Agrotoxicos en la alimentacion

Microbiota en Apis mellifera

¢Queé tiene la obrera en la panza?

Cesar Valdovinos Flores



Algunas definiciones previas:

Microbiota: Informacidn cuantitativa y cualitativa sobre los distintos microorganismos
presentes en un sistema. éCuales hay y qué tan abundantes son?

Microbioma: Las funciones que tiene dicha microbiota, el catalogo de genes

Probidticos: Cultivo de una sola o varias bacterias, las cuales aplicadas en animales,
benefician al organism huesped al mejorar las propiedades de la microbiota local.

Prebiodticos: Ciertos nutrients capaces de modificar la microbiota intestinal, aunque no sea
de facil digestion por el organism huesped, pero estimula el crecimiento o la actividad de
bacterias benéficas en el intestino.



Los humanos contenemos cerca millones de millones de
microorganismos simbiontes en nuestro cuerpo




La cual se instala durante nuestro desarrollo y depende de varios
factores
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Figure 2 | Bacterial diversity increases with age in each population. a-c, The
number of observed OTUs sharing =97% nucleotide sequence identity plotted
against age for all subjects (a), during the first 3 years of life (b), and adults
(c). Mean * s.e.m. are shown in ¢. *P < 0.05, **P < 0.005 (ANOVA with
Bonferroni post-hoc test).

Yatsunenko, T. et al. Human gut microbiome viewed across age and geography. Nature (2012).



En las abejas la historia es un poco distinta...

lleum:

Large dense bacterial community dominated by 3
characteristic species: Snodarassella alvi (on gut wall).
Gilliamella apicola (layered on top of S. alvi),
Frischella perrara (largely in proventriculus region)

_Also some hindgut-adapted Lactobacillus 2

Crop (honey stomach)
Few bacteria, including hive-
dwelling bacteria such as
Lactobacillus kunkeei,
Acetobacteraceae, such as
_ Parasaccharibacter — p— —

" apium ’ -
\\__'/

Rectum:

Large dense bacterial
community dominated by 2
hindgut-adapted
Lactobacillus clusters and
Bifidobacterium asteroides.

Midgut:

Lacks a stable cuticular lining
and has few bacteria, mostly
near ileum and resembling
ileum in composition.

-

S

Hive and Larvae:
Beebread, nectar, larval guts
share several environmental

bacteria, including
Lactobacillus species and
Acetobacteraceae

Current Opinion in Insect Science

Moran, N. A. Genomics of the honey bee microbiome. Curr. Opin. Insect Sci. (2015)



|:| Bartonella apis

|:| Parasaccharibacter apium

|:| Frischella perrara
|:| Snodgrassella alvi
D Gilliamella apicola
D Bifidobacterium spp.
|:| Lactobacillus Firm-4
|:| Lactobacillus Firm-5

|:| Other

Kwong, W. K. & Moran, N. A. Gut microbial communities of social bees. Nature Reviews Microbiology
(2016). doi:10.1038/nrmicro.2016.43



Erratic, including Acetobacteraceae

members and Lactobacillus spp.

«——Feeding by—4 Gut lining shed

workers

Bacteria per gut

Dominant gut bacteria

Erratic 4_| 5.alvi, G. apicola, Bifidobacterium spp.,

Lactobacillus Firm-4 and Lactobacillus Firm-5
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Kwong, W. K. & Moran, N. A. Gut microbial communities of social bees. Nature Reviews Microbiology

(2016). d0i:10.1038/nrmicro.2016
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Como se transmite la microbiota en humanos... y en abejas?



Como se transmite la microbiota en humanos... y en abejas?

Transmission routes

Faecal-oral

Hive material Importance

Oral trophallaxis

Kwong, W. K. & Moran, N. A. Gut microbial communities of social bees. Nature Reviews Microbiology
(2016). doi:10.1038/nrmicro.2016.43



Diferencia en la diversidad de OTU’s
segun la casta de las abejas
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Kapheim, K. M. et al. Caste-specific differences in hindgut microbial communities of honey bees
(Apis mellifera). PLoS One (2015)



Diferencia en la proporcion de OTU’s
especificos segun la casta de las abejas
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Fig 3. Caste differences in specific bacterial phylotypes. (A) P. apium, (B) firm-5. Statistical differences
were tested with ANOVA, followed by post-tests for pairwise differences. Letters indicate significant pairwise
differences (_p<0.05)

doi:10.1371/journal.pone.0123911.g003

Kapheim, K. M. et al. Caste-specific differences in hindgut microbial communities of honey bees
(Apis mellifera). PLoS One (2015)



1. Production of
antimicrobal
compounds

2. Activation/
stimulation of
the innate
immune system

Protective microbial symbionts activate a series of mechanisms that displace
pathogens

Principales funciones de la microbiota: contra patogenos

3. Change in
pH condition
due to bactena
selection for
pH-tolerating
bactena

4. Promotion of
growth of other
bacteria that
can protect the
host

5. Competitive
exclusion by
efficient
epithelium
colomization

Hamdi, C. et al. Gut microbiome dysbiosis and honeybee health. Journal of Applied Entomology (2011)



Principales funciones de la microbiota: contra patogenos

Table 2

Experiments demonstrating a role of the microbiome in protection against pathogens

Pathogen Host Mode of infection Protector(s) Citation

Paenibacillus larvae . mellifera Ingested LAB* mixture Forsgren et al. [42]

Crithidia bombi . terrestris Ingested Entire community Koch and Schmid-Hempel [39°7]
Crithidia bombi . terrestris Ingested Entire community Koch and Schmid-Hempel [40]
Melissococcus plutonius . mellifera Ingested LAB* mixture Vasquez et al. [43]

Lotmaria passim . mellifera Ingested Snodgrassella Schwarz et al. [297]

Serratia marcescens . mellifera Ingested Entire community Raymann et al. [2477]
Escherichia coli . mellifera Injected S. alvi and G. apicola Kwong et al. [307]

Pathogen Host (+) Correlations (—) Correlations Citation

Crithidia bombi
Crithidia

. terrestris None reported S. alvi, G. apicola Koch et al. [41]

. impatiens, Alpha 2.2 G. apicola Cariveau et al. [36]
. bimaculatus,

. griseocollis

. impatiens, None reported Cariveau et al. [36]
. bimaculatus,

. griseocollis

cerana MNone reported S. alvi, Lactobacillus Guo et al. [34]
cerana None reported S. alvi, Bifidobacterium Guo et al. [34]

. mellifera F. perrara None reported Maes et al. [287]

. mellifera None reported Bifidobacterium, Lactobacillus Erban et al. [46]

. mellifera G. apicola, F. perrara S. alvi and Lactobacillus Erban et al. [47]
Bifidobacterium

Nosema

Sacbrood virus
Melissococcus plutonius
Nosema spp.
Paenibacillus larvae
Melissococcus plutonius

2k Dhohb b

Raymann, K. & Moran, N. A. The role of the gut microbiome in health and disease of adult honey bee workers.
Current Opinion in Insect Science (2018)



La microbiota puede influenciar el comportamiento del hospedero

: Microbial species  Interaction with .
Animal or consortium behavior Implication
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Ezenwa, V. O., Gerardo, N. M., Inouye, D. W., Medina, M. & Xavier, J. B. Animal behavior and the microbiome. Science (2012).
doi:10.1126/science.1227412



Asociacion de padecimiento en humanos con microbiota particular

Table 1| Examples of associations of human conditions with particular microbiota characteristics

Disease
Psoriasis

Reflux oesophagitis

Obesity

Childhood-onset asthma

Inflammatory bowel disease (colitis)
Functional bowel diseases
Colorectal carcinoma

Cardiovascular disease

Relevant finding Refs
Increased ratio of Firmicutes to Actinocbacteria

Oesophageal microbiota dominated by gram-negative anaerobes;
gastric microbiota with low or absent Helicobacter pylori

Reduced ratio of Bacteroidetes to Firmicutes

Absent gastric H. pylori (especially the cytotoxin-associated gene A

(cagA) genotype)

Larger populations of Enterobacteriaceae

Larger populations of Veillonella and Lactobacillus

Larger populations of Fusobacterium spp. 101,102

Gut-microbiota-dependent metabolism of phosphatidylcholine 136

Cho, I. & Blaser, M. J. The human microbiome: At the interface of
health and disease. Nature Reviews Genetics (2012)



Forage quantity
Forage quality
Supplemental feed

! NUTRITION

Caloric needs
Dietary requirements
Nutrient storage
Gut physiology
Microbiota

Declining honey bee health
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Mites
Viruses
Fungal pathogens
Bacterial disease

'PATHOGENS

Current Opinion in Insect Science

Dolezal, A. G. & Toth, A. L. Feedbacks between nutrition and disease in honey bee health. Current Opinion in Insect Science
(2018). d0i:10.1016/j.c0is.2018.02.006



Environmental and
Developmental Factors

Antibiotics
Chemicals
Climate/Season
Diet
Age/Caste
Other molecules

Fitness Changes

Immune function
Metabolism
Hormones/behavior
Removal of toxins
Growth/development
Pathogen susceptibility
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|:| Bartonella apis

|:| Parasaccharibacter apium

|:| Frischella perrara
|:| Snodgrassella alvi
D Gilliamella apicola
D Bifidobacterium spp.
|:| Lactobacillus Firm-4
|:| Lactobacillus Firm-5

|:| Other

Kwong, W. K. & Moran, N. A. Gut microbial communities of social bees. Nature Reviews Microbiology
(2016). doi:10.1038/nrmicro.2016.43



Cambios en la microbiota por el empleo de antibioticos
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FIGURE 1 Effect of antibiotic treatment on allelic diversity in Gilliamella apicola (a, b) and Snodgrassella alvi (e, f). The average nucleotide
diversity (n) between all control and antibiotic-treated bees (c, d and g, h) for each day post-treatment (Days 0, 3, 5, and 7) for the two marker
genes from each species. Box-and-whisker plots show high, low and median values, with lower and upper edges of each box denoting first and
third quartiles, respectively. The central vertical lines represent the data range, with a maximal distance of 1.5 interquartile ranges. *p < .05,
**p < 001, and ***p < 0001, Wilcoxon test [Colour figure can be viewed at wileyonlinelibrary.com]

Raymann, K., Bobay, L. M. & Moran, N. A. Antibiotics reduce genetic diversity of core species in
the honeybee gut microbiome. Mol. Ecol. (2018)



Cambios en la proporcion de microorganismos
por el empleo de antibidticos

Taxonomic sum mary

Streptophyta
Rare taxa*
Rhodospirillales
Unassigned
Meisseriales
Rhizobiales
Bifidobacteriales
Lactobacillales
Pasteurellales
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FIGURE 2 | Relative abundance [cumulative with error bars) of bacterial taxa (order) in bees exposed to different pesticide treatments in three
experimental sites. Each column in the graph ks th ge {n = B) of tha percentage abundanca of aach taxa in each pesticide treatrmeant. “Rare taxa” indicates
ordars that wene < 1% in average abundancs across nples.”

Kakumanu, M. L., Reeves, A. M., Anderson, T. D., Rodrigues, R. R. & Williams, M. A. Honey bee gut
microbiome is altered by in-hive pesticide exposures. Front. Microbiol. (2016)



Cambios en la proporcion de microorganismos
por el empleo de antibidticos

Taxonomic sum mary

Microbotryomycetes
Sordariomycetes
Tremellomycetes
Rare taxa®
Saccharomycetes
Other
Daothideomycetes

0o
Chierothalonil Caontral Coumaphos Fluvalinate

Treatment

FIGURE 3 | Relative abundance of fungal taxa (class) in control, coumophos, fluvalinate, and chlorothalonil treated honey bees. Each column in the
graph ks tha £} of the percentage abundance of each taxa in sach pesticide treatment. “Rare taxa” indicates classes that ware <2% 2
abundance : ples.”

Kakumanu, M. L., Reeves, A. M., Anderson, T. D., Rodrigues, R. R. & Williams, M. A. Honey bee gut
microbiome is altered by in-hive pesticide exposures. Front. Microbiol. (2016)



Cambios en la proporcion de microorganismos
por el empleo GLIFOSATO
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Motta, E. V. S., Raymann, K. & Moran, N. A. Glyphosate perturbs the gut
microbiota of honey bees. Proc. Natl. Acad. Sci. (2018)



Cambios en la proporcion de microorganismos
por el empleo GLIFOSATO
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Motta, E. V. S., Raymann, K. & Moran, N. A. Glyphosate perturbs the gut
microbiota of honey bees. Proc. Natl. Acad. Sci. (2018)



Susceptibilidad a la bacteria Serratia por el empleo
GLIFOSATO

Serratia challenge

GH+Gly

GH:gut Homogenate-exposed
bees;

Gly: Glyphosate treatment
MF: microbiota-free bees
Ser, Serratia challenge
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Motta, E. V. S., Raymann, K. & Moran, N. A. Glyphosate perturbs the gut
microbiota of honey bees. Proc. Natl. Acad. Sci. (2018)



Metabolismo
Nutrientes '\
Cambios de pH \\
Patégenos
Parasitos
Plaguicidas

Cambio climatico '\
Pérdida de habitat

Falta de forrajeo

When stressors preveil, dysbiosis occurs and
honeybee experiences health problems

Manejo de
Recursos
Simbidticos

Metabolismo Patdgenos
Nutrientes Parasitos
Cambios de pH 4 Plaguicidas

Estimulacién del Cambio climatico
¢ sistema inmune innato Pérdida de habitat
JExclusion por competitividad Falta de forrajeo
Compuestos antibidticos

Re-balance of dysbiosis contributes to limit
stressor effects, restoring healthy conditions

Crotti, E. et al. Microbial symbionts of honeybees: A promising
tool to improve honeybee health. N. Biotechnol. (2013).
doi:10.1016/j.nbt.2013.05.004



éQué sabemos de su uso en humanos?

Suez, J. et al. Post-Antibiotic Gut Mucosal Microbiome Reconstitution Is Impaired by Probiotics and Improved by
Autologous FMT. Cell (2018). doi:10.1016/j.cell.2018.08.047



Como cambia la microbiota por una alimentacion rica en
Moringa en vacas

Distribucion OUT de la microbiota fecal. Azul: Grupo que no
consumioé Moringa, Rojo, grupo con dieta baja en morina, Verde
grupo con dieta alta en moringa



Box 1| Ten areas of microbiome inquiry that should be pursued

* Understanding microbiome characteristics in relation to families: which features are inherited and which are not?*
* Understanding secular trends in microbiome composition: which taxonomic groups have been lost or gained?*

* For diseases that have changed markedly in incidence in recent decades, do changes in the microbiome have a role?
Notable examples include childhood-onset asthma, food allergies, type 1 diabetes, obesity, inflammatory bowel
disease and autism.**

* Do particular signatures of the metagenome predict risks for specific human cancers and other diseases that are
associated with ageing? Can these signatures be pursued to better understand oncogenesis? (Work on Helicobacter
pylori provides a clear example of this.)*

* How do antibiotics perturb the microbiome, both in the short-term and long-term? Does the route of
administration matter?*

* How does the microbiome affect the pharmacology of medications? Can we ‘micro-type’ people to improve
pharmacokinetics and/or reduce toxicity? Can we manipulate the microbiome to improve pharmacokinetic stability?**

* Can we harness knowledge of microbiomes to improve diagnostics for disease status and susceptibility?*

* Can we harness the close mechanistic interactions between the microbiome and the host to provide hints for the
development of new drugs?*

» Specifically, can we harness the microbiome to develop new narrow-spectrum antibiotics 7

* Can we use knowledge of the microbiota to develop true probiotics (and prebiotics)?**

*Areas currently under investigation. *Proposed areas for investigation.




¢Qué papel juega la microbiota?

Host Malnutrition Food
genotype (undernutrition) iInsecurity

!

Impaired
absorption Decreased

IImmune

(for example, € Gut microbiota <*—>
environmental function
enteropathy)

\ Infection with /

enteropathogens

Kau, A. L., Ahern, P. P,, Griffin, N. W., Goodman, A. L. & Gordon, J. I. Human nutrition,
the gut microbiome and the immune system. Nature (2011).
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Esta trucha arcoiris habia ingerido 17 fragm
plastico. La contaminacion plastica marina tiene un
papel desconocido en la exposicion humana a los

productos quimicos toxicos.













