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Comparing Amino Acid Sequences

Introduction

Some proteins are shared among all living things. Even though these proteins carry
out the same function, their exact shape and size—which depends on the amino
acids they are made up of—can be different from one organism to the next.

Yet if all living things are descended from a common ancestor, we would expect to
find similarities in their protein sequences.

Are proteins that have the same job made up of similar sequences of amino acids?

What patterns are there in amino acid sequences from different organisms?

DNA Polymerase 1 Protein

DNA Polymerase is a molecular machine that copies DNA. It moves along one
strand of DNA, adding one building block (nucleotide) at a time to make a new,
complementary DNA strand. Because copying DNA is essential for life, all types of
living things make this protein.

Comparing Amino Acid Sequences

You will be comparing amino acid sequences of DNA Polymerase 1 protein from
several different organisms to DNA Polymerase 1 protein from mouse. DNA Poly-
merase 1 is a very large protein, up to about 1,465 amino acids in size. You're going
to look at about 54 amino acids.

Instructions

1. Fold along the dotted line, below the mouse sequence.
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Structure of DNA polymerase protein,
shown with a small piece of DNA.

based on RCSD PDB reference 4q5v

MOUSE — DNA Polymerase 1 amino acid sequence (partial):
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2. Line up the mouse sequence with the sequence
below, and mark matches and mismatches:

e CIRCLE matches; SLASH mismatches
e If both are dashes, don't count it at all SOYBEAN _¢@_ - K:%f <« Example: 5 matches out of 10 = 50%

MOUSE - TLP-MS--VPLE

g COW — DNA Polymerase 1 amino acid sequence (partial):
(Y LIEIGENVLNGSVPVSQFEINKALTKDPQDYPDKKSLPHVHVALWINSQGG

4. Calculate the percent of amino acids that are identical between mouse and cow: -~ 51 = %

(# that are the same)

5. Repeat for the other sequences:

FRUIT FLY — DNA Polymerase 1 amino acid sequence (partial):
LEKIKTQIAEGVVPLPLFVITKQLTRTPQEYANSASLPHVQVALRMNRERN

percent identical between mouse and fruit fly: -~ 51 = %

(# that are the same)

YEAST — DNA Polymerase 1 amino acid sequence (partial):
LEDIRIKVETNNIRIDKYKINMKLSKDPKAYPGGKNMPAVQVALRMRKA-G

9)g
]

percent identical between mouse and yeast: +51 = %

(# that are the same)

£9) | Y. PESTIS - DNA Polymerase 1 amino acid sequence (partial):
[ & VRDYVARTLNGELDEQ-LVYRKRLRRRLDDYQRN-VPPHARAADEFNRKLG

percent identical between mouse and Y. pestis: +51 = %

(# that are the same)

© 2016 University of Utah Comparing Amino Acid Sequences (SetF) 2
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M. JANNASCHII — DNA Polymerase | amino acid sequence (partial):
IQDVIKDLREKKIKKEDLIIYTQLTKDPKEYKT--TAPHVEIAKKLMRE-G

percent identical between mouse and M. janneschii: +51= %

(# that are the same)

l: RANDOM amino acid sequence:
WVEFNTYLTTTNANWNGDMRGWANMITMMHGRAMWSFHYICKVLHPMCPVAG

percent identical between mouse and the random sequence: +51= %

(# that are the same)

6. Fill in the boxes on the cards with the percent identical numbers. Make sure to write your numbers BIG. Cut the cards apart.

ARCHAEA

M. jannaschii

RANDOM SEQUENCE

% IDENTICAL TO MOUSE % IDENTICAL TO MOUSE
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% IDENTICAL TO MOUSE

BACTERIA

Y. pestis

ANIMAL

% IDENTICAL TO MOUSE

FUNGUS

ANIMAL

% IDENTICAL TO MOUSE

% IDENTICAL TO MOUSE

Comparing Amino Acid Sequences (Set F) 4
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Comparing Amino Acid Sequences

Introduction

Some proteins are shared among all living things. Even though these proteins carry
out the same function, their exact shape and size—which depends on the amino
acids they are made up of—can be different from one organism to the next.

Yet if all living things are descended from a common ancestor, we would expect to
find similarities in their protein sequences.

Are proteins that have the same job made up of similar sequences of amino acids?

What patterns are there in amino acid sequences from different organisms?

RNA Polymerase 2 Protein

RNA Polymerase is made up of several proteins that work together (in yeast, there
are 10). RNA Polymerase transcribes DNA: it moves along one strand and builds a
complementary strand of RNA. Because transcribing the information from DNA to
make RNA is essential for life, all types of living things make RNA Polymerase.

Comparing Amino Acid Sequences

You will be comparing amino acid sequences of RNA Polymerase 2 protein subunits
from several different organisms to the Subunit B protein from mouse. This protein
has about 1,255 amino acids in all. You're going to look at just 60 of them.

Instructions

1. Fold along the dotted line, below the mouse sequence.
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Set G

Structure of RNA polymerase protein
complex, shown attached to a small piece
of DNA. Subunit B is shown in a darker
shade.

based on RCSD PDB reference 2e2i

MOUSE — RNA Polymerase 2 amino acid sequence (partial):

© 2016 University of Utah

YHLRGNEVLYNGFTGRKITSQIFIGPTYYQRLKHMVDDKIHSRARGPIQILNRQPMEGRS

Updated June 22,2017 1



NAME DATE

2. Line up the mouse sequence with the sequence
below, and mark matches and mismatches:

e CIRCLE matches; SLASH mismatches
e If both are dashes, don't count it at all SOYBEAN _¢@_ - K:%f <« Example: 5 matches out of 10 = 50%

MOUSE - TLP-MS--VPLE

ﬂ(% CHIMP — RNA Polymerase 2 amino acid sequence (partial):
\z\v A YHLRGNEVLYNGFTGRKITSQIFIGPTYYQRLKHMVDDKIHSRARGPIQILNRQPMEGRS

4. Calculate the percent of amino acids that are identical between mouse and chimp: - 60 = %

(# that are the same)

5. Repeat for the other sequences:

FRUIT FLY — RNA Polymerase 2 amino acid sequence (partial):
YHLRGNEVMYNGHTGRKINAQVFLGPTYYQRLKHMVDDKIHSRARGPVQILVRQPMEGRA

percent identical between mouse and fruit fly: + 60 = %

(# that are the same)

Q’@ YEAST — RNA Polymerase 2 amino acid sequence (partial):
.‘ YOSRGFEVMYNGHTGKKLMAQIFFGPTYYQRLRHMVDDKIHARARGPMQVLTRQPVEGRS

percent identical between mouse and yeast: + 60 = %

(# that are the same)

CORN — RNA Polymerase 2 amino acid sequence (partial):
PEYPGKSRIFDGRTGDPFEQPVLIGKSYILKLIHQVDEKIHGRSTGPYSLVTQQPVRGRA

percent identical between mouse and corn: +60 = %

(# that are the same)

© 2016 University of Utah Comparing Amino Acid Sequences (Set G) 2
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S. AUREUS — RNA Polymerase 2 amino acid sequence (partial):
MARDGKTVLYDGRTGEPFDNRISVGVMYMLKLAHMVDDKLHARSTGPYSLVTQQPLGGKA

percent identical between mouse and S. aureus: + 60 = %

(# that are the same)

G RANDOM amino acid sequence:
YWFMLSWAFPVCQLLFFQAWMANCFKKDQTLEHNLRRGVCSIYGEIIGKKHNRCEQRMTC

percent identical between mouse and the random sequence: +60 = %

(# that are the same)

6. Fill in the boxes on the cards with the percent identical numbers. Make sure to write your numbers BIG. Cut the cards apart.

BACTERIA

S. aureus

RANDOM SEQUENCE

% IDENTICAL TO MOUSE % IDENTICAL TO MOUSE

© 2016 University of Utah Comparing Amino Acid Sequences (Set G) 3



ANIMAL

chimpanzee

FUNGUS

yeast

© 2016 University of Utah

% IDENTICAL TO MOUSE

% IDENTICAL TO MOUSE

- ANIMAL
- fruit fly

% IDENTICAL TO MOUSE

% IDENTICAL TO MOUSE

Comparing Amino Acid Sequences (Set G) 4
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Comparing Amino Acid Sequences

Introduction

Some proteins are shared among all living things. Even though these proteins carry
out the same function, their exact shape and size—which depends on the amino
acids they are made up of—can be different from one organism to the next.

Yet if all living things are descended from a common ancestor, we would expect to
find similarities in their protein sequences.

Are proteins that have the same job made up of similar sequences of amino acids?

What patterns are there in amino acid sequences from different organisms?

RNA Polymerase 2 Protein

RNA Polymerase is made up of several protein subunits (in yeast, there are 12) that
work together. RNA Polymerase transcribes DNA: it moves along one strand and
builds a complementary strand of RNA. Because transcribing the information from
DNA to make RNA is essential for life, all types of living things make RNA Poly-
merase.

Comparing Amino Acid Sequences

You will be comparing amino acid sequences of RNA Polymerase 2 protein subunits
from several different organisms to the Subunit B protein from mouse. This protein
has about 1,255 amino acids in all. You're going to look at just 60 of them.

Instructions

1. Fold along the dotted line, below the mouse sequence.

Learn.Genetics.utah.edu (&
GENETIC SCIENCE LEARNING CENTER

Set H

Structure of RNA polymerase protein

complex, shown attached to a small piece
of DNA. Subunit B is shown in a darker
shade.

based on RCSD PDB reference 2e2i

MOUSE — RNA Polymerase 2 amino acid sequence (partial):

© 2016 University of Utah
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2. Line up the mouse sequence with the sequence
below, and mark matches and mismatches:

e CIRCLE matches; SLASH mismatches
e If both are dashes, don't count it at all SOYBEAN _¢@_ - K:%f <« Example: 5 matches out of 10 = 50%

MOUSE - TLP-MS--VPLE

§® ZEBRAFISH — RNA Polymerase 2 amino acid sequence (partial):
g YHLRGNEVLYNGFTGRKLTSQIFVGPTYYQRLKHMVDDKIHSRARGPVQILNRQPMEGRS

=

4. Calculate the percent of amino acids that are identical between mouse and zebrafish: -~ 60 = %

(# that are the same)

5. Repeat for the other sequences:

MOSS — RNA Polymerase 2 amino acid sequence (partial):
YOMRGFEVMYNGHTGRRLTAHIFLGPTYYQRLKHMVDDKIHSRGRGPVQILTRQPAEGRS

percent identical between mouse and moss: +60 = %

(# that are the same)

PENICILLIUM — RNA Polymerase 2 amino acid sequence (partial):
YOQOSRGFEVMFNGHTGRKLVAQVFLGPTYYQRLRHMVDDKIHARARGPTQILTRQPVEGRA

percent identical between mouse and mold: + 60 = %

(# that are the same)

PLASMODIUM — RNA Polymerase 2 amino acid sequence (partial):
SYNYNKYYLKNPFTGNMINNSICLNNIYYYKLIHMIKDKFRYRFIGLYSELTQQPIKGNT

percent identical between mouse and plasmodium: +60 = %

(# that are the same)

© 2016 University of Utah Comparing Amino Acid Sequences (SetH) 2
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M. JANNASCHII — RNA Polymerase 2 amino acid sequence (partial):
FKHHGKEVMYDGKTGKKFEVEIYIGIAYYQKLHHLVAGKIHARSRGPVQVLTRQPTEGRA

_— = )
percent identical between mouse and M. janneschii: - 60 - %

(# that are the same)

I_I RANDOM amino acid sequence:
PGEHSEYCSDWRSETCFCHSETLTMKANTYHIIQEKENGIPMRLHWLCIETGQFFEGGEN

percent identical between mouse and the random sequence: +60 = %

(# that are the same)

6. Fill in the boxes on the cards with the percent identical numbers. Make sure to write your numbers BIG. Cut the cards apart.

ARCHAEA

M. jannaschii

RANDOM SEQUENCE

% IDENTICAL TO MOUSE % IDENTICAL TO MOUSE

© 2016 University of Utah Comparing Amino Acid Sequences (SetH) 3



zebrafish

% IDENTICAL TO MOUSE % IDENTICAL TO MOUSE

FUNGUS

penicillium

PROTIST

plasmodium

% IDENTICAL TO MOUSE % IDENTICAL TO MOUSE

© 2016 University of Utah Comparing Amino Acid Sequences (SetH) 4
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Comparing Amino Acid Sequences

Introduction

Some proteins are shared among all living things. Even though these proteins carry
out the same function, their exact shape and size—which depends on the amino
acids they are made up of—can be different from one organism to the next.

Yet if all living things are descended from a common ancestor, we would expect to
find similarities in their protein sequences.

Are proteins that have the same job made up of similar sequences of amino acids?

What patterns are there in amino acid sequences from different organisms?

Recombination Protein RecA

This protein has different names in different species, including RecA, RadA, and
Rad51. Whatever the name, this protein helps cells repair damage to their DNA.
RadA binds to single-stranded DNA and recruits other proteins needed to repair
broken DNA strands. Because maintaining and repairing DNA are essential for life,
all types of living things make this protein.

Comparing Amino Acid Sequences

You will be comparing amino acid sequences of RecA-related proteins from several
different organisms to RecA protein from mouse. RecA has about 352 amino acids
in all. You're going to look at about 60 of them.

Instructions

1. Fold along the dotted line, below the mouse sequence.

Learn.Genetics.utah.edu (&
GENETIC SCIENCE LEARNING CENTER

Set J

Structure of RadA protein from the
archaeal species Methanococcus maripaludis.

based on RCSD PDB reference 3etl

MOUSE — RecA amino acid sequence (partial):

© 2016 University of Utah
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2. Line up the mouse sequence with the sequence
below, and mark matches and mismatches:

e CIRCLE matches; SLASH mismatches
e If both are dashes, don't count it at all SOYBEAN _¢@_ - K:%f <« Example: 5 matches out of 10 = 50%

MOUSE - TLP-MS--VPLE

@ ZEBRAFISH — RecA amino acid sequence (partial):

= 4
ﬁ NIKGISEAKADKILTEAAKMVPMGFTTATEF---HQRRAEIIQISTGSKELDKLLQ-GGI
4. Calculate the percent of amino acids that are identical between mouse and zebrafish: ~ 56 = %

(# that are the same)

5. Repeat for the other sequences:

NEMATODE — RecA amino acid sequence (partial):
NVKGISDQKAEKIMKEAMKFVQMGFTTGAEV---HVKRSQLVQIRTGSASLDRLLG-GGI

percent identical between mouse and nematode: + 56 = %

(# that are the same)

MOSS — RecA amino acid sequence (partial):
LIKGLSDAKVDKIIEAATKLVPMGFTSAKQM---HEQRAELIQITTGAKEFDNILE-GGI

percent identical between mouse and moss: + 56 = %

(# that are the same)

PLASMODIUM — RecA amino acid sequence (partial):
ATIKGISEQKAEKLKKACKELCNSGFCNAIDY---HDARQNLIKFTTGSKQLDALLK-GGI

percent identical between mouse and plasmodium: + 56 = %

(# that are the same)

© 2016 University of Utah Comparing Amino Acid Sequences (SetJ) 2
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Y. PESTIS — RecA amino acid sequence (partial):
--MAIDENKQ-KALAAALGQIEKQFGKGSIMRLGEDRSMDVETISTGSLSLDIALGAGGL

percent identical between mouse and Y. pestis: +60 = %

(# that are the same)

J RANDOM amino acid sequence:
MLETKLYLMDWSRRCPKIEHLTIKLTGAEYN---WHFSPAWGTNIGRYHGAKMYLK-SYD

percent identical between mouse and the random sequence: + 56 = %

(# that are the same)

6. Fill in the boxes on the cards with the percent identical numbers. Make sure to write your numbers BIG. Cut the cards apart.

BACTERIA
Y. pestis

RANDOM SEQUENCE

% IDENTICAL TO MOUSE % IDENTICAL TO MOUSE

© 2016 University of Utah Comparing Amino Acid Sequences (SetJ) 3



ANIMAL
zebrafish

% IDENTICAL TO MOUSE

% IDENTICAL TO MOUSE

ANIMAL

nematode

% IDENTICAL TO MOUSE

PROTIST

plasmodium

% IDENTICAL TO MOUSE

© 2016 University of Utah
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Comparing Amino Acid Sequences

Introduction

Some proteins are shared among all living things. Even though these proteins carry
out the same function, their exact shape and size—which depends on the amino
acids they are made up of—can be different from one organism to the next.

Yet if all living things are descended from a common ancestor, we would expect to
find similarities in their protein sequences.

Are proteins that have the same job made up of similar sequences of amino acids?

What patterns are there in amino acid sequences from different organisms?

Recombination Protein RecA

This protein has different names in different species, including RecA, RadA, and
Rad51. Whatever the name, this protein helps cells repair damage to their DNA.
RadA binds to single-stranded DNA and recruits other proteins needed to repair
broken DNA strands. Because maintaining and repairing DNA are essential for life,
all types of living things make this protein.

Comparing Amino Acid Sequences

You will be comparing amino acid sequences of RecA-related proteins from several
different organisms to RecA protein from mouse. RecA has about 352 amino acids
in all. You're going to look at about 60 of them.

Instructions

1. Fold along the dotted line, below the mouse sequence.

Learn.Genetics.utah.edu (&
GENETIC SCIENCE LEARNING CENTER

Set K

Structure of RadA protein from the
archaeal species Methanococcus maripaludis.

based on RCSD PDB reference 3etl

MOUSE — RecA amino acid sequence (partial):

© 2016 University of Utah

NIKGISEAKADKILTEAAKLVPMGFTTATEF---HQRRSEIIQITTGSKELDKLLQ-GGI
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2. Line up the mouse sequence with the sequence
below, and mark matches and mismatches:

e CIRCLE matches; SLASH mismatches
e If both are dashes, don't count it at all SOYBEAN _¢@_ - K:%f <« Example: 5 matches out of 10 = 50%

MOUSE - TLP-MS--VPLE

ﬂ(% CHIMP — RecA amino acid sequence (partial):
,,,5 NIKGISEAKADKILAEAAKLVPMGFTTATEF---HQRRSEIIQITTGSKELDKLLQ-GGI

P
7

4. Calculate the percent of amino acids that are identical between mouse and chimp: ~ 56 = %

(# that are the same)

5. Repeat for the other sequences:

OF d YEAST — RecA amino acid sequence (partial):

., EIKGISEAKADKLLNEAARLVPMGFVTAADF---HMRRSELICLTTGSKNLDTLLG-GGV
percent identical between mouse and yeast: ~ 56 = %
(# that are the same) -
CORN — RecA amino acid sequence (partial):
QIKGISEAKADKIIEAASKIVPLGFTSASQL---HAQRLEIIQVTTGSRELDKILE-GGI
percent identical between mouse and corn: + 56 = %

(# that are the same)

M. JANNASCHII — RecA amino acid sequence (partial):
EIDGISEKAAARIIEAARELCNLGFKSGTEV---LSQRKNIWKLSTGSKNLDEILG-GGL

percent identical between mouse and m. janneschii: + 56 = %

(# that are the same)

© 2016 University of Utah Comparing Amino Acid Sequences (SetK) 2
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E. COLI — RecA amino acid sequence (partial):
--MAIDENKQ-KALAAALGQIEKQFGKGSIMRLGEDRSMDVETISTGSLSLDIALGAGGL

percent identical between mouse and E. coli: + 60 = %

(# that are the same)

K RANDOM amino acid sequence:
WSVEHWFNCFPGVNTAKNSMYIITKVCMPQR---FYIYAITFQQODGCYFAPYDITW-QPL

percent identical between mouse and the random sequence: + 56 = %

(# that are the same)

6. Fill in the boxes on the cards with the percent identical numbers. Make sure to write your numbers BIG. Cut the cards apart.

BACTERIA

E. coli

RANDOM SEQUENCE

% IDENTICAL TO MOUSE % IDENTICAL TO MOUSE

© 2016 University of Utah Comparing Amino Acid Sequences (SetK) 3



UNGUS
yeast
% IDENTICAL TO MOUSE

ARCHAEA

M. jannaschii

F

chimpanzee
% IDENTICAL TO MOUSE

ANIMAL

% IDENTICAL TO MOUSE

% IDENTICAL TO MOUSE

Comparing Amino Acid Sequences (SetK) 4
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