochemical function [21]. Nongenetic 
code-based RNA synthesized by hexameric GDH is RNA enzyme [10] [21]. 

cDNA fragment #1 (that is, RNA fragment #1, Table 2) shared sequence ho-
mologies with the mRNAs encoding NADH plastoquinone oxidoreductase that 
catalyzes the Photosystem II light harvesting reaction in oxygenic photosynthesis 
[36]; phophoribosylformylglycinamidine cyclo-ligase that transports single-carbon 
groups in folate, methionine, and cysteine biosynthesis [37]; phenylalanine am-
monia-lyase; and phosphoribosyl pyrophosphate amidotransferase. Phospho ri-
bosyl pyrophosphate is utilized in the biosynthesis of purine and pyrimidine 
nucleotides, histidine and tryptophan, and nicotinamide adenine dinucleotide 
[38]. Phenylalanine ammonia-lyase (PAL) catalyzes the nonoxidative deamina-
tion of phenylalanine to form ammonium ion and trans-cinnamic acid, the entry 
step for the channeling of carbon from primary metabolism into phenylpropa-
noid secondary metabolism in plants. PAL enables cowpeas to respond to envi-
ronmental stimuli [39]. Therefore, RNA fragment #1 regulates the growth and 
yield of cowpea by regulating the abundance of the mRNAs that are homologous 
to it. Regulation of the abundance of genetic code-based RNAs by nongenetic 
code-based RNAs has been demonstrated repeatedly in peanut growth and yield 
[9] [10] [12] [17] [18] [21] [25] [29].  

RNA fragment #2 (Table 2) shared sequence homologies with the mRNAs 
encoding alternative oxidase, dehydrin, formylglycinamide ribonucleotide ami-
dotransferase of the purine biosynthetic pathway [40], phenylalanine ammo-
nia-lyase, and phosphoribosylpyrophosphate amidotransferase. Alternative oxi-
dase catalyzes cyanide-resistant reduction of oxygen to water without transloca-
tion of protons across the inner mitochondrial membrane, and thus functions as 
a non-energy-conserving component of the respiratory electron transfer chain 
[41]. Dehydrins are membrane proteins that reduce electrolyte leakage from 
cowpea seedlings thereby conferring low temperature tolerance [42]. Therefore, 
RNA fragment #2 controlled the growth and yield in cowpea by regulating the 
abundance of the mRNAs that are homologous to it. 

RNA fragment #3 (Table 2) shared sequence homologies with the mRNAs 
encoding calcium exchanger protein, NADH plastoquinone oxidoreductase, 
digalactosyldiacylglycerol synthase, sulfoquinovosyldiacylglycerol synthase, and 
glutathione reductase. Calcium exchanger protein regulates the concentration of 
calcium ions in cowpea roots in relation to soil calcium ion concentrations [54]. 
Digalactosyldiacylglycerol is a chloroplast precursor in the middle lamellar 
prothylakoids membrane systems complexed with NADPH light-dependent oxi-
doreductase [43]. Sulfoquinovosyldiacylglycerol and phosphatidylglycerol are ma-
jor classes of the thylakoid membrane lipids in higher plant chloroplasts where 
they are essential for photosynthesis and growth [44]. Glutathione/glutathione 
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disulfide (GSH/GSSG) redox buffer provides homeostasis by maintaining the 
redox state of other thiol compounds, avoiding their unnecessary oxidation and 
thus keeping them in the reduced state. GSH also detoxifies xenobiotics, se-
questers heavy metals involved in environmental stress tolerance in cowpeas 
[45]. Therefore, RNA fragment #3 controlled the growth and yield of cowpea by 
regulating the abundance of the mRNAs that are homologous to it.  

RNA fragment #4 (Table 2) shared homologous sequences with the mRNAs en-
coding alternative oxidase, ascorbate peroxidases, formylglycinamide ribonucleo-
tide amidotransferase, NADH plastoquinone oxidoreductase, phenylalanine am-
monia-lyase, cytochrome b6, starch synthase, and phosphoribosylpyro-phosphate 
amidotransferase. Starch is an insoluble polymer of glucose residues, and is a major 
storage product of seeds and storage organs produced agriculturally and used for 
human food. Transient starches synthesized in leaves in the day are hydrolyzed 
at night to provide carbon for non-photosynthetic metabolism [20] [46]. Cy-
tochrome b6 complex balances the photosynthetic production of ATP and 
NADPH with their metabolic consumption in the Calvin-Benson cycle and the 
subsequent reactions of primary metabolism [47]. Ascorbate and glutathione, 
non-enzymatic antioxidants are important for cowpea defense against oxidative 
stress, playing a key role as antioxidant buffers [48]. RNA fragment #4 con-
trolled the abundance of the mRNAs that share sequence homology with it, and 
therefore cowpea growth and yield. 

RNA fragment #5 (Table 2) was homologous to the mRNAs encoding perox-
idases, aminoimidazole ribonucleotide synthase, asparagine synthase, gly-
cine-rich protein, phenylalanine ammonia-lyase, glycinamide ribonucleotide 
synthase, starch synthase, phosphoribosyl pyrophosphateamido transferase, ri-
bulose-bisphosphate carboxylase/oxygenase, vicilin, and isoflavone synthase. 
Fragment #5 was repeated five times in the mRNA encoding glycine-rich pro-
tein; two times with the mRNA encoding starch synthase; and two times with 
the mRNA encoding aminoimidazole ribonucleotide synthase. These repeat 
matches within the length of an mRNA make for fail-proof alignment in the in-
termediate [GDH synthesized RNA: mRNA] enzyme: substrate complex [10]. 
Aminoimidazole ribonucleotide synthase is one of the ten enzymes involved in 
purine biosynthesis [40]. Asparagine plays a central role in nitrogen storage and 
transport in higher plants due to its high ratio of nitrogen to carbon and its un-
reactive nature. It accumulates to high concentrations during seed germination 
and in response to abiotic and biotic stresses [49]. Glycine-rich proteins are ac-
cumulated in the vascular tissues and their synthesis is part of cowpea’s defense 
mechanism against stress [50]. Glycinamide ribonucleotide synthase is involved 
in purine and pyrimidine nucleotide biosynthesis [51]. Ribulose-bisphosphate 
carboxylation is the major rate determining reaction in photosynthetic CO2 as-
similation. All factors that influence the photosynthetic rate do so by influencing 
the activity of ribulose-bisphosphate carboxylase/oxygenase and the concentra-
tion of its substrates, CO2 and ribulose-bisphosphate [52]. Vicilins, also called 7S 
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globulins are storage proteins and constitute as much as 70% to 80% of total seed 
protein. They are cleaved into smaller fragments before and during the germina-
tion process, and may play defensive roles in germinating seeds [53]. Isoflavones 
in the rhizosphere soil induce the expression of rhizobial Nod genes, which in-
itiate the formation of the nodules that fix nitrogen. In addition, isoflavones act 
as antimicrobial phytoalexins and modulate rhizosphere microbial communities, 
which have been suggested to play important roles in cowpea growth and yield 
[54]. Therefore, RNA fragment #5 regulated the growth and yield of cowpea by 
controlling the abundance of the mRNAs that are homologous to it.  

RNA fragment #6 (Table 2) was homologous to the mRNAs encoding apo-
protein A2 P700 photosystem 1, aspartic proteinase, cytochrome b6, and glu-
tathione reductase. Photosystem I mediates light-driven electron transfer from 
plastocyanin to ferredoxin and is involved in light energy conversion by ba-
lancing linear and cyclic electron transport in photosynthesis [55]. Aspartate 
proteinase is involvement in protein processing and degradation under differ-
ent conditions and in different stages of cowpea development suggests some 
stress-related functional specialization [56]. Therefore, RNA fragment #6 con-
trolled the growth and yield of cowpea by regulating the abundance of the 
mRNAs that are homologous to it. 

RNA fragment #7 (Table 2) shared sequence homology with the mRNAs en-
coding calcium exchanger protein, glutathione reductase, and starch synthase. 
The RNA fragment controlled the abundance of the mRNAs that share sequence 
homology with it, and therefore cowpea development and yield. 

RNA fragment #8 (Table 2) shared sequence homology with the mRNAs encod-
ing isoflavone synthase, aminoimidazolecarboximide rionucleotide transformylase 
or inosine monophosphate cyclohydrolase, glycinamide ribonucleoside synthetase, 
and shatterproof-like protein. Control of pod shattering trait was an important 
trait and step that led to the domestication of cowpea, a protein-rich staple crop 
of the world [57]. RNA fragment #8 controlled the abundance of the mRNAs 
that shared sequence homology with it, and therefore cowpea growth and yield. 

RNA fragment #9 (Table 2) shared sequence homology with the mRNAs 
encoding, shatter-proof-like protein, granule-bound starch synthase, apyrase, 
glycinamide ribonucleotide transformylase, and aminoimidazolecarboximide 
rionucleotide transformylase/inosine monophosphate cyclohydrolase. RNA frag-
ment #9 was repeated two times in the mRNA encoding apyrase. Apyrase is loca-
lized in the plasma membrane. Its nucleoside triphosphate diphosphohydrolase 
activity stimulates nodulation in legumes by regulating nucleotide concentration 
in the extracellular matrix [58]. Aminoimidazolecarboximide ribonucleotide is 
used in the synthesis of the purine ring in plant cells because the products, AMP 
and GMP, provide purine bases for DNA and RNA, as well as for a number of 
coenzymes (NAD, NADP, FAD, and coenzyme A) and signaling molecules. ATP 
serves as the energy source for many chemical reactions. Also, nucleotides are 
the precursors for purine alkaloids, and for the adenine moiety of cytokinin, the 
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plant growth regulator [59]. Therefore, RNA fragment #9 controlled the growth 
and yield of cowpea by regulating the abundance of the mRNAs that were ho-
mologous to it.  

RNA fragment #10 (Table 2) shared sequence homology with the mRNAs 
encoding drought inducible protein, apyrase, formylglycinamide ribonucleotide 
amidotransferase, fructokinase, phenylalanine ammonia-lyase, phosphoribosyl-
pyrophosphate amidotransferase, gamma-ATP synthase, and ferric leghemoglo-
bin reductase. Drought inducible protein protects cowpea cell wall during 
dehydration, and high-salinity stresses. Abscisic acid levels rose 160 times in the 
drought-stressed cowpeas [60]. Leghemoglobin is the heme-containing protein 
that reversibly binds and transports O2 into the N2-fixing nodules of leguminous 
plants. In order to function as an O2-carrier, leghemoglobin is in the ferrous 
oxidation state. Oxygenated leghemoglobin readily autoxidizes to ferric leghe-
moglobin releasing the reactive −

2O  species for the symbiotic metabolism [61].  
RNA fragment #11 (Table 2) shared sequence homology with the mRNA en-

coding isoflavone synthase.  
RNA fragment #12 (Table 2) shared sequence homology with mRNAs en-

coding apyrase, carbonic anhydrase, coumarate coenzyme A ligase, glycine-rich 
cell wall protein, isoflavone synthase, and glycinamide ribonucleotide synthase. 
Carbonic anhydrase catalyzes the reversible hydration of CO2 in photosynthesis. 
It establishes the required inorganic carbon species equilibration so that the 
slow, uncatalyzed rate of CO2/ −

3HCO  interconversion does not limit the rate of 
photosynthesis [62].  

RNA fragment #13 (Table 2) shared sequence homology with the mRNA en-
coding glutathione reductase. 

RNA fragment # 14 (Table 2) shared sequence homology with the mRNAs 
encoding calcium exchanger protein, delta 1-pyrroline-5-carboxylase synthase, 
and glutathione reductase. A bifunctional enzyme, delta-1-pyrroline-5-carboxylase 
synthase catalyzes the first two steps in proline biosynthesis in plants. Drought is 
among the most important environmental factor that causes osmotic stress and 
impacts negatively on plant growth and crop productivity. To counter this stress, 
many plants increase the osmotic potential of their cells by synthesizing and ac-
cumulating compatible osmolytes such as proline and glycine betaine [63]. 

RNA fragment #15 (Table 2) shared sequence homology with the mRNAs 
encoding apyrase, extensin, and lectins. Extensins are the self-assembling am-
phiphiles that generate scaffolding networks and pectic matrix for the physio-
logical formation of cell wall [64]; and observed in rhizobium-cowpea interac-
tion [65]. Lectins are carbohydrate-specific proteins for signal recognition and 
communication across the cell wall [66]. 

RNA fragment #16 (Table 2) shared sequence homology with the mRNAs 
encoding phosphoenolpyruvate carboxylate, and triacylglycerol lipase. Phos-
phoenolpyruvate is the starting intermediate for the biosynthesis of tryptophane, 
phenylalanine, and tyrosine in peanut [67]. Triacylglycerol protects plants from 
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fungi, and insect pests. 
RNA fragment #17 (Table 2) was homologous to the mRNAs encoding apy-

rase, drought inducible protein, isoflavone synthase, and the enzyme for lectin 
biosynthesis. 

RNA fragment #18 (Table 2) shared sequence homology with the mRNAs 
encoding cytochrome b6, formylglycinamide ribonucleotide amidotransferase, 
NADH-plastoquinone oxidoreductase, phenylalanine ammonia lyase, phospho-
ribosylpyrophosphate amidotransferase, and xeaxanthin epoxidase. 

RNA fragment #19 (Table 2) shared sequence homology with the mRNAs 
encoding aminoimidazole ribonucleotide carboxylase, ascorbate synthase, aspa-
ragine synthase, carbonic anhydrase, starch synthase, phenylalanine ammo-
nia-lyase, ribulose-bisphosphate carboxylase/oxygenase, and xeaxanthin epox-
idase. Zeaxanthin epoxidase plays an important role in the xanthophyll cycle and 
abscisic acid biosynthesis. It converts zeaxanthin into antheraxanthin and sub-
sequently violaxanthin. It is required for resistance to osmotic and drought 
stresses, regulation of seed development and dormancy, modulation of defense 
gene expression and disease resistance, and non-photochemical quenching in 
cowpea [68]. 

The nongenetic code-based RNA enzymes (Table 2) are oligonucleotides that 
shared sequence homologies with an average of six different mRNAs of cowpea. 
When environmental conditions are inadequate (commercial fertilizer composi-
tion and concentration, extreme temperature, drought, low organic carbon con-
tents of soil, biotic factors etc), the GDH hexamers synthesize a lot of RNA 
fragments that degrade the homologous mRNAs encoding most of the regulato-
ry enzymes, thereby discriminating/permuting the biochemical pathways; and 
the crop yield is low (Table 1). Conversely, when the environmental conditions 
are excellent (stoichiometric mineral salts, healthy soil, normal temperatures, 
rain fall etc), the GDH hexamers synthesize only some RNA so that most of the 
cowpea biochemical pathways remain functional and integrated to optimize and 
maximize the grain yield [11]. 

3.5. Biochemical Pathways of GDH-Synthesized RNA Enzymes in 
Cowpeas  

The RNA synthesized by GDH, being nongenetic code-based, is not subject to 
the biological and physical constraints imposed by genetic code [21]. Complete 
freedom from the molecular restrictions of the genetic code empowers the 
GDH-synthesized RNA to be thermally stable, and to exercise chemical func-
tions of RNA enzyme [10] to degrade homologous genetic code-based RNA (to-
tal RNA). Other known RNA enzymes are different, being genetic code-based 
RNA hydrolyzing genetic code-based RNA through Watson-Crick base pairing 
mechanism; therefore, their scopes are limited [10]. The enzymatic activities of 
GDH-synthesized RNAs in peanut have been demonstrated in vivo, and in vitro, 
deduced from the modeling of the coordinated complex networks of GDH bio-
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chemical pathways [11] [29]. The RNAs synthesized by any group of peanut 
GDH isoenzymes completely degraded all the total RNA substrate under in vi-
tro chemical reaction condition. Total RNA is a complex mixture of the tran-
scriptome. Therefore, the degradation of entire total RNA is evidence that 
GDH isoenzymes synthesize an equally complex mix of RNA enzyme to con-
trol the abundance of entire transcriptome. The degradation of total RNA by 
nongenetic code-based RNA is a crowding (mass action) phenomenal chemical 
reaction whereby many different nongenetic code-based RNA enzyme sequences 
attack their respective homologous genetic code-based RNAs simultaneously 
and non-synchronously [10]. All the GDH-synthesized RNA enzymes (Table 2) 
constitute the new phenomenal paradigm in cowpea biology, growth and dry 
grain yield. 

Cowpea GDH isoenzymes synthesized a complicated mix of RNAs (Table 2) 
that are homologous to many mRNAs encoding regulatory enzymes that spread 
over a network of critically indispensable biochemical functions. All the frag-
ments of cowpea GDH-synthesized RNA enzymes share plus/plus or plus/minus 
sequence homologies; therefore, there is a complex and interlocking network 
organization of the chemical functions of the fragments to create the mosaic 
GDH biochemical pathway that integrates/discriminates, at the total RNA level, 
all the biochemical, physiological, metabolic, and genetic processes.  

The RNA enzymes are deeply entrenched in the global integration of cowpea 
photosynthesis at the total RNA level that 1) influence the concentrations of ri-
bulose-bisphosphate and CO2 (ribulose-bisphosphate carboxylase/oxygenase); 2) 
the light-driven cyclic electron transfer from plastocyanin to ferredoxin in Pho-
tosystem I (apoprotein A2 P700); 3) oxygenic photosynthesis of Photosystem II 
(NADH plastoquinone oxidoreductase); 4) middle lamellar biochemical organi-
zation of chloroplasts (digalactosyldiacylglycerol synthase); 5) biochemical sto-
rage of photosynthate starch, a food product for which cowpea was domesticated 
(starch synthase); 6) balancing of substrate level ATP and NADPH production 
in photosynthesis with their utilization in the Calvin-Benson cycle (cytochrome 
B6 complex); 7) equilibration of CO2 and bicarbonate ion concentrations and 
making them readily available in photosynthesis (carbonic anhydrase). The 
GDH biochemical pathway exerted a tentacle-like hold across the entirety of the 
photosynthetic physiology, and of cowpea growth, development, and yield 
(Table 2). 

Cowpea GDH biochemical pathway also exerted a strangle-hold on saccharide 
biochemistry and glycolysis because GDH synthesized RNA enzyme #10 (Table 
2) shared sequence homology with the mRNA encoding fructokinase. In green 
leaves, sucrose is the main end product of photosynthesis. The sucrose is con-
verted to fructose and glucose by invertases. The resulting fructose is phospho-
rylated by fructokinase to fructose-6-phosphate, whereas the resulting glucose is 
phosphorylated by hexokinase to hexose-6-phosphate for entrance into glycoly-
sis. Fructokinase is central in saccharide biochemistry regulating fructose flux in 
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cells and homeostasis [69]. By regulating the abundance of the mRNAs encoding 
fructokinase and starch synthase (GDH-synthesized RNA nos. 4, 7, 9, 19), GDH 
biochemical pathway maintained a unique and an important chemical balance 
between photosynthate accumulation, saccharide metabolism, and glycolysis, 
and of cowpea growth and grain yield (Table 1, and Table 2).  

The GDH biochemical pathways control the abundance of the mRNA encod-
ing the globulin (vicilin), the main storage protein for which cowpea is globally 
acclaimed as the source of affordable dietary plant protein. When the total pro-
tein content of cowpea seeds was low as in unfertilized control cowpea, it sug-
gested that GDH synthesized the RNA enzyme fragment #5 (Table 2) that par-
tially degraded some of the mRNA encoding the vicilin [9]. Therefore, GDH 
through synthesis of RNA maintains a biochemical equilibrium between the 
plants’ exterior environment and the interior biochemical, metabolic, physiolog-
ical environment, as reflected by cowpea dry grain yield (Table 1). 

Cowpeas are hardy plants being drought resistant and able to thrive under the 
inversion by fungi and insects. The mRNAs encoding the proteins: dehydrin, 
delta-1-pyrroline-5-carboxylase synthase, and drought inducible protein that protect 
cowpeas from dehydration are among the substrates of the GDH-synthesized 
RNA. Drought is the most debilitating environmental stress factor that decreases 
crop growth and harvest yield. When cowpeas were treated with regular fertiliz-
ers, their GDHs synthesized one or more of the RNA enzyme fragment nos. 2, 
10, 14, 17 (Table 2) that partially degraded the mRNAs encoding the drought 
protective enzymes, resulting to more than 50% decreases in dry seed yields 
(Table 1). Cowpea machinery for resistance to stress extends to the degradation 
of the mRNA encoding triacylglycerol lipase. Cowpea GDH-synthesized RNA 
#16 shared sequence homology with the mRNA encoding triacylglycerol lipase 
(Table 2). While cowpea does not produce a lot of triglycerides, their accumula-
tion provides a mechanism by which the crop copes with abiotic stress. Different 
types of abiotic stress induce lipid remodeling through the action of lipases, 
which results in various alterations in membrane lipid composition. This re-
sponse induces the formation of toxic lipid intermediates that cause membrane 
damage or cell death. However, triacylglycerols under stress conditions function 
as a means of sequestering the toxic lipid intermediates. Moreover, the lipid 
droplets in which triacylglycerol is enclosed also function as a subcellular factory 
to provide binding sites and substrates for the biosynthesis of bioactive com-
pounds that protect against insects and fungi [70]. Therefore, cowpea grain yield 
(Table 1) was also controlled by GDH-synthesized RNA nos. 2, 10, 14, and 17. 

GDH isoenzymes synthesized RNA enzymes that shared sequence homologies 
with mRNAs encoding key enzymes (isoflavone synthase, apyrase, extensin, fer-
ric leghemoglobin reductase, and lectin) in the rhizobium-cowpea nodulation 
machinery. Fixing of atmospheric nitrogen and converting it to organic nitrogen 
is a special attribute of leguminous plants, enabling them to thrive on infertile 
soils. Treatment of cowpea with inappropriate mineral nutrients induced GDH 
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to synthesize one or more of the RNA enzyme fragment nos. 5, 8, 9, 10, 11, 12, 
15, and 17 (Table 2) that are homologous to the mRNAs encoding the cow-
pea-rhizobium specific enzymes, with resultant decreases in total amino acid 
contents and grain yield (Table 1).  

GDH isoenzymes synthesized RNA enzyme #5, (Table 2) that shared se-
quence homology with the mRNAs encoding the peroxidases. Peroxidases par-
ticipate in cell wall stiffening reactions by synthesizing lignin [71] [72], whose 
carbon content (soil organic carbon) is associated with the improvement of the 
aggregation, chemical and agricultural properties of the soil. This is another 
mechanism by which cowpea cover crop improves soil chemistry. When cowpea 
was treated with inappropriate fertilizer, the soil organic carbon content de-
creased five-fold suggesting that the GDH isoenzymes synthesized RNA enzyme 
#5 (Table 2) that destroyed the mRNA encoding the peroxidases [73]. There-
fore, inappropriate fertilization that caused decreases of soil organic carbon 
contents [7] led to decreases in cowpea dry grain yield (Table 1).  

Cowpea GDH isoenzymes repeatedly synthesized numerous RNA enzyme 
fragments (Table 2: nos. 1, 2, 5, 8, 9, 19) that were homologous to the 
mRNAs encoding the enzymes: phosphoribosyl pyrophosphate amidotransferase, 
formylglycinamide ribonucleotide amidotransferase, glycinamide ribonucleotide 
synthase, aminoimidazolecarboximide ribonucleotide transformylase/inosine 
monophosphate cyclohydrolase, amidoimidazole ribonucleotide carboxylase of 
purine and pyrimidine nucleotides, histidine, tryptophan, NADP, FAD, NAD, 
cytokinin, and purine alkaloid biosynthesis. Biosynthesis of purine nucleotides, 
xanthosine monophosphate, AMP, and GMP require a lot of metabolic interme-
diates. AMP and GMP are the building blocks of DNA and RNA; and in 
addition, AMP is the precursor for the cytokinin group of plant growth regula-
tors and a number of important coenzymes. GTP and ATP participate in the 
energy metabolism of the cell. Although there are a number of routes that can 
generate the purine bases from IMP, in legume nodules, the preferred route is 
through IMP dehydrogenase. Both xanthosine and xanthine serve as precursors 
for the purine alkaloids (theobromine and caffeine) and their further oxidation 
yields the ureides, allantoin and allantoic acid [59] all of which exert further me-
tabolic demand on cowpeas especially when it is cultivated on infertile soils. 
These extensive metabolite demands [51] of purine, pyrimidine pathways may 
explain why the GDH biochemical pathway steps-in to minimize the wastage of 
the limited resources of cowpea in the synthesis of DNA, RNA, and cofactors 
that the crop may not need for its survival during its short growing season in the 
arid Sahel of Sub-Sahara. Therefore, wild-type cowpeas in the Sub-Sahara grow 
slowly, mature abruptly, and the seed yield is very low. [2] [8]. Wherefore, GDH 
through synthesis of RNA maintains a biochemical equilibrium between the 
cowpea exterior environment and the interior biochemical, metabolic, and phy-
siological environment, all of which reflect on the dry grain yield (Table 1). 

The water-tight control of cowpea physio-chemical pathways by environmen-
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tal conditions and the GDH-synthesized RNA extends to the biosynthesis of 
amino acids by phosphoenol-pyruvate carboxylase (PEPCase) whose mRNA 
shared sequence homology with GDH-synthesized RNA #16 (Table 2). PEPCase 
recycles CO2 released during photorespiration thus minimizing carbon losses 
and enhancing carbon economy in higher plants [74]. Pyruvate kinase could 
convert phosphoenolpyruvate to pyruvate which is the starting intermediate for 
the biosynthesis of valine, leucine, and alanine. Oxaloacetate is the starting in-
termediate in the biosynthesis of isoleucine, threonine, lysine, and methionine 
[15]. Because the relative concentrations of phosphoenolpyruvate and oxaloace-
tate depend on PEPCase activity, the abundance of the mRNA encoding the en-
zyme is important in the molecular integration of amino acid biosynthesis. 
Therefore, GDH-synthesized RNA #16 functions as a gigantic traffic light, con-
trolling at the molecular level, the biosynthesis and flux of all the essential amino 
acids (isoleucine, threonine, lysine, methionine, phenylalanine, tryptophane, va-
line, leucine) in cowpea as in peanut also [15]. Wherefore, GDH through 
synthesis of RNA maintains a chemical equilibrium between the plants’ exterior 
environment and the interior biochemical, metabolic, and physiological envi-
ronment, all of which reflect on the dry grain yield (Table 1). 

GDH isoenzymes repeatedly synthesized RNA fragments 5, 8, 11, and 17 
(Figure 3, and Table 2) that shared sequence homology with the mRNA encod-
ing isoflavone synthase. Since isoflavone synthase regulates crop growth and 
yield [54], it is probably among the traits that determine the earliness of cowpea 
maturity (Table 1). The cowpea improvement programs [2] did not identify the 
genetic traits controlling the earliness of grain maturity.  

Cowpea GDH pathway extends to phenylpropanoid biochemical pathways. 
GDH-synthesized RNA #12 (Table 2) shared sequence homology with the 
mRNAs encoding 4-coumarate: CoA ligase family that catalyze the activation of 
4-coumarate and a few related substrates to the respective CoA esters and thus 
channels the product phenylalanine into the general phenylpropanoid bioche-
mistry. These phenylpropanoid branch pathways generate various classes of 
natural products [15] [16] [75] with important functions in plant development 
and environmental interactions, including lignin for structural support, flavones 
and flavonols for UV protection; anthocyanins, isoflavones for growth and seed 
maturation; chalcones and aurones as pigments for the attraction of pollinators 
and seed distributors; and furanocoumarins as phytoalexins for pest/pathogen 
defense [76]. Therefore, GDH-synthesized RNA #12 could have participated in 
the control of cowpea grain yield. 

The regulation of cowpea phenylpropanoid pathway by GDH-synthesized 
RNA enzyme started at the phenylalanine ammonia lyase (PAL) entry point be-
cause GDH repeatedly synthesized RNA fragment nos. 1, 2, 4, 5, 10, 18, and 19 
(Table 2) that shared sequence homology with the mRNA encoding PAL. This 
repeated synthesis of the RNA fragments homologous to PAL mRNA assures 
that at least one of them will be synthesized to downregulate the phenylpropa-
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noid pathway no matter how variable the soil mineral concentration and com-
position were. Many natural products including phenolic compounds, organic 
acids, glycosides, antioxidants, tannins etc are synthesized by the phenylpropa-
noid pathway. Most of the natural products are protective to cowpea, but a few 
(glycosides, and antinutrients) are toxic, causing immunomodulatory effects 
[77], and the flavonoid glycosides inhibit low density lipoprotein (LDL) oxida-
tion when raw cowpea is consumed. It is possible to manipulate the GDH bio-
chemical pathway so as to knockout the synthesis of the glycosides and antinu-
trients and thereby expand the global acceptability of cowpea products as food 
and snacks.  

3.6. Optimization of Cowpea Dry Grain Yield by Stoichiometric 
Mixes of Mineral Salts 

All the stoichiometric mixes of mineral salts outperformed the control cowpea 
and the cowpeas cultivated by USA farmers (Table 1) in the dry grain yields they 
induced. The most outstanding performance was the doubling of grain yield by 
the K + K + K treatment compared with the control cowpea, and the tripling of 
grain yield compared with USA farmers’ yields (Table 1). Limited resource and 
subsistence farmers can now increase, double, optimize, or maximize their grain 
yields of cowpeas at little to no cost. The quantities of stoichiometric mineral 
salts needed are miniscule and far less expensive than commercial fertilizers.  

Mineral salts and environmental factors stimulate plant GDH to synthesize 
nongenetic code-based RNA which then degrade their homologous mRNAs in 
order to tailor the plant’s biochemical and physiological processes to be at equi-
librium with the available external resources for sustaining the growth and sur-
vival of the plant. Plants degrade superfluous mRNA in order to minimize was-
tage of metabolic energy in the synthesis of proteins that the plant might not 
need to survive in the prevailing external environment. The mRNAs (Table 2) 
include those that may be degraded when adverse environmental conditions in-
duce the cowpea GDH to synthesize RNA enzymes. The cyclical synthesis of 
plus-RNA and minus-RNA by GDH is therefore an economic tactical plan in 
biochemistry for the selection of superfluous mRNA that would be degraded for 
assuring the survival of cowpea growing under unfavorable environmental con-
ditions. The plus-RNA synthesis in the amination direction, and minus-RNA 
synthesis in the deamination direction also guarantee the availability of complex 
mix of nongenetic code-based RNA enzymes that would match the nucleotide 
sequences of the superfluous mRNAs to be degraded. Cowpeas normally thrive 
in harsh environments [78]. The degradation of superfluous mRNAs by 
GDH-synthesized RNA is not always a complete chemical reaction because of 
the multiplicity of the environmental factors that simultaneously induce the en-
zyme to synthesize RNAs. Statistical permutation of all the biochemical path-
ways that have been partially and completely down-regulated gives the picture of 
the response of the crop growth and yield to the prevalent environmental factors 
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[11] [15] [16]. Treatment of cowpea with K + K + K stoichiometric KCl solution 
silenced some of the yield-related mRNAs (Table 2) resulting to the increase of 
gain yield to 7598 kg from 3644 kg∙ha−1 in the control cowpea. The resultant 
permuted biochemical pathway in the K + K + K-treated cowpea was therefore 
different from that of the control cowpea. Accordingly, each stoichiometric mix 
of mineral salts (Table 1) induced a unique permutation of cowpea biochemical 
pathways because the resultant early grain harvest, second grain harvest, and to-
tal grain yields were unique from one stoichiometric mineral salts to another. 
Each stoichiometric mix (Table 1) produced a unique optimally yielding bio-
chemical variant of purple hull cowpea. Thus, limited resources farmers who 
produce cowpea dry grains for feeding their families and for farm income can 
now apply the stoichiometric mineral salt mixes to produce the grain yields to 
meet their domestic needs, without surplus harvests that are often wasted due to 
lack of postharvest storage infrastructures. The stoichiometric mixes of mineral 
salts and the GDH-synthesized RNA enzymes that they stimulated (Table 1, and 
Table 2) revealed the multiplicity of molecular targets that regulate cowpea 
mineral nutrient biochemistry and dry grain yield. Many studies on cowpea 
mineral ion biochemistry did not uncover any molecular target of the actions of 
the mineral ions [79]. 

Many cowpea breeding programs [2] [6] have produced cultivars that are pest 
and drought resistant which mature early thereby potentially contributing to 
all-season food availability and food security. But the dry grain yields of the ge-
netically improved lines remained very low in farmers’ plots especially in 
Sub-Saharan Africa [2] [8]. Cowpea GDH biochemical pathways (Table 2) sug-
gested that relieving the stranglehold exerted on the lignocellulosic, photosyn-
thetic, amino acid, nodulation, saccharide, storage protein, purine/pyrimidine 
etc. metabolic/physiological pathways might permit the dry grain harvest and 
nutritious yield to increase, double, and even to be maximized without cultivat-
ing more land area. The stoichiometric mineral salt mixes (Figure 1, Figure 2, 
Table 1, and Table 2) have demonstrated their abilities to alter the distribution 
patterns of GDH isoenzymes, the abilities of the isoenzymes to change the 
structural complexities of the nongenetic code-based plus-RNA and minus-RNA 
enzymes (Figure 3, and Figure 4) they synthesize, and for the cowpea grain 
yield to be optimized. The early maturing dry grain harvests were not signifi-
cantly improved compared with that of the control (Table 1), but the slow ma-
turing grain harvests were significantly higher in the treated cowpea compared 
with the control cowpea. The slow maturing harvest of the K + K + K-treated 
cowpea was a whopping 300% higher than that of the control cowpea (Table 1).  

The subunit polypeptide compositions of GDH hexamers are similar but not 
identical (Figure 1). Similarly, most of the mineral salt compositions of stoichi-
ometric mixes (Table 1) are similar but not identical. Total dry grain yields (Table 
1) of cowpea that were stimulated by similar GDH isoenzyme populations, and 
similar stoichiometric mixes of mineral salts were biochemically different. These 
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were the biochemical dynamics that were embedded in the GDH pathways 
(Table 2) that discriminated, integrated, optimized, enhanced, and maximized 
cowpea dry grain yield molecular biology.  

The stoichiometric mixes of mineral salts displayed mineral ion synergism on 
cowpea grain yield. K + K + K stoichiometric KCl treatment increased cowpea 
grain yield by 31% compared with K + K treatment which in turn increased the 
grain yield by 19% compared with K treatment (Table 1). Similarly, K + K + S 
treatment increased the grain yield by 32% compared with the K + S treatment 
(Table 1). It was also notable that regular fertilizer was not as active as many 
stoichiometric mixes of mineral salts in the stimulation of the RNA synthetic ac-
tivity of GDH including the increase of grain yield (Table 1). The control regis-
tered the lowest grain yield in spite of the nitrogen fixing ability of cowpea. This 
suggested that the nitrogen fixing apparatus needed the support of stoichiome-
tric mixes of mineral salts in order for cowpea grain yield to be maximized, 
doubled, and optimized (Table 1, Table 2; Figure 4). Wherefore, the GDH bio-
technology for doubling and maximizing crop nutritious yields [11] [12] [15] 
[16] [75] [80] is fail-proof, affordable, simple, and limited resources famer 
friendly because the biotechnology allows subsistence farmer to plan in advance 
to produce only what she needs to assure her family’s food security, and that she 
can sell in the village/local market, thus avoiding wastage of man-hour inputs in 
the production of surplus harvests that she cannot warehouse [8]. 

3.7. Biotechnological Applications 

Several technologically valuable biochemical processes in plant systems with po-
tential for conversion to industrial application still remain as inexplicable phe-
nomena. The inability to remove camphor from Phyla dulcis plant extracts by 
deployment of camphor-degrading bacteria [82]; to couple terpene synthase 
production of bisabolol to cytochrome P450 oxidation of the bisabolol and to 
sweet sesquiterpene hernandulcin in engineered yeast [83]; to harness electricity 
from photosynthetic thylakoid membrane [84]; to extend nitrogen fixation from 
legumes to monocots [85] are notable biochemical examples because of the ben-
efits that could be derived by mankind. The stoichiometric mixes of mineral salt 
treatment of crop have demonstrated their abilities to alter the distribution pat-
terns of GDH isoenzymes, the abilities of the isoenzymes to change the structur-
al complexities of the nongenetic code-based plus-RNA and minus-RNA en-
zymes they synthesize, and for the biochemical pathways of the crop to be al-
tered, thereby providing a new approach for eliminating any biochemical inter-
mediate(s) at will, or for increasing any biochemical end-product(s) at will 
without engineering the crop and without cultivating more landscape [10]-[17] 
[21] [67] [75]. The regulation of the dry grain yield of cowpea, a nutritious le-
guminous food crop of the world, was an inexplicable challenge in biology [3] 
[4] [5] [6] [78] [79]. But the chemistry of the oxidoreductase cyclical synthesis of 
plus-RNA in the amination, and minus-RNA in the deamination direction by 
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GDH illuminated the hitherto inexplicable phenomenon in molecular biology 
(Figures 1-4, Table 2), leading to the enhancement, optimization, and maximi-
zation of the dry grain yield from 1984 kg∙ha−1 to 7598 kg∙ha−1 (Table 1) simply 
by treatment of cowpea in field plots with stoichiometric mixes of mineral salts 
solutions. The technology is friendly to limited resources farmers who cultivate 
the crop.  
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