PETER HOCHACHKA

ROOTS & BRANCHES
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environment inspired other labs around the world to take up his
pioneering ideas and study the details of many specific system:

His insights brought integration to a vast field of comparative
and medical research

www.kenstoreylab.com



The Dawn of
Comparative Physiology

1865: Claude Bernard
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certain animals which offer favorable anatomic arrangements or
special susceptibility to certain influences. This is so important that the
solution to a physiological or pathological problem often depends
solely on the appropriate choice of the animal for the experiment so as
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Comparative
Biochemistry
Unfolds

1920: A. Krogh ~ Nobel Prize
Mid-190006s ~ Vi ki
P. Scholander
K. SchmidtNielsen
K. Johansen
A Canadian ~ F. Fry
Biochemistry ~ F. Lippman
H. Krebs
O. Warburg Doing what Knut

told me to do -

Comparative Textbook ~ E. Baldwiihitiatias

Amazon June 1967
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THE WRITTEN RECORD
Molecular Archeology

1) Publishing from 19612002
* Publishing fAgsteatd virtual
* Started with Review Articles, Synthesis Chapters and
Field-leading research contributions.

2) 1970- 1980 114 papers
1980- 1990 98 papers
1990- 2000 113 papers
* Science, Nature, PNAS, major journals of Biochemistry,
Physiology, Comparative studies, Review Series, etc.

3) Over 200 collaborators as-authors

4) Early Work 19701985 dominated by graduate student worle =
Later (thru 19906s) more integratiyve:

5) THE BOOK! Strategies of Biochemical Adaptation
* Right Place, Right Time
* UNIQUE, VISIONARY (not compilation of data)
* Synthetic A Drove investigations in the whole field

6) Oxygenrelated studiesA Cent r al AL ak e oPeterhlwaydretuiained t o

...........



PWH: The Published Record

A. Fossil Hunting
AEarliest papers - (1961) Q debt in fish
- CHO metabolism (aerobic) in lobsters
- Canadian Journals (Biochemistry, Zoology)!

Ara of temperature 1964970 ,
' o 9

- fish models (many species
- blueprint for approach to
‘ "\1 = "u‘ ' \‘.. ‘

metabolism set out

Aemperature paradigm abando
(1970-71)
- Framework of approach to
metabolism/adaptation key

l ,

RN Alpha Helix

BBrief Pressure Phase:
- Helix Galapagos
- Helix Hawalii

-
)

Amazon, 1967



PWH: The Published Record

— B. Era of Oxygen
* Initial Approaches *

- Branch points: PEP branchpoint.
Phospheregulation (Oyster)
Decreased metabolic rate (Turtle)
Brain as Model (Turtle)

Diving (Anoxia) (Turtle, Porpoise)

* Qverall *
- Mo st studi es were ni

" C. Conceptual Parallels : 1961 2002
‘ - Themes (Revisited)

- Frameworks (Expanded)

- Concepts (Elaborated Upon)



THE SHADOWY BEGINNINGS
OF O, STUDIES

THE BRAIN TRUST:
A PWH as BRAINS
A Starts with:
4 JBC Articles
2 Major Reviews
2 Synthesis Art

* |ROLE OF ~ Models: Turtle on desk
Oyster in cold room
Dolphin in Vancouver aquarium

Helix: Amazon 1967
Galapagos 196970
Hawalii 1973



THE HUGE EXPLOSION OF CREATIVITY &
CHANGE INEARLY -MI D 700 s

A TEMPERATURE LAB SUDDENLY CHANGES :
A Sudden fispeciati onbo
- Into Anoxia (oyster, turtle)
- Into Pressure (culle-sac)
- Into Diving (G, limitation)
- Exercise (Qand anaerobic capacity)
- High O, (squid, bees)

A Maintenance of directions *emerging from*, O
for rest of career:
- Exercise (muscle metabolism, anaerobic sco
- Mitochondria (Q metabolism)
- Diving (aerobic dives)
- Metabolic Arrest (starts with anaerobic mode
- High altitude (oxygen limitations)

A Expansion of areas from a single point source
- Conceptual Drives : 19702002




Hypoxia: The Models

A Turtles A Nautilus
A Oysters A Octopus :
A Porpoise (dive) A Seals -
A Fish: A Goldfish e .
- Air breathing A Elite Athletes
- exercise A Highlanders
- environ. hypoxia A Greyhounds
A Squid (NOT !) A Horses
A Bees (NOT 1) A Lungfish
A Turtles
REVIEWS 1970s: Animal Models

1980s: Metabolic Arrest
1990s: Human & Animal Model Systems
2000s: Health, Disease




THE oWHYO OF
CREATIVE BURST

Punctuated equilibriu
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A. Synthetic Intuition
* the PWH approach

A8 B. Constancy of Concep




SYNTHETIC INTUITION

\L

Something Old, 9 - i#
Something New, - @

Something
Borrowed,

Some Glue.




SYNTHETIC INTUITION

FILTER

~ Transducer
/ ~ Organizer \

IDEAS IN
~ Ecology
~ Physiol. Ecology
~ PHYSIOLOGY
~ Metabolism

~ Methods of
Biochemistry

~ Molecular Biology
~ Genetics

~ *Revamp* IDEAS OUT
~ IDEALENS ~ Metabolic Arrangement
h T ~ Reorganization of

N Metabolism

~ Adaptive Change at

, Pathway Level

171 ~ Integration: multievels of
’ Biological Organization




SYNTHETIC INTUITION
COMPONENTS

IDEAS IN TRANSDUCER OTHER

~ Literature search COMPONENTS ~ STABILITY of non

~ Helix ~ IDEAS: PWH as research life 1970

~ Visits to Colleagues throughput onwards !

~ UBC itself ~ DATA: His Work ~ Excellent writing

~ EMAIL (1990) * P WH wor k fas IﬁSModel 0
~ Visitors * PWH dat a o~vNe?’|?RG[¥_F}e n$§ d o
~ His own lab data ~ COSTBENEEIT *Biggest fish in

~ Student Excitement * money (1) Canada
* students *THE BOOK'!

* collaborators ~ Never ncCi
* teaching vs research Wagonso.
* universitly O0servicebo




SYNTHETIC INTUITION

1) A new mix of ideas leads to a new field:

Physiology Diverse

Models
Comparative Biochemist
Biochemistr .

2) Any new set of data reorganizes itgbelbugh Peter
and returns as UNIQUE

3) Salvage Solutions from Chaos:
Hawaii: fish (NOT), Amazon,

Thesis ldeas, *DATA KNOTS*
4) Ti me Vampire: NnStude
5) ldeas versus GOOD ldeas
6) Sinkor-Swim




Student Wrangling

A 1 got PhD with 7th project | started
Topics a) Temperature and tuna (!)
b) Crabs and molting*gluconeogenesis
c )-KGDH (regulate TCA cycle)
d) DIVING: TURTLES (Porpoise)

A He let me SINK / SWIM

A Thesis as oO6minord

A Idea for final PhD: WRONG! Yet brillian

A | suggest crazy things: He said YES !l

A ~ bees, oyster, squid, porpoise |

Alntegration: iopt i#
~ diving review article

~ Helix trip although junior
~ Students work for THEMSELVES

7/
el



The Creative Burst: B
Progression and Constadcy

AConcepts, Approaches, Directions,
Technologies- all progressed
1960—— 2002

Arhere was a constancy of the
nNintell ectual
Peter saw science
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HUMANS ANIMALS

\\ //l
METABOLIC
Air ARREST _
N Aerobic
Breather \
RESSURE Anoxia Models
(Helix) X __— DIVING
\ ’ '
METABOLIC TEMP O EXERC|SE HIF &
CONTROL /
(REDOX) as MODEL —— Genes
1961 t0 1970 _+HighO , 02 Limits
// ELITE Mitochondria
squid PERFORMANCE \\
X HIGH
%1970-197 5 : U Hel i x, BRENDKTYPE
Hawaii (sabbatical), Alaska, Baby v
Literature, Students HUMAN
HEALTH




MOLECULAR MECHANISMS
OF
TEMPERATURE ADAPTATION

A symposium presented at the Berkeley meeting

of the American Association for the Advancement of Science

27-29 December 1965
Edited by

C. LADD PROSSER

Organization of Metabolism during
Temperature Compensation

PETER W. HOCHACHKA

Often it has been stated that a living organism is, in large measure,
a kind of bag filled with a concentrated mixture of many hundreds
of different enzymes, and that each enzyme is a highly effective cata-
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Warm Adapted

Structural Genes for LDH Subunits
o als [ c ] [ o]

Repressor System J‘

Effector Input LDH

Subunits

 LDH
isozymes

non-regulatory L.DHs
pyruvate == lactate

Cold Adapted

Structural Genes for LDH Subunits

l IA[BICI[DIEJ

Repressor SystemJ W W mRNA

[ 8] [R2B2] | ®s | [Bacel |
regulatory LDHs

t
R R

Controlled by non- regulotory LDHs

citrate & other pyruvate === lactate
Krebs cycle

“metabolites
Fig. 7. Schematic representation of control of enzyme synthesis during thermal
compensation. The repressor system on the left can be considered as a black
box that regulates only one set of structural genes specifying LDH subunits.
The control of another set (shown as the D-E system) is independent of the
state of thermal compensation. The inducible LDH subunits assemble into
LDHs that are regulatory. Not all of the 1sozymes formed are indicated in the

1965

Effector input
(Hormones, metabo- . Ll.JDH'
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Going malignant: the hypoxia -cancer

connection in the prostate

P.W. Hochachka, J.L. Rupert, L. Goldenberg,
M. Gleave, and P. Kozlowski

BioEssays 24: 749-757, 2002.
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, PETER HOCHACHKA AND OXYGEN
by K.B. Storey. 2003. In Hypoxia: Through the
Lifecycle. Adv. Exp. Med. Biol. 543: 331-337.
AR The Hypoxi a S

ADVENTURES IN OXYGEN METABOLISM
by K.B. Storey. 2004. Comp. Biochem.
Physiol. B 139, 3591 369




The Scientist is not a person who gives
the right answer,
He6s the one who asks t

-- C. Levi-Strausse

A Science is any discipline in which the fool of
this generation can go beyond the point
reached by the genius of the last generation.
-- Max Gluckman




WIT & WISDOM OF

AAA

Supervisors say the darndest things




Peterdods Favorit
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Source of many nAnpersonal



nIf you teach poorly enough for
long enough, they stop asking
~ Advice to me as | headed off to Duk




PWH: Finances

~

n My | ab 1 s full

>> Said to KBS when asked abou
taking Ken into his lab.

---15 minutes of discussion later

Take t hat des|

>> Sald to KBS when Peter
discovered that Ken had a
scholarship that paid both salary
and research expenses.
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Very | nterest

--Peter, dismissing an idea
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nNUnl ess you a
PACKLEADER the view
never c¢change

--Referring to norfleaddogs
In a dog sled team.




'Z;,ﬁ They wer e
(two) year s

-- Referring to the
two years of Ken:
1972 - 1974



Favourite Phrases

AReptilian scales fell from my eyes

AKnuckle-draggers
ALi ke water off




A Life:offScience Adventurere

Mentors
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Hooleachia

KnuttSchmidt! t-Neilsem, Ladd!Prosser,
Kielll Jehansen; UBG giantst[fex: BilbHoar]aFredrEry,
Hans Krebss AdHelix»Earhr! Stadtman), DUKE

[Zoalogyy,| JMVT eal; MV Telfared:



DO YOUR WORK, THEN STEP BACK.

THE ONLY PATH TO SERENITY.
-APTao Te Chingo by Lao Tz







