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Abstract

Bees are essential pollinators for ecosystems and agriculture; however, their populations are currently declining due to unintentional exposure to pesticides,
particularly neonicotinoids such as thiamethoxam. Although bees possess endogenous detoxification enzymes, their efficiency may not always be sufficient. This
study aims to develop a probiotic-based detoxification concept by genetically engineering Escherichia coli BL21(DE3) to express a cytochrome P450 monooxygenase
(CYP450) from Apis mellifera. Toxicity assessment of thiamethoxam on E. coli BL21(DE3) revealed high tolerance, with normal growth observed at concentrations up
to 2.5 g/L. However, induction of enzyme expression using IPTG proved toxic to the cells; thus, optimization tests determined 0.5 mM to be the optimal concentration.
Upon enzyme expression, HPLC analysis demonstrated a significant reduction in thiamethoxam levels after 48 hours of incubation. LC-MS analysis of the dominant
metabolite following detoxification identified an ion with a m/z of 261.0755, which corresponds to benzophenones according to the preliminary database. However,
further investigation suggested that this m/z also corresponds to desnitro thiamethoxam (CgH,CINsOS), a derivative of thiamethoxam through nitroreduction reactions.
These findings demonstrate the potential of applying bee-derived detoxifying enzymes for the development of probiotics to protect bees from pesticides in the future.

SMARI BEE SDGs
CHIANG MAI UNIVERSITY

Introduction Al proof-of-concept Results
% Investigation of thiamethoxam toxicity on E. coli BL21(DE3)
| —» SRk An enzyme capable of
/ 24 s detoxifying thiamethoxam A ? B 2
-y, CYP450 e
PSEKR ' = 15 * *kk *kk = 1 5 ** *kk *kk
' N c ™ ] - *_9:‘* *kkk  KkEkE o i il - = FREE kkn
Thiamethoxam - E.coli BL21(DE3) 3 S 4
LO *:EP** 'E *k*k%k
/< Bees’ gut symbiont ® whxx | 2 -
\)\/ >  Detoxified thiamethoxam 205 I I I 2 0 I I
Expression of c S '
/ detoxifying genes 8 0 = 0
N —
= (Sattayawat et al., 2024) S O %,\f'ﬁD (3@33 rb,\rﬁ3 (brﬁi’ .\{f,‘?’ N -%_ O %,\q? @6@ {b,\fif’ Q%fﬁ? R <° © O
. a A° N O O A7 N : '
Objectives § & o A
L _ _ Thiamethoxam concentration (g/L) Thiamethoxam concentration (g/L)
» To optimize IPTG concentrations for CYP450 expression Figure 1 Toxicity of thiamethoxam on E. coli BL21(DE3) (A) 24 hours and

* To determine the thiamethoxam depletion by CYP450-expressing E. coli (B) 48 hours. Data are mean of values from three biological replicates. Asterisks

* To investigate the chemical profile of CYP450- expressing E. coli after indicate statistical significance (*p-value < 0.05, **p-value < 0.01, ***p-value < 0.005).
detoxification
. Optimization of IPTG concentrations
Materlals & MethOdS P (Sattayawat et al., unpublished data)
_ | | A 12 B 10000 | BL21(DE3) |+ pRSFDuet-1-CYP450
e E.coliBL21(DE3) carrying pRSFDuet-1-CYP450-Kan plasmid > 10 T QOmMMIPTG 5 |
%) . T UC) 7 I T
o _ o , c 08 - 901 mMIPTG & ,, |
Investigation of the thiamethoxam toxicity on E. coli 03 06 = | --
_ _<h S% 04 20.5mMIPTG £ 16000 |
— JYYVY — JYYA i —_ | — 0 =1 mM IPTG I .
et — & e — ek : 0 :
k_t_ﬁ \_t_@ OmM 0.1mMO05mM 1TmM OmM 0.1mM05mM 1mM
E. coli Inoculated in Added ’ i . ! ! .
BL21(DE3) gy i s o 1&?&??3& é%inocurs OD 660 hm Figure 2 Heterologous expression pf be<=T CYP450 in E. coli Bi_21(D_E3) (A) The
- _ growth was observed after 4 hours of induction. (B) CYP450 band intensity. Data are
Optimization of IPTG Concentratlonsﬂ,__ | mean of values from three biological replicates. Asterisks indicate statistical
i Ae ™ rebaed e ﬁ — N significance (*p-value < 0.05, **p-value < 0.01, ***p-value < 0.005).
4= 4hours | f - Determination of E.coli BL21 (DE3) growth in the presence of
= =— _— thiamethoxam
E. coli Inoculated in Incubated at 30°C
BL21(DE3) M9 minimal medium Aeldes IPUE T T —— e B it A % oot B ° [aoszsaL
s . = . s |
Detoxification of thiamethoxam S g5 |0 o 15 |
- > o —-0.15625 g/L &g ——-0.15625 g/L
o s T ncubated ) 17 )1 ﬁ S z || =oommsgL z 1 |=oorasgn
5 - _ High-Performance 2 C
5_ 9 houri . i Liquid Chromatography 8 o5 | O a 0 | OOt
E. coli Inoculated in M9 minimal . Incubated at 30°C | ) Q '®)
BL21(DE3)  medium with 0.5 mM IPTG  Added thiamethoxam 150 rom for 48 hours \\m / © 0 = y " " ST, " o i ”
@_ Time (hours) Time (hours)
ST : : v — Figur rowth of E. li BL21(DE3) when thiamethoxam i resent (A
Investigation of chemical profiles after detoxification - gure 3 .G owth o co .( 3) ©! t a ethoxam is present (A)
Centrifugation Induced with 0.5 mM IPTG and (B) Without IPTG induction.
; Determination of thiamethoxam depletion and investigation of
HIE R | N chemical profiles after detoxification |
@ - \&/ - » Extracellular fractions
Intracellular . Cell pellet A 038 B Oh
E.(i tractions Cell lysis 0 hours * E ours
€ - < 06| [ 48 hours iE ~
LC-MS analysis =) = 90-;
LC-QTOF 6545XT s £ .
( ) Supernatant :§ 0.4 * 3 48 hours
5 RNE ©
m o n 8 0.2 - 'T_' . !
Discussion and Conclusions S 2 M Corresponds precisely to
_ . = Desnitro thiamethoxam (261.0754 Da)
e Bee cytochrome P450 monooxygenase (CYP450) was succesfully expressed in N i - o - :_;:
E. coli BL21 (DE3) | | | | | Thiamethoxam addition (g/L)
e The protein expression induced with 1 mM IPTG was low and inconsistent, whereas C
induction with 0.5 mM IPTG was optimal; however, impaired growth was observed freatment MZ  (min) ~ hesponse Metabotite Structure
e HPLC analysis showed a reduction in thiamethoxam concentrations when CYP450 ~
WaS ex ressed Supernatant 61,0755 e 6.661.137.38 low score: 2,3,4'-Trihydroxy- Nr \TL\/A/
P (Atiahceuf)::i::)the ' ' A 4-Methoxybenzophenone -~ \ir M
e LC-MS analysis suggested that the bee CYP450 metabolizes thiamethoxam via a e
denitration reaction producing desnitro thiamethoxam (Boufercha et al., 2022) Induced sample cemm | amEamae o077 - ﬁ ’<
(or Desnitro Thiamethoxam) N N\/i\/
247.0410 T
ACknOWIedgements Uninduced sample 2 Edls 122,216.54 g ji/

e Asst. Prof. Pachara Sattayawat and Ms. Kasimaporn Promubon

« SMART BEE SDGs Laboratory, Department of Biology, Faculty of Science, Chiang Mai University, Chiang Mai, Thailand Figure 4 E. coli whole-cell detoxification of thiamethoxam (A) HPLC

References analysis of thiamethoxam from feeding assay with 0.5 mM IPTG induction.
o Sattayawat, P., Inwongwan, S., Noirungsee, N., Li, J., Guo, J., & Disayathanoowat, T. (2024). Engineering Gut Symbionts: A Way to Promote Bee (B) LC'MS anaIySiS Of the metabolite after detoxification (C) LC'MS anaIySiS

Growth? Insects 15(5), 369. https //doi.org/10. 3390/msects15050369 : g ; . .
« Boufercha, O., Monforte, A. R., Boudemagh, A., Ferreira, A. C., Castro, P. M. L., & Moreira, |. S. (2022). Biodegradation and Metabolic Pathway of of selected mass with the hlgheSt abundance Change' Asterisks Indicate

the Neonicotinoid Insecticide Thiamethoxam by Labrys portucalensis F11. International Journal of Molecular Sciences, 23(22), 14326. statistical Significance (*p-value < 005)
https://doi.org/10.3390/ijms232214326



