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Hypothesis

Natural background radiation is essential
for life and helps to maintain the stability of
our genome

Prolonged exposure to a sub-background
environment will be detrimental to living
systems
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REPAIR Project

Researching the Effects of the Presence
and Absence of lonizing Radiation




Radiation Research

SNOLAB Focus Issue
Volume 188, October 2017
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REPAIR project

Phase |I: Lake whitefish

Whole organism model for examining growth and development

Phase ll: Cell culture

Single-celled model for examining survival, DNA damage and
carcinogenesis

Phase lll: Yeast

Single-celled model for examining survival and transcriptional
regulation




Lake whitefish

Thome et al. 2017

Distance Dose rate
(cm) (mGy/day)
81.44 0.06 £ 0.01
67.15 0.11 £ 0.02
52.86 0.19+£0.03
38.58 0.39 £ 0.04
24.29 1.05 £ 0.09
10.01 4.40 £ 0.78




Lake whitefish

Lake whitefish

a3
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Lake whitefish

Embryos were reared at 2 temperatures:
« 5°C, 3°C

Embryos were analyzed at three timepoints:
* 40%, 60%, 80% development

Temperature Sampling timepoint (dpf*)
(°C+SD) Dishes Embryos 40% 60% 80%
Surface 5°C 47+0.2 39 1,950 38 58 79
Underground 5°C~ 4.6+0.3 43 2,150 38 58 79
Surface 3°C 33+£04 38 1,900 50 73 101
Underground 3°C 3.4+ 0.2 42 2,100 50 73 101




Lake whitefish

Life Sciences Laboratory
2015 - 2017




Lake whitefish

Cumulative weekly survival
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Lake whitefish

Cumulative weekly hatch
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Lake whitefish
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Cell culture

Life Sciences Laboratory
2019

Biological Safety Cabinet
Microscope
Cell counter
Water bath
Centrifuge

Tissue culture incubator
UPS




Tissue Culture Incubator Glovebox
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Background Radiation Characterization
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Background Radiation Characterization

Neutrons
Laboratory Neutron Flux (cm- s-1)
Underground 48x10%to1x10°
Surface 1x102to 3 x 107

Neutrons ~1000 x less underground

Beta

Currently measuring radionuclide concentrations
within cell culture media. [14C, 40K, etc.]



Background Radiation Characterization

Radon
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Background Radiation Characterization

Currently using GEANT4 to
run Monte Carlo simulations
to determine background
dose rates within the 3
radiation environments

1. UG standard incubator

2. UG REPAIR glovebox

3. Surface standard incubator E.x. model geometry of the glovebox

and internal components within the UG
REPAIR laboratory environment




CGL1 model system

Malignant

Hela cell

Normal
human
fibroblast

‘ Tumorigenic cell ‘ Non-tumorigenic cell Stanbridge et al. 1982




CGL1 model system
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Findings — tumorigenic phenotype:
Q dysregulation of cyclic AMP signaling
Q shifts in cellular adhesion profiles
CallilaECombonents Q altered nutrient transport system
— Q loss of TGFB1 signaling

2. NN 4.

hle-transcriptome
Microarray

Pirkkanen et al. Free Radic Biol Med 2019 Sep 30;145-300-311




Neoplastic transformation

60 kvP X-rays

»

Transformation Frequency (x10-)
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Sub-background effects

1 month

2 month

3 month
4 month
5 month

6 month

Sub-background
adapted cells
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NASA BioSentinel Mission

NASA last launched organisms
beyond low-Earth orbit (LEO) almost
50 years ago - the Apollo 17
astronauts, who reached the moon In
December 1972 ( < 2 weeks)

BioSentinel will gather data for 9 to 12
months and investigate the long-term
effects of deep-space radiation on
DNA and DNA repair

Distance to ISS: ~ 350 km
Distance to the Moon: ~385,000 km
Distance at 6 months: ~40,000,000 km




NASA BioSentinel

* Genetically engineered Saccharomyces cerevisiae

* Goal is to study DNA damage and repair mechanisms in the
deep space radiation environment beyond LEO

« Simplistic colorimetric endpoint quantifies changes in
metabolism due to accumulated DNA damage

Dose (Gy) Dose (Gy) Dose (Gy)
I]szﬂ]zﬂﬂl] 0 25 5 10 20 30 I];:““'I[If:[lﬂ[l

0.!0
;;ﬁ ’:o‘** )
o"o"ooo

Time: 0 hours Time: 19 hours Time: 24 hours

raddzi
radd2i

raddzi

nocells




Acknowledgements

>

BrucePover () #2558 Mitacs SNgLAB

Innovation at work

|—\IAB

: Hmms Hm : @ \EnGE
E FITUH s




	Diapositiva numero 1
	Diapositiva numero 2
	Diapositiva numero 3
	Diapositiva numero 4
	Diapositiva numero 5
	Diapositiva numero 6
	Diapositiva numero 7
	Diapositiva numero 8
	Diapositiva numero 9
	Diapositiva numero 10
	Diapositiva numero 11
	Diapositiva numero 12
	Diapositiva numero 13
	Diapositiva numero 14
	Diapositiva numero 15
	Diapositiva numero 16
	Diapositiva numero 17
	Diapositiva numero 18
	Diapositiva numero 19
	Diapositiva numero 20
	Diapositiva numero 21
	Diapositiva numero 22
	Diapositiva numero 23
	Diapositiva numero 24
	Diapositiva numero 25
	Diapositiva numero 26
	Diapositiva numero 27
	Diapositiva numero 28
	Diapositiva numero 29
	Diapositiva numero 30

