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ABSTRACT

Plant hormones are a class of organic substances which are synthesized during the plant
metabolism. They have obvious physiological effect on plant growth at very low concentrations.
Generally, plant hormones are mainly divided into 5 categories: auxins, cytokinins, ethylene,
gibberellins (GAs) and abscisic acid (ABA). With the deepening of research, some novel plant
hormones such as brassinosteroid and salicylates have been found and identified. The plant
hormone products are mainly obtained through plant extraction, chemical synthesis as well as
microbial fermentation. However, the extremely low yield in plants and relatively complex chemical
structure limit the development of the former 2 approaches. Therefore, more attention has been
paid into the microbial fermentative production. In this commentary, the developments and
technological achievements of the 2 important plant hormones (GAs and ABA) have
been discussed. The discovery, producing strains, fermentation technologies, and their
accumulation mechanisms are first introduced. Furthermore, progresses in the industrial mass scale
production are discussed. Finally, guidelines for future studies for GAs and ABA production are
proposed in light of the current progress, challenges and trends in the field. With the widespread
use of plant hormones in agriculture, we believe that the microbial production of plant hormones
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will have a bright future.

Introduction

The term “hormone” was first proposed by animal
physiologist Bayliss and Starling in 1904." At that
time, the classical definition of a hormone was of a
chemical messenger which left one area of the body
by the blood stream and arriving at another part of
the body, caused a change in behavior there.” Several
years later, by 1910, Fitting formally introduced the
word “hormone” into the field of plant physiology.
In 1948, through a long time discussion, the term
was eventually coined “plant hormones” or “phyto-
hormones” by Thimann referring to trace organic
substances which were synthesized in certain parts of
the plant and can be transported to other parts to
realize the special physiological function.> With the
further research, more and more plant hormones
have been identified which greatly enriches our

understanding of hormone biosynthesis, metabolism,
transport, and signal transduction and directly made
the important contribution to the chemical control
of crop.*® At the same time, with the rapid develop-
ment of society and increase of population, plant
hormones are playing an indispensable role in agri-
culture, such as promoting fruit ripening and leaf
drop, accelerating seed germination and budding,
resisting agricultural natural disaster and increasing
crop yields, etc.” "

Plant hormones are found not only in higher
plants, but also in algae, and in plant-associated
bacteria and fungi.“'13 However, in this case, plant
hormones are not the essential small molecular
necessary to the growth and reproduction of the
microorganisms. Thus they are regarded as second-
ary metabolites.'"* The molecular structures of
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Figure 1. Molecular structures of different plant hormones.

common plant hormones are shown in Fig. 1. In
the early stage, plant hormones are obtained mainly
by plant extraction. What is unacceptable is that
the hormones concentration in plants is extremely
low. For example, only 9 mg abscisic acid (ABA)
which is essential to plant growth, can be extracted
from 200 kg cotton boll, which contributes to the
enormous waste of resources.'” In view of this situ-
ation, chemical synthesis gradually begin to be uti-
lized. Nevertheless, due to the relatively complex
chemical structure of plant hormones, chemical
synthesis suffers from a number of problems such
as the complicated operation, high cost and lower
purity, etc.!® Compared with the former 2 methods,
microbial production of plant hormones overcomes
the above shortcomings. The final products
obtained through this method not only possess
higher bio-activity and purity, but also have a
much lower cost. Therefore, microbial fermentative
production of these products has broad application
prospects.

Gibberellins and abscisic acid accumulated as
secondary metabolites in filamentous fungi

Gibberellins (GAs) are a family of typically tetracyclic
diterpene compounds which can stimulate growth and
regulate various developmental processes during the
plant’s whole life cycle, such as seed germination, stem
elongation, sex expression and fruit formation.'” GAs
were firstly discovered in 1926 when Kurosawa
noticed that a chemical synthesized in Gibberella
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fujikuroi can contribute to the disease of rice plants."®
In 1934, Yabuta et al. isolated and identified 2 active
substance from the filtrate of the culture medium and
then named them as “gibberellins A and B.”"” In 1955,
Takahashi et al. succeeded in separating GAs A into 3
components, GA1, GA2 and GA3.%° Since then, new
GAs components were continuously being discovered.
Up till now, more than 136 different GAs have been
identified in plants and microorganisms, but only a
few of them are biologically active including GAL,
GA3, GA4 and GA7.?' Although GAs are widely
found in plants, algae, fungi and bacteria, but at pres-
ent, filamentous fungus G. fujikuroi is mainly utilized
as the strain for industrial production due to its rela-
tively high titers. The GAs titer in filamentous fungi is
summarized in Table 1. In order to further increase
the GAs titer, a large number of work has revolved
around the mutagenesis and screening of G. fujikuroi.
For example, Lale et al. obtained mutant strains with
the shorter mycelium length which greatly improved
the level of dissolved oxygen in the fermentation pro-
cess, the yield of GA3 was nearly 2 times higher than
the original strain.?? In addition, the novel fermenta-
tion methods, such as cell immobilization and extrac-
tive fermentation techniques, were also successfully
applied in the microbial production of GAs. Lu and
Xie immobilized G. fujikuroi on the surface of the cel-
lulose carrier which could continuously and efficiently
produce GA3 in 84 days, the ultimate GA3 titer
reached 0.21 g/L.>* Eleazar et al. chose Ca-polygalac-
turonate as the immobilized carrier in a fluidized bio-
reactor, the maximum titer reached 3.9 g/L, more than
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3-times greater than previously reported.”* The utiliza-
tion of the extractive fermentation method to produce
GA3 can also increase over 2-fold compared with the
shake-flask fermentation.***> These research greatly
laid the foundation for the large-scale production.
ABA is another kind of most important plant
growth hormone, which plays a significant role in reg-
ulating plant growth, resisting agricultural natural
disaster and increasing crop yields. Before its chemical
properties were fully known, it was discovered and
researched under 2 different names. The first name
given was “abscisin II” because it was thought to con-
trol the abscission of cotton bolls. At almost the same
time, another group named it “dormin” for a pur-
ported role in bud dormancy.”> In 1965, Wareing
et al. compared the chemical properties of dormin and
abscisin II and eventually proved that they were the
same substance. Subsequently, the name “abscisic
acid” was officially accepted as a replacement for dor-
min and abscisin 11.°° The earliest discovery of ABA
in microorganisms occurred in 1969, when Rudnicki
et al. isolated a substrate from Penicillium italicum.
However, they could not demonstrate whether the
ABA was from the filamentous fungus itself.*” In
1977, Assante et al. firstly discovered microbial pro-
duction of ABA in Cercospora rosicola.”® However,
over 30-days fermentation time and extremely low
titer limited the development of industrial mass scale
production using this fungus. After that, other

Table 1. Titers of gibberellins and abscisic acid produced by dif-
ferent filamentous fungi.

Gibberellins

Filamentous fungi Titer References
G. fujikuroi 0.21 g/L s
G. fujikuroi NRRL2278 0.16 g/L 3
G. fujikuroi CDBB H-984 0.29 g/L 3
G. fujikuroi NCIM 1019 072 g/L 3
G. fujikuroi NRRL2284 1.68 g/L 36
G fujikuroi 978# 2.1 g/L 37
F. moniliforme 24g/L 8
G. fujikuroi NRRL2284 28g/L 3
G. fujikuroi CDBB H-984 39¢/L 2
Abscisic acid

C. rosicola CBS 138.35 0.060 g/L 8
C. rosicola CBS 138.35 0.027 g/L 2
C. coerulescens RWD 390 3.50 ug/L 40
A. niger NX-53 0.276 g/L 30
R. solani Rs 4. IU To 16.9 ng/g 31
C. coerulescens RWD 390 31.0 ng/g 31
F. oxysporum CBS 758.68 319 ng/g 31
B. cinerea Bc 1.5a 23.7 ng/g 3
B. cinerea L-13 0.622 g/L 4
B. cinerea TB-3 14 g/L 2

filamentous fungi, including the genuses of Botrytis,
Aspergillus and Rhizopus, were also found to be able
to accumulate ABA.**" In 1982, Marumo et al. began
to utilize Botrytis cinerea as the strain to produce
ABA.*? Different from the former, the fermentation
time was significantly shortened and the titer was
improved. Therefore, more research work has been
carried out to mutagenize and screen high yielding
strains, explore the complete metabolic pathways of
Botrytis cinerea as well as optimize the liquid sub-
merged fermentation technology, which greatly pro-
moted the industrialization of ABA.*

Progress in industrialization

For the industrial production of plant hormones such as
GAs and ABA, several processes using fungal fermenta-
tion were successfully set up in China. As early as
1950s-1960s, the solid state fermentation of GAs has
been applied. However, due to the low yield, tedious
operation and other shortcomings, the solid state fer-
mentation was gradually replaced by liquid submerged
fermentation, the titer of the process is generally at
about 2.0 g/L. At present, in China, some enterprises
like Jiangxi New Reyphon Biochemical Co. Ltd, Zhe-
jiang Qianjiang Biochemical Co. Ltd, and Jiangsu
Fenyuan Bioengineering Co. Ltd are continuing to
explore new fermentation technologies and have made
some achievements, which greatly promotes the further
applications of GAs in the agricultural field. Compared
with GAs, the industrial microbial fermentation of ABA
started relatively late. Until the beginning of this cen-
tury, the scientist in Chengdu Institute of Biology, Chi-
nese Academy of Sciences, firstly solved the key
technical problems and successfully obtained ABA over-
producing strain. Through the optimization of liquid
submerged fermentation process, the ABA maximum
production titer was eventually up to 6.0 g/L. Subse-
quently, the world’s first industrial production line of
ABA was formally established through the cooperation
with the company Sichuan Lomon Bio Co. Ltd, which
greatly reduced the cost and price of ABA and further
promoted the application of ABA in agriculture.*’

Conclusions and perspectives

With the rapid development of society and increase of
population, the plant hormones, including both GAs
and ABA, are playing a more and more important role
in the agricultural field. However, the high price of the



microbial derived plant hormones still limited their
extensive application. Such as the final low product
titer and high consuming energy of the fungal fermen-
tation process, and the low efficiency product extrac-
tion method still limited the reduction of the cost and
price of the final product and thus restrict the develop-
ment of the industry. Therefore, in future, much effort
is still needed to make the existed fungal process more
efficient and economical. With the help of numerous
novel research tools and more integrative information
based upon studies in genomics, proteomics, metabo-
lomics and systems biology, fungal strains would not
only achieve higher titers of GAs and ABA but would
also obtain higher GAs and ABA productivities. Fur-
thermore, one of the major challenges to the microbial
derived GAs and ABA process will be the development
of an efficient and economical downstream process
with fewer steps and high efficiency. In summary, the
microbial production is a green and sustainable process
for the plant hormones (GAs and ABA) production.
With the continuous deepening of research, we believe
that the microbial production of plant hormones will
have a bright future.
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