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GENERAL BACKGROUNDS

Molecular and stable isotopic compositions of organic compounds, particularly ‘generally
called’ biomarkers that can characterize fundamental information in the biological sources of
them and the function of biogeochemical processes, have long, widely been employed as po-
tential powerful tools in the study (1) for tracing sources and delivery of organic compounds
in geological and geographical samples and (2) for reconstructing /understanding environments
and ecosystems over a wide range of geological timescales. This is proposed by that:

(1) organic compounds have a large diversity in the stable isotopic compositions (e.g., D/H,
BC/12C, SN/MN, etc.) in biological samples, which are always closely related to isotopic
fractionation associated with specific processes in biosynthetic and metabolic pathways;

(2) the magnitude of isotopic fractionation for a process is apparently universal among spe-
cies; and

(3) by mixing of multiple fractionation processes, the isotopic compositions of organic com-
pounds are therefore numerous diversity specific to biological classes, species, and indi-
viduals, as well as growth condition including seasonality.

Isotopic composition of organic compound A (Jdcompounda) 1 frequently given by a simplistic

equation (eq. 1-1):

Scompound A4 = Osource T Epiosynthesis  (€q-1—1)

where Jsource and €giosynthesis denote the isotopic composition of sources (e.g., CO2 and organic

substrates) and isotopic fractionation along biosynthesis for compound A, respectively. It has

been expected that a small or negligible variation in the isotopic compositions should be ob-
served for the organic compound A in any organisms, if the compound A is produced from

isotopically-homogenous sources accompanied by the isotopic fractionation associated with a

single, common biosynthetic process even in different organisms. However, there is apparently

a large variation in the isotopic fractionation during biosynthesis for a number of organic com-

pounds, for example, among spatially- or temporally-different tissues even within a single or-

ganism (e.g., Sessions, 2006; Tipple et al., 2012; Sachse et al., 2015). Therefore, generally
speaking, an identification of factors controlling this variation in the isotopic fractionation is
thus indispensable for better understanding of “universality vs. predictable fluctuation’ on the
isotopic compositions of organic compounds in organisms, as well as for crediting of the accu-
racy and precision on the isotope evidence in application studies. To our knowledge of physi-
ology, although CO., H2O, and inorganic nitrogen (e.g., nitrate and ammonia) are original sub-
strates of organic compounds, organisms can frequently produce organic compounds from iso-

topically heterogeneous organic substrate (e.g., storage proteins and lipids, diets, etc.) in natural
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environments, with respect to biogeochemical energy cycles. The production of photosynthate
from inorganic chemicals ‘with solar energy’ during photosynthesis including the conversion
of the photosynthate to various organic compounds (e.g., storage and organs) is generally called
‘autotrophic production (AP)’. In the autotrophic production, it is explained by that the isotopic
compositions of inorganic chemicals and the isotopic fractionation along biosynthesis (Jic and
eap, respectively) is recorded in the isotopic composition of organic compounds, like equation
(1-1).

Such organic compounds produced are employed as energy resources for heterotrophs, because
heterotrophs cannot use solar energy to produce their own organic compounds. Instead of solar
energy, heterotrophs obtain alternative energy from diet-derived organic compounds during the
catabolism and produce their own organic compounds using the residual diet-derived organic
compounds ‘with catabolically-released energy’ to keep the life of them.

Similar process is also found even in autotrophs, when autotrophs can obtain ‘the alternative’
energy from storage-derived organic compounds during the catabolism and produce other or-
ganic compounds ‘with catabolically-released energy’ under less/no photosynthetic activities
(e.g., at night). Such the production of organic compounds ‘with catabolically -released energy’
is separately called ‘heterotrophic production (HP)’, more specifically external HP in hetero-

trophs and internal HP in autotrophs.

Assuming these AP and HP with respect to biosynthesis and metabolism in organisms, the
isotopic composition of organic compound A is given by:
Ocompounda a = f (O1c + €ap) + (1 — f)(Soc + enp)  (eq.1—2)

where Jic and doc denote the isotopic composition of inorganic chemicals and organic com-
pounds, respectively, eap and enp denote the isotopic fractionation associated with autotrophic
and heterotrophic productions (sum of em =+ €awB), respectively. frepresents the fractional con-
tribution of each. Thus, HP can contribute to the isotopic composition of organic compounds
for not only heterotrophs but also autotrophs, which potentially allows us to see a large varia-
tion in the isotopic fractionation for organic compounds that described above. We predict that
this equation (1) would be replaced by the equation (2) for better understanding of the isotopic

composition of organic compounds.

Indeed, the presence of such HP and its contribution to the isotopic compositions of organic
compounds have been qualitatively or somewhat quantitatively discussed by using the isotopic
compositions for plants and insects in a few number of studies, although the interpretation of

data observed in these studies is indirect rather than direct enough to identify the presence and
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contribution of HP. To identify directly the presence and contribution of HP, it is thought that
quantitative analysis for (i) de novo synthesize, (ii) degradation, (iii) re-synthesize, and (iv) re-

organize of organic compounds in organisms may be required.

In this study, to evaluate the effect of HP on the isotopic composition of organic compound, we
investigated the isotopic fractionation and its mechanisms for organic compounds in plants
with respect to the consumption/utilization of storage materials, viewed from nitrogen isotopic
composition of amino acids for sprouting, flowering, and leafing with storage proteins (Chapter
IT), and from (1) carbon and hydrogen isotopic compositions of the whole carbon and hydrogen
in palmitic acid and (2) carbon isotopic composition of the carboxyl carbon within the palmitic
acid for sprouting with storage lipids (Chapter III). We in this study used a standard compound-
specific isotope method for measuring the isotopic compositions of amino acids and fatty acids,
and developed a position-specific isotope method for measuring the isotopic composition of

the carboxyl carbon in fatty acids.
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SUMMARY

Consumption of storage protein in the plant phenology (Chapter II)

1.

The enrichment in N slightly for mother sweet potato and considerably for its sprout
growing under dark condition reveals a first data that storage protein will be metabolized
to produce maintenance and growth energy for overwintering and sprouting. This section
was originally published as; Takizawa Y. and Chikaraishi Y. (2014) Are baby sprouts
eating the proteins in the mother sweet potato? Researches in Organic Geochemistry. 30,
29-32.

A large enrichment in >N recorded in deciduous plant flowers that bloom before leafing
reveals that the rational consumption and utilization of storage protein are universally
found in plant phenology. This section was originally published as; Takizawa Y. and
Dharampal P. S. Steffan S. A. Takano Y. Ohkoushi N. and Chikaraishi Y. (2017) Intra-
trophic isotopic discrimination of "N/!N for amino acids in autotrophs: Implications for
nitrogen dynamics in ecological studies. Ecology and Evolution. 7,2916-2924.

The enrichment in >N is rapidly decreased from significantly large for flush to substan-
tially zero for senescence leaves, which reveals a gradual change in the energy flow from
catabolically-released to photosynthetically-fixed during the short term of leafing. This
section was originally in press as; Takizawa Y. and Chikaraishi Y. (2017) Change in the
0N value of plant amino acids on the phenology of leaf flush and senescence. Researches

in Organic Geochemistry.

Consumption of storage lipids in the plant phenology (Chapter III)

Because this chapter is still in the writing stage for a scientific journal, I briefly summarize our

results:

1.

A small but significant enrichment in '*C is found in sesame sprouts growing under dark
condition, implying that the hydrolysis of triacylglycerol (i.e., consumption of storage
lipids) is a key reaction responsible for the isotopic fractionation on the fatty acids during
sprouting of seeds.

A position-specific isotope method established can access a huge enrichment in *C spe-
cifically on carboxyl carbon within the fatty acids of sesame seeds, which allows us to

proof the utilization of storage lipids as major energy resource for the sprouting.



