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Linear No-Threshold model

“an increase in ionizing radiation exposure causes a
linear increase in the accumulation of deleterious
effects in organisms, with no safe level”

(ICRP 2007).

Health Risk

trapolation

Radiation dose

- >
Low dose range

I




Why is WIPP special? What goes on at WIPP?
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Waste Isolation Pilot Plant
Carlsbad, NM

U.S. only geologic deep repository for nuclear waste
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Access to the underground at WIPP

Must “brass in” and “brass out” at lamp room on the surface

Salt shaft Wase sht




WIPP’s anatomy. They’re called “back” and “ribs”, not ceiling and walls!

8m




LBRE lab @ WIPP: The challenge of doing science at a nuclear waste repository

e Limited lab space

e Access restricted to site operation hours, variable
according to the site operation conditions (Summer
2015 ~12 hrs shifts, Summer 2014, no access)

" LBRE connex-laboratory

2000 ft of shielding (with isotope “free” NaCl) reduces e Restriction on numbers underground

background dose to 5 nGy hr. Addition of pre WWII  High drift temperature which challenges incubators
steel vault adds shielding down to 0.2 nGy hr! (walls 15.2 to keep a constant 30 C.

cm tick)

F



Scenes from the LBRE WIPP lab (or how | now feel like a real biologist!)




Background controls (abovegroundvs. KCI)

e 2009 Aboveground control

* (Pl running back and forth to incubate cells and Bt e N
measure OD/sample (NOT very efficient or popular ., = G A ol
among WIPP personnel!). " —

e 2010 Belowground control at BSL-1 lab, with both
incubators in the same location.

HOW???
In steel chamber, one incubator is irradiated with 11.5 kg (5 uCi)

of KCl, with approximately 2 kg positioned on each of the 6 sides
of the cell incubator.

The 5 uCi of K exposes the cells to approximately 100 nGy/hr
dose rate, that approximates the dose rate at WIPP’s surface
(measured with Sodium- lodide detector)

ey i o
s - A~y
= gL e NS MG) IR 3 e AR
— P I 1 ///2:3 / 2010 0806



Dosimetry. How “real” is our background control?

elow-background-incubator——

|f163 nGy hr! ||

ke (background) 8

KCl inside the vault could irradiate the treatment K

incubator! ?! B

Are distance and shielding enough? As modeled with MCNP by Jeff Wood




Comparing the effects at equivalent below and above background doses
(because ANY amount of radiation is bad, right?)

2, N
s .
&
-1 L]
-15 . .
L]
-
L]
L]
L]
L]
L]
L]
= n
- %
L] = =
@ = - X 3
60 : P “ ” \' 30 e .
Co coupons irradiation “array g
400 X below 400 X above
Background

Subtracting radiation more of a stress than adding some!
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Prokaryotic models to study below-background radiation stress

Shewanella

International Journal of Radiation Biology, 2015; Early Online: 1-8 T I &F i
Ad t ? Eszr?ggfggzzgmﬁssn 13623095 online e T‘%S’E"‘“G’:‘inus
va n age S ° DOI: 10.3109/09553002.2015.1062571
e Short generation time Stress induction in the bacteria Shewanella oneidensis and Deinococcus

radiodurans in response to below-background ionizing radiation

e Amenable to relatively easy genetic analysis
 Taxonomically different

Hugo Castillo', Donald Schoderbek?, Santosh Dulal?, Gabriela Escobar’, Jeffrey Wood?*, Roger Nelson* &
Geoffrey Smith!

'Department of Biology, New Mexico State University, Las Cruces, NM, USA, 2Department of Agriculture, Food, and Nutritional
Science, University of Alberta, Edmonton, Alberta, Canada, 3School of Medicine, University of North Carolina,
Chapel Hill NC, and *Department of Energy-Carlsbad Field Office, Carlsbad, NM, USA
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Were S. oneidensis and D.radiodurans to tell the difference?

Shewanella oneidensis Deinococcus radiodurans b
0.16 nGy hrtransferredto 71.3 nGy hr? ~
71.3 nGy hr*
71.3 nGy hr?
0.16 nGy hr*
1
016 nGy hr ——
Cell count at 24 hes Cell count at 24 hrs
71.3nGy hrt 1.0620.54X10° CFU mL* 71.3nGy hr! 5.80%0.20X107 CFUmL?
i 7 o
0.16 nGy hr'* transferredto 71.3 nGy hr? 0.16nGy hrt 7.35:0.61X10* CFUmL? 0.16nGy hr* 4.4720.35X10° CFUmL™
0.16 into 71.3nGy hr? 1.1440.39X10° CFU mL? 0.16nGy hrtinto 71.3 nGy hr? 3.1840.16X107 CFUmL*
50 0 10 20 30 40 50 60
Time (hrs)

20 30
Time (hrs)

10




What about differences at a gene expression level?

4 katB oxyR recA lexA dnak SOA0154

[ . | [ l \ [ ! ) {—l_\ r—l—\ r—l—\

2
1i
a iﬁi Ei -

-1

Log2 fold change

-2

3

4 i Treatment

i b | Reciprocal control Castillo et al. 2015
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What if we look at the expression of the whole-genome?
(Initial insight to transcriptome analysis)

12 HiSeq lllumina —_—= = === === —==—=1

libraries equivalent | | | Reference genome
to one lane

X

DESeq

KEGG

EDGE-pro




Initial results from RNA-Seq transcriptome analysis....

25 20 15 10 5 ] 10 15 20
ABC transporters [
Two components systems [ | S. Oneidensis
Cell motility | @ stationary
S. oneidensis LBRE libraries Secretion systems 5|
180 Other transporters N
Translation I
140 E
nzymes = —
100 Phage shock protein [ ]
80 Nucleotide metabolism |
o Pyruvate metabolism o
40
2 Aminoacids metabolism =T
0 Oxocarboxylicacid metabolism O
Y
5hrs 24 hrs Lr Oxidative phosphorylation B
[ ] DO\Nﬂregulated | | Upregulated Sulfu r_relay svstems .
Double stranded break repair  —
Molecular chaperone [ |

' Undassified proteins
Hypothetical proteins [

Downregulated Upregulated
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How close are we to explain the molecular basis for what it seems to be a stress response?

DNA replication and
repair
rnhBA
yicR, SO_0783Y
Homologous
recombination
50 2431A
Base/nucleotide
excision repair
S0_3037, rpoZ, uvrD A
Double strand break
repair
s0_0543§Y

Translation
50_0007

tRNA(Ala, Arg, Cys, GIn,
Glu, Gly, Leu, Pro, Ser,
Thr, Tyr, Val, Met, His,

Phe, Asp)
rpmB, rpsA, rpsE v

Oxidative

phosphorylation
50_1017, nuoE, SO_2308,

cymA v

Anti-sigma factors
S0_0183, S0_4716 A

50_4489,50_3841 YW 50 _1582, sspA, greB
50_A0071, 50_4255\

|

1

fadR

Transcription factors

‘o

[2226cor Oy

Ribsole § Adenosine.GDP.

Rk &b

v

¢
v

Vitamun BI2
cosnzyme

¢
t

hutC, cspA, fabR,

systems

SO_3521, 50_0282,
gspM, gspN, SO_3218
Other transporters

ompK, ompW, omp35

ybdG, bamB, IptE, ebeA

Nucleotide metabolism
50_3435, purT A
Aminoacids metabolism
SO_1987, S01894,
S0 _4374,50_4221,
S0_0097, SO_2535,
SO_1581, hmgA,
hutl, serB, gdh, liuB,
astB
SO_3427Y
Vitamins metabolism
S0_1037,50_1038,
SO _10389, ubiC, cobT
Carbohydrates
metabolism
SO _0344, SO_0345,
maeB, acnD, prpF
Lipids metabolism
psd A

ABC transporters Signal transduction
SO_A0049, tupAv
Type I1/11l secretion

ttrR, cheX v

Let’s take some liberties to speculate:

Upregulation of translation and
aminoacids metabolism genes
suggest the need for significant
protein repair.

Substantial indication of regulation of
transport processes across the
membrane. What are the cells trying
to dispose of?

Upregulation of carbohydrates and
vitamins metabolism genes. Need to
keep up with higher energy
demands?

Regulation of DNA-repair related
genes, enough to suggest DNA
damage?



Perfecting the art of doing science under less than ideal conditions.
Initial results from Summer 2015

S. oneidensis D. radiodurans

05

0.25

04 Background

0.35
Below background

Growth (op,,,)

01

0 ] 10 15 20 25 30 0

0 40 50

Time (hrs) n=2 Time (hrs) n=4

Waiting back at NMSU, final analysis of metabolites and fitness assays.......



Future research/plans

1. New research-driven hypotheses from transcriptome analysis: Expansion on challenge studies

2. In a multicellular organism, is low radiation signal transmitted across tissues to give a behavioral output ?

Sensory input (0.2nGy/h)

— ( > Behavioral
— y Output

Tissues: epithelial muscular  neuronal etc.

Short-short term plans: C.elegans (Full life cycle in only 5 days)

Medium-term plans: Aedes aegypti (Relatively long term exposure of adult males)

Start looking for a permanent position!
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Rshield

Rdrii‘t

Total dose rates

Description Dose rate Relative
(nR/h) Error (%)

Total dose rate in +KCI incubator (Rpius): 7.13¢3 0.5

Total dose rate in -KCl incubator (R,,inus): 16.3 1.0

Total dose rate in drift (Rarife): 234.3 0.19

Total dose rate in geometric center of LBRE vault 630 3.41

(Rahicta):

Table 9: A list of total dose rates of interest for the LBRE experiment is shown
here. A diagram showing the approximate regions of interest is shown in Fig-
ure 2.



Activity of radon in drift

Description Value
Average Rn concentration in drift: 0.2 pCi/L
Average Rn concentration (SI): 7.4e-6
Bq/cc
Volume of modeled drift air: 1.408¢9 cc
~ Gamma activity of radon inside modeled drift: 1.042¢4
Bq
Activity of radon inside vault and incubators
Description Value
Average Rn concentration in vault: 7.4e-6
Bq/cc
Volume of air in vault: 5eb cc

Gamma activity of radon in vault:

37 Bq




Abundance of U, Th, and K in a typical WIPP salt sample

Isotope | Abundance| Specific | Mass Normalized| Effective | Branching
(ppb) Activity | Fraction Mass Total Ratios for
(Bq/g) (amu/total)| Fraction Activity | Gamma

Fraction | Radiation

U-238 29 1.26e4 6902 2.36e-7 2.97¢-3 Complex
Scheme

Th-232 78 4.20e3 18096 6.19e-7 2.60e-3 Complex
Scheme

K-40 169 2.74e5 6760 2.31e-7 6.32¢-2 10.75%




