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Selenized glucose can be easily prepared via the selenization reaction of glucose using in situ generated
NaHSe as the selenization reagent. The technique has been industrialized to produce the chemical in
kilogram scale, making it an easily available material in laboratory presently. The selenized glucose may
be widely used as the starting material for the preparation of selenium-containing catalysts, as the
organoselenium additive for feeds, and as the efficient selenium-enriched foliar fertilizers. In this work,
we found that treating Fusarium graminearum, a fungal pathogen inciting wheat scab disease, with
selenium glucose could significantly inhibit the generation of the deoxynivalenol (DON) toxin, which
might be a breakthrough for reducing the detriment of the wheat scab disease.
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Published by Elsevier B.V. All rights reserved.

Chalcogen elements have very wide application scopes for
their unique bio- and chemical-activities [1-3]. In the field,
investigations on selenium chemistry are unfolding with com-
prehensive application scopes [4-21]. In our cases, we recently
began to pay attention to the application of the selenium-
containing chemicals in agriculture [22]. In comparison with
traditional chemical pesticides, there are many advantages in
using the selenium-containing substitutes. As an essential
element for human beings that can be metabolized in the body,
selenium is safe to the environment [23]. Moreover, the tolerance
of selenium residues is better than that of transition metals
according to the latest revision of the USP's New Standard and
Method for Elemental Impurities Control in 2017 [24]. Since China
possesses rich selenium resources, the price of selenium is
relatively low and the cost for producing the related selenium-
containing chemicals is acceptable if the preparations are
controlled in limited steps of reactions. Despite the bio-effects,
the use of selenium-containing chemicals in agriculture may also
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facilitate the selenium-enrichment in the products, i.e., they have
doubled beneficial effects on both disease control and selenium-
enriched food production.

On the other hand, wheat scab disease (Fig. 1a) is one of the
major wheat diseases caused by Fusarium graminearum species
complex (Eg.) (Fig. 1b) [25]. It is prevalent in the wheat production
area of the middle and lower reaches of the Yangtze River, the east
of spring wheat area in Northeast China and the wheat production
area of South China, and can cause up to ca. 10%-80% yield loss. One
of the major detriments of this disease is the generation of
mycotoxin deoxynivalenol (DON) (Fig. 1c) in wheat grains, which is
one of dangerous secondary metabolites threatening human and
animal health [26]. Selenium treatment was able to inhibit
Fusarium growth and mycotoxin production [27,28], but the
present techniques employ the inorganic selenium compounds
such as Na,SeOs and Na,SeO,, which are highly toxic and not safe
to the environment [29]. Recently, we found that the relatively safe
selenized glucose could inhibit DON toxin generation caused by
the Eg. Herein, we wish to report our findings.

Selenium powder was used as the selenium source for its low
cost and stability. Treating selenium powder with NaBH, led to
NaHSe, a very strong nucleophile that could react with carbonyls
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Fig. 1. Disease symptoms of wheat scab disease (a), the micrograph of Fg. (b) and
the chemical structure of mycotoxin DON (c).

through nucleophilic addition. The selenization reagent (NaHSe)
was prepared in situ and used without separation. Its addition with
glucose occurred in ethanol medium and produced the selenized
glucose smoothly [30,31]. Different from the synthesis of organo-
selenium compounds such as selenocysteine and selenomethio-
nine [32,33], in the protocol, the bio-compatible glucose was used
as the carrier for the low valent organoselenium and the selenium
uploading process required only one-step reaction [30,31].
Therefore, the production cost can be significantly reduced when
compared with traditional organic synthesis and product separa-
tion, in which multiple steps are involved. The selenized glucose
has already been commercialized and can be used in the selenium-
enriched fertilizer production [34]. A series of selenized glucoses
with different selenium contents could be prepared by adjusting
the molar ratios of the selenium powder vs. glucose (Table 1).
Details for the preparation of the Se/C materials were given in
Supporting information. The selenium contents were determined
by inductively coupled plasma-mass spectrometry (ICP-MS). The
use of 1 mol% of selenium (vs. glucose) led to Se-glu (1%) with 0.11%
weight content of selenium (Table 1, entry 1). Se-glu (10%) and Se-
glu (20%) were also prepared via similar methods and the weight
contents of selenium were 3.23% and 6.57%, respectively (Table 1,
entries 2 and 3).

Bio-activities of the selenized glucoses were then tested via F.g.
inhibition experiments. Details of the bio-test experiments were
described in Supporting information. The Fg. isolate PH-1 was
cultured in the trichothecene biosynthesis induction (TBI) solid
medium supplemented with a series of selenium-containing
compounds, and the diameter (d) of mycelial colony was measured
at 96 h after culture, with the Fg. growth diameter (do) in the TBI
medium without supplementation of any form of selenium as a
control (CK). The growth inhibition rate of the hyphae was
calculated via the equation: Inhibition rate = [(do-d)/do]*x100%.
Photographs of the experiments were depicted in Fig. 2, and the
detailed data were summarized in Table 2. Compared with the
control (Table 2, entry 1), all of the Se treatments except for
the treatment with Se-glu (10%, 5 mg/L) (Table 2, entry 4) delayed
the growth of the fungus, and the diameter of the colonies became
smaller (Table 2, entries 2, 3, 5-9). The inorganic Na,SeO4 also
inhibited the growth of the Fg. (Table 2, entry 8), and showed
much higher inhibition rate when supplemented with a doubled

Table 1
Selenium content of the prepared selenized glucoses.?

Entry selenized glucose Se/glucose® Se content®
1 Se-glu (1%) 1% 0.11%
2 Se-glu (10%) 10% 3.23%
3 Se-glu (20%) 20% 6.57%

2 The reactions were performed at 100 mmol of glucose scale.
> Molar ratio of the selenium powder vs. glucose.
¢ Weight content.

Na28eO4

Se-glu (1%)

Se-glu (10)  Se-glu (20%)

Fig. 2. The mycelial colony on the TBI medium cultured for 96 h treated by the
selenized glucoses and inorganic selenium, respectively.

Table 2
The inhibition rate of the Fg. growth by the selenium-containing compounds.?
Entry Inhibitor (concentration®) d (mm)© IR (%)¢
1 K 79.30 + 1.47 (do) -
2 Se-glu (1%) (5 mg/L) 77.77 + 1.04 1.93
3 Se-glu (1%) (10 mg/L) 76.78 + 0.96 318
4 Se-glu (10%) (5 mg/L) 80.56 + 3.57 ~1.59
5 Se-glu (10%) (10 mg/L) 7511 £1.21 5.28
6 Se-glu (20%) (5 mg/L) 76.86 + 1.72 3.08
7 Se-glu (20%) (10 mg/L) 78.68 + 1.06 0.78
8 Na,SeO, (5 mg/L) 78.93 +0.50 0.47
9 Na,SeO,4 (10 mg/L) 57.96 +0.54 26.91

2 Trichothecene biosynthesis induction (TBI) solid medium for 96 h.
b Selenium content.

¢ Mycelial diameter.

4 Inhibition rate.

Table 3
Inhibition of the DON accumulation by the selenium-containing compounds.?

Entry Inhibitor (concentration®) DON content (ppb)©
1 CK 35.86

2 Se-glu (1%) (5 mg/L) Not detected

3 Se-glu (1%) (10 mg/L) Not detected

4 Se-glu (10%) (5 mg/L) Not detected

5 Se-glu (10%) (10 mg/L) Not detected

6 Se-glu (20%) (5 mg/L) Not detected

7 Se-glu (20%) (10 mg/L) Not detected

8 Na,SeO4 (5 mg/L) Not detected

9 Na,SeO4 (10 mg/L) Not detected

2 Trichothecene biosynthesis induction (TBI) solid medium for 96 h.
b Selenium content.
¢ Detected by Triple Quadruopole LC/MS/MS.

dosage (Table 2, entry 9). However, considering its high toxicity,
Na,SeO, was not favorable from the environment-protection
viewpoint.

DON contents were determined by Triple Quadruopole LC/MS/
MS. In the control sample, DON content was detected to be
35.86 ppb (Table 3, entry 1). By treating with selenium compounds,
the generation of DON was completely inhibited, regardless of the
types of the selenium reagents (Table 3, entries 2-9). Thus,
although the selenized glucoses have weaker inhibitory effects on
the Eg. growth in comparison with Na,SeO,4 (10 mg/L), they are as
good as the inorganic selenium compounds in inhibition of DON
production. It is very interesting that, all Se forms (and various
dose) were able to inhibit DON production despite of showing
different effects on suppression of the pathogen growth. This is
possibly due to selenium inhibition of the expression of
trichothecene synthetic genes that are responsible for DON
production in the pathogen [35], and investigation of the exact
mechanism involved is underway. Moreover, toxicity test
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experiment according to GB 15193.3—2014 showed that the dose of
median lethal dose (LDsg) of the selenized glucose in mice was
246 mg/kg, which was much safer than Na,SeO,4 (LDsg = 1.6 mg/kg).
In addition, supplementation of glucose in the medium did not
have any effect on DON production by the pathogen [36]. Thus,
from the practical viewpoint, the selenized glucose will be more
preferable for their relatively lower toxicity than inorganic
selenium compounds such as Na,SeO,.

In conclusion, we found that selenized glucose may inhibit
the growth of Eg., and the inhibition rate was not as good as
Na,SeO,, but the material could significantly inhibit the genera-
tion of DON toxin produced by Fg. This is the first report of using
the relatively safe organoselenium compounds to reduce the
detriment of wheat scab disease, affording a potential environ-
ment-friendly method for using the relatively less toxic material. It
is also a breakthrough in the field and will largely expand the
application scope of organoselenium chemistry. The work also
demonstrates that selenized glucose, the commercialized seleni-
um source for selenium-enriched fertilizer production, may be
beneficial for the plant disease control and is a potential double-
effect reagent in agricultural chemistry [34]. The related experi-
ments on wheat in field environment and continuous inves-
tigations on the applications of the selenized glucose are ongoing.
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Appendix A. Supplementary data

Supplementary material related to this article can be found, in the
online version, at doi:https://doi.org/10.1016/j.cclet.2020.06.033.
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