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Explore Biochemical Evidence for Evolution
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Electrophoresi
phoreS|s?  Powerful teaching tool
* Real-world connections
e Laboratory extensions
o e Tangible results

‘._f,}: = |
Bl : ~ e Link to careers and industry

o e Standards-based
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Scientific Inquiry

e Use of gel electrophoresis to
fingerprint proteins

o Use of experimental controls

o Creation of standard curves and
cladograms

e Interpretation of experimental
results

Genetics

* DNA = RMNA = protein = trait

o Molecular ws, morphological
classification

# Posttranscriptional and
posttranslational modification

* Phylogenetic and cladistic
analyses

Cell and Molecular Biology

® Eulkaryotic cell structure and
function
e Muscle structure and function

Chemistry of Life

o Chermical and physical properties
of proteins

# Protein structure (19, 2%, 3%, 4%}
and function

® Protein extraction techniques

o Chemistry of protein
electrophoresis

Evolution

o Cladistics and phylogenetic
relationships

 Biodiversity and natural selection

# Evolution of adaptive traits

¢ Physical environment as

selective farce

Environmental and Health Science

Interdependence of organisms
Detecting and analyzing
variations in proteins
Comparative proteomics
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. #nﬁlyze protein profiles from a variety of
is

e Study protein structure/function

 Use polyacrylamide electrophoresis to
separate proteins by size

e Construct cladograms using data from

- students’ gel analysis
= 4 =
Bl ~ « Compare biochemical and phylogenetic
- relationships.

o Sufficient materials for 8 student
workstations

e Can be completed in three 45 minute lab
sessions
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* Introduction
e Sample Preparation
e Load and electrophorese protein samples
o e Compare protein profiles
o8 = e Construct cladograms
e Stain polyacrylamide gels

 Laboratory Extensions
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Traditional
e Classification
and —Kingdom
—Phylum
—Class
—QOrder
— Family
—Genus
R — Species
Y (] /1%
FE~a_ e Traditional classification based upon traits:
T = —Morphological

— Behavioral
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e Traits are the result of:
— Structure
—Function
* Proteins determine structure and function

e DNA codes for proteins that confer traits
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e Changes in DNA lead to proteins with:
— Different functions
—Novel traits
— Positive, negative, or no effects

* Genetic diversity provides pool for natural
selection =
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Procedures

Wl ! Load and
electrophorese
Extract fish muscle proteins samples on
precast
polyacrylamide
gels at 200V

A for 30 minutes

Stain with Bio-Safe” Coomassie and destain with water

‘ Add fish muscle

} and sample buffer
| to micro test tube

Gently flick tube
to agitate sample

Lanes:
: X ; g::;;;(.‘mdurds -—s e ES Myosin heovy chain
Incubate samples for 5 minutes at room temperature i) Lo, e
3 Salmon = e e e = e Actin
4 Trout g f g g = _ Tropomyosin
S T T LA 5 Catfish ~ae -
Pour extracted 6 Sturgeon ) - Myosin light chain
2 7 Actin and myosin
protein samples standards z -
anda
into
screwcap tubes r ;
> .p Xl ‘ Analyze results and dry gels (optional)

Heat protein samples for 5 minutes \ Compare molecular data to evolutionary tree
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Laboratory
Quick Guide

AN WD

Comparative Proteomics Kit I:
Protein Profiler Module - Quick
Guide

Lesaon 1 Guick Gulde

1 Labelone 1.5 m Alplop mico tube for sacs of
fve T5m sampes. Alsa kabe one eormwoap Tl
tube for sach fsh sample.

L Ao 350 pl of Blio- Fad Lasmmi| sampls ouller i

mmch abeies fligtop mlorotuse,

3. Cana pleos of mach fieh muscls about 035 ¥0.25
¥0ZSemd (D 1and ranster sach plece nio 3
zbedesd fllptop o kg ube, Cloms tnellds

4. Flick the microiubes 15 Imes io agitate the tssue
I e sampie buter.

2. Incubee for S minines &t room ismeralre,

E. Car=fuly Tansier the buffer by pouring from aach
fiiptop mizrrube into 3 lateied corswnap
microlube. Co mot rarsker the fsh!

7. HeatTe fish samples In Somwoap mbooiuDes
for S mirvsles =t SEMC.

b

Leseon 2 Guick Gulds

1. Betup MicEFROTEAN 2 ool box and add 1x TGS
electrophore=sis buffsr to the chamber.

Z Prepor= a Ready Gel assstis by cuting
Flong the Hiack [ine on the botomof the
casseti= with 2 mzor blads anc puling off
the piastic striz, &5 Indlcated on g=
casmetls

3. FAsmose the com bom e Resdy Ge
casmetls

4. Piace Remady Gelcassene iImotne
electnde avsemly wih the shov plals
facing Inward. Piace a buffer dam or
anolner Ready Gel cassefe on the
ooposie side of the elecimde assembiy,
with nonch on bufer cam facing nward

0 2

/
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What’s in the

Tris buffer to provide appropriate pH

SDS (sodium dodecyl sulfate) detergent to
dissolve proteins and give them a negative charge

Glycerol to make samples sink into wells

s— * Bromophenol Blue dye to visualize samples
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Why the
Samples?

' oes ] % SDS, heat
1 R

 Heating the samples

denatures protein - =\ € ] _
complexes, aﬁowin the -(? { ) Proteins with SDS
separation of individual y -

proteins by size ‘ ‘
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DNA TAC GGA TCG AGA TGA
mRNA AUG CCU AGC UCU AcCU
tRNA UAC GGA UCG AGA UGA

Amino Acid Tyr Gly Ser Arg STOP
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e Break protein complexes into individual
proteins

 Denature proteins using detergent and heat

e Separate proteins based on size
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e Size measured in kilodaltons (kD)

e Dalton = approximately the mass of one
hydrogen atom or 1.66 x 1024 gram

e Average amino acid = 110 daltons

//0
R—CH—C
| N

NH, ©OH



Muscle
Contains

Titin 3000 Center myosin in sarcomere

Dystrophin 400 Anchoring to plasma membrane

Filamin 270 Cross-link filaments

Myosin 210 Slide filaments

heavy chain

Spectrin 265 Attach filamentsto plasma
membrane

Nebulin 107 Regulate actin assembly

a-actinin 100 Bundle filaments

Gelosin 90 Fragmentfilaments

Fimbrin 68 Bundle filaments

Actin 42 Form filaments

Tropomysin 35 Strengthen filaments

Myosin 15-25  Slide filaments

light chain

Troponin (T.I.C.) 30,19,17 Mediate contraction

Thymosin 5 Sequester actin monomers
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e Actin

—5% of total protein | VEAH ($——— BB —¥ 188 |

—20% of vertebrate —
muscle mass

— 375 amino acids Thick
=42 kD Filaments

—Forms filaments (Tepse

° MyOSi n Thin ST S ey Sty NNy o ety : k
— Tetramer Filaments )
—two he avy su bunits (actin) D | R TR TRTHTD | &3
(220 kD) H Zone \
. Z Line P Z Line
—two light subunits - Sarcomere
(15-25 kD)

—Breaks down ATP for
muscle contraction
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How Does an

?
Work: i’_ ses % SDS, heat
e Negatively charged - =\ € i ]
pro%_eins n¥ove to d -( ? { ) Proteins with SDS
positive electrode ‘ 3 ‘

e Smaller proteins
move faster

* Proteins separate by
size
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* SDS detergent
(sodium dodecyl sulfate)

—Solubilizes and
denatures proteins

—Adds negative
charge to proteins

e Heat denatures
proteins

CH,

O—w— —
I

SDS
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Separate
Proteins?
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* Polyacrylamide gel has a tight matrix

e Ildeal for protein separation

e Smaller pore size than agarose

* Proteins much smaller than DNA
—Average amino acid = 110 daltons

—Average nucleotide pair = 649 daltons

— 1 kilobase of DNA = 650 kD

—1 kilobase of DNA encodes 333 amino acids =
36 kD
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—Myosin Heavy

Chain (210 kD)
ww.—Tropomyosin
(35 kD)

~ Myosin Light
Chain 1 (21 kD)
Myosin Light

\ Chain 2 (19 kD)

. Myosin Light

Chain 3 (16 kD)
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250 ‘
150\
100 0= 4 .
75— o— sy sy —— Myosin Heavy
50 E E  —=] Chain
— e———- - -~ 23
37— w—— S — Actin
o5 ig = —Tropomyosin
R s —_—— - C—— -
20_ : C— - :: - :
—— Myosin Light
15— D s — — T Chains
Sp— — ———
10— ——

Polyacrylamide

250
150
100 —
75—
50—
37—
25~

20-L_

— —* G B s B — Myosin Heavy
r— Chain

Guiicil) Gl T S

. » .
: 3 — . S — Actin
S g o W0 “ — Tropomyosin
H
Myosin Light
o ’ Chains

Agarose
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Determine
Size of Fish

Q&
— S &
Proteins o
& F ot
B &
%) Aol ) @) Q & <
Epn IIIilI*III-IIIlllllilrl—l.iAll'-IllI".JIIl— Measure
| distance from
250 base of wells to
150 \ the base of the
100 O _ bands
50— ===
50 — b ——
25 ¥ TEEEY 7T
Measure - e —
prestained 20 — w—— — — — .
standard bands < x . Gy Meatls_uriﬂslgI
between ~30 15 — — T — T protein bands
and 10 kD S 4 between ~30
and 10 kD
\ 10— -
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50 +
45
40
35 -
—— 30 _
—
—r— 25 +
w————37 (12 mm)
20 +
25 (17 mm) 15 4 .
TSN 20 (22 mm) 10
—15(27.5mm) 5 |
— 10 (36 mm) 0 w w : |
0 10 20 30 40
Distance migrated (mm)
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100
With
Semi-log
Graph Paper

0 10 20 30 40

Distance migrated (mm)
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Using Gel Data
to Construct a

or

Scombroidel Percoide: .
i , Perciformes  Pleuronectiformer sodontiforme
a—— ,
—_— <
\ \ | -
Acanthopterygii

Esociformes

Acanthomorpha

-~ : l “-dq
pa'.c."'h°p|nq y‘"‘})"w

Actinopterygii

i\

Chondric
onolchlhyn/
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Each Fish
Has a
Distinct Set
of Proteins

Shark Salmon Trout Catfish Sturgeon

Total #
proteins 8 10 13 10 12
Distance | 25, 26.5, | 26,27.5, | 26,27.5, | 26,27.5, | 26,27.5,
proteins | 29, 36, 29, 32, 29,29.5, |29, 32, 30, 30.5,
migrated | 36.5,39, | 34.5, 32,34.5, |36.5,38, |33,6355,
(mm) 44,52 36.5, 36.5, 38.5,41, | 37,39,

37.5, 37.5, 46, 47.5 39.5,42,

40.5,42, | 40.5,42, 44,47

45 45, 46.5,

51.5
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2% | o | © > = Q 5
Some of 32|38 | £ |2 |8 | g |3
Those 5 | a5 | X
Proteins 26 315 X X
Are Shared 26.5 31.0 X
Between 27.5 30.0 X "
= 28.5 29.1
Fish AR T
30 27.6 X X
30.5 27.1 X
32 25.6 X
33 24.7 X
34.5 23.2 X X
35.5 22.2 X
36 21.7 X
36.5 21.2
37 20.7 X
375 20.2 X X
38 19.7 X
38.5 19.3 X
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Shark Salmon Trout Catfish Sturgeon

Shark 8 2 2 2 2
Is Salmon 2 10 10 5 3
Generated | 2 o | 13 : a
and Catfish 2 5 10 2
Sturgeon 2 3 4 2 12

Constructed
Shark Sturgeon Catfish Trout Salmon
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Swordfishes,

Snappers, perches,
mackerels, tunas

seabasses, groupers
el .
g Puffers,
Flat fishes, triggerfishes
Scombroidei Percoidei flounders, soles
Crocodiles Cods,
alligators haddocks, Perciformes  Pleuronectiformes Tetraodontiformes
¢ Birds Dinosaurs Anglerfishes, pollacks Trout "
O fcha p rout-perches,
> \ = goosefihos B3 cavefishes
4 N S ¢ }
3 v Pikes
\ B
Crocodylomorpha Aves Lophiiformes Gadiformes Percopsiformes . Salmons, trouts
“ Aoam ggrtenal 7
Lizards
Dinosauria Paracanthopterygii
Mammals
¢
Lepidosauromorpha Archosauria

Tortoises,
turtles, t

Acanthomorpha
Carps, minnows,
errapins

piranhas

Diapsida

catfishes,

Protacanthoptrygii
ic eels

Herrings,
Testudines Mammalia

sardines, anchovies

Ostariophysi
Gars
Amphibians Reptilia )

— 2

Coelacanths

- 3

R

Sturgeons
Semionotiformes N «

Coelacanthimorpha

Teleostei
Amphibia Amniota

Chondrostei

Sharks,

- rays, sawfishes
Sarcopterygii Actinopterygii

Lampreys Chondrichthyes
- Osteichthyes

Hyperoartia
Crabs, lobsters, Horseshoe crabs
Evolutionary tree showing the relationships of eukaryotes. s"mps. bamacies spiders, scorpions
(Figure adapted from the tree of life web page from L
the University of Arizona (www.tolweb.org).)

I mq fishes
Gnathostomata

Octopods
squids, nautiluses
e
Limpets A ~
,?3 Hyperotreti Mussels snails, slugs <&
o Tunicates clams, v
\ 4 A Vertebrata

oysters |
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Pairs of Fish

May Have
More Iin
Common

Than to the

Others

Shark Salmon | Trout Catfish | Sturgeon

Shark 8 2 2 2 2

Salmon 2 10 10 5 3

Trout 2 10 13 5 4

Catfish 2 5 5 10 2

Sturge

on 9 2 3 4 2 12

Shark Sturgeon Catfish Trout Salmon
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* Independent study

e Western blot analysis
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