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airline flights
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Spermophilus richardsonii,
Richardson’s ground squirrel

Spermophilus tridecemlineatus,
13-lined ground squirrel

0
Myotis lucifugus, little brown bat
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* Seasonal phenomenon

* Pre-hibernation
hyperphagia

e Gain up to 40% c

body mass

Cell Processes

3. Selective ge

ESSES

A/RNA synthesis
Protein synthesis
Fuel metabolis
lon pumping
Work done

ATP turnover

e Gene ‘inactivatio
e Few Genes a

12/19/2012



IC RATE
ESSION

n Synthesis slows to 1%
mps & channels closed
Energy Production slows to 5%
» Energy Utilization slows to 2%
e Few ‘SAP’ kinases activated

A. RNA Isolation
control experimental

oo
i

o
~

B. cDNA Generation
C. Labeling of Probe

Reverse Transcri ptase
T l Fluorescen| t l ¥
\ ags /
B,
At =
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D. Hybridization
to Array
ﬁ

CREENING

E. Imaging

@ Sample A1

Sample A =B
@ SampleB=A
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TOLERANT
ANIMALS

ERRESTRIAL INSECTS
e INTERTIDAL MOLLUSCS & BARNACLES

e AMPHIBIANS & REPTILES:
- FROGS (6 species)
- HATCHLING PAINTED TURTLE
- GARTER SNAKES
- LIZARDS (some)

Garter snake,
Thamnophis
sirtalis

Painted turtle
hatchlings
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errapene carolina

i “«OSCAR’

CHORUS FROG
Pseudacris triseriata

SPRING PEEPER
Pseudacris crucifer

T, AP
¥\ 4 GRAY TREE FROG : |
~ Hyla versicolor

'
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WOOD FROG
Rana sylvatica

OG LIFE

in the woods, eating & growing
e in insulated spots on forest floor

- freeze when hibernation site falls
about -2°C; survive frozen to -1

- thaw & revive, move to woo

* Acclimation
required

* Glucose
* Glycerol
« Sorbitol
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Blood

ycogen (180 mg/Q)

e Liver is ~12% of wor
body mass

=
@
S
T
-

=

Q

=3
T

* Glucose distribution

.
via Blood: ol 43 Kianey®
Liver > e
Core organs > of #4477 Muscle
Periphery o 1 2 s

Days frozen

Days thawed

FREEZING

polism to synthesize
otectants (polyols, sugars)

end against mtracellular desiccation

ACCOMPLISHED BY:
* Activate signaling enzymes in eve
- ‘SAP’ kinases

- Role: reversible controls

i\( e selected genes

Phos a

Glucose-1-P +
glycogen (n-1)

Kinase

Phos b

. =

phosphatase

Liver
Phosphorylase a

1

5

Activity, Ulg

/"—\_ﬂL—d

025 3060 2 3 1 2 3 1
min hours days min hours
TIME OF FREEZING TIME OF THAW
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DUCED
ANGES

e ‘inactivation’

rotein Synthesis slows to 1%
Pumps & Channels closed
Energy Production slows to
Energy Utilization slows
Few ‘SAP’ kinases a
Gene inactivatio

Few Genes a

OWNS :
10, FR47

ne sequences discovered by
library screening

enes moved to other cell types
Genomic sequences now know

On-Off Regulation: Protein

Proteins are biomanufa

Non freeze toleran
transformed

DUCED
OOD FROGS

Library / Gene Chip

* Only 1 % of genes “on”

e The Unknowns:
Fri1o0, Lil6, FR

N OF THE
N PROTEINS

in cells in culture

Survival of -6°C freezing
in the presence of
verexpressed proteins

or mammal cells

ession of Lil6 & FR10
protects cultured cells
from freezing damage

100
80
60

* Lil6 is intracellular

40

% Cell survival

* FR10 is exported

* Both bind to membranes »

Lil6 FR10 NT none

12/19/2012

10



Stress Model

Vertebrate
whole-body
freeze tolerance

Tissue
cryopreservation
-~

Tolerance of extreme
ischemia and
hyperglycemia

reeze organs to create organ banks
- stem cell research - grow new organs
C. FAR FUTURE:
- cloning of tissues (one cell --> organ
- artificial tissues (from non-cell so
D. XENOTRANSPLANTS
- Dangers and risks?
E. Clone “NEAR-HUMANS” for
- Society plus science
- Have your own clo
- The rights of a

SERVED
ISSUES

« TEETH, BONE

* BONE MARROW
* PANCREATIC TISSUE
» THYROID TISSUE

« CORNEA

= VEINS * PARATHYROID TIS
« BLOOD CELLS * FETAL TISSUES
* HEART VALVES AT LIV

TRANSPLANT

ds wait for a few organs

you be able to pay for an organ?

ociety Solutions: Dollars, Science, Morals

L ORCANS $$ from rich to poor peo
Organs from poor to rich people
Morally correct? How to regulate?

B. Get organs by “PRESUMED CO:
- Will doctors revive or harv
- How dead do you have
- Religious / spiritual i

12/19/2012
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== Sclentists revive
~ frozen human brain!
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HUMANS

ES IT WORK ?

id Nitrogen Storage (-196°C)

- frogs only to -20°C (cell destruction)
- fragility/crush (neurons)
. Frozen Liquid Expands !

. Bits and Bobs
. Time to Preservation (oxygen |
You’'ve paid UPFRONT for
Legal implications (th

B
C
D
E.
F.

www.carleton.ca/~kbstorey

Bt e s et frmt

freeze humans and then
m back in the future for
“eternal life”?

ho would be chosen for this (costly)
procedure?
B. How would we pay for re-animation and
re-integration into society?
- for 20 subjects
- for 2000 subjects
- for 2 billion subjects
C. Spiritual / Religious i

D. Legal implication

ETABOLICRRATIE:

12/19/2012
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