¥ BIOCHEMICALEVIDENCE FOR - 0 =y Jodoh
JOLUTION- -~ — %50 o

If two organisms have similar DNA molccules; they have similar proteins. Similar proteins have
similar amino acid scquences {orders). Thus, if amino acid scquences arc similar, DNA of the
organisms is similar. : '

> Scientists belicve that simmilar DNA sequences indicatc a common origin. The more similar the
DNA of two living organisms, the more closely related they may be to one another.

Hemoglobin, a protein in red blood cells, has been studicd. Scientists know the specific amino !
acids and their arrangements in hemoglobin molccules of humans, gorillgs, and horses..

In this invectigation, you will -
{a) count and record differences in the sequence of amino acids in similar portions of
human, gorilla, and horse hemoglobin. : e
(b} countand record the molecules of cach amino acid present in similar portions of human,
gorilla, and horsc hemoglobin. )
(c) use these data to show how biochemical evidence can be used to support evolution.
1PpOTt »

@ :
Procedure ' - | D "«
3 Part A. Amino Acid Sequence TABLE -26-1. ;\'Eu;\&lii}}cggf;tg:[ogfé;o !
 Figure 26-1 on page 102 represents the amino QUE: hathhis |
acid eequence of co:responding porticns of the ORGANISMS, NUMBER OF DIFFERENCES {
hemoglobin mclecules of horses, gorilias, and —
humans. , Gorilla
' and human P
: Horse :
e Read the aimino acid sequences from left to right and human ks
beginning at the upper lef:-hand comer of Figure Gorilla
26-2. Compaic the ~cquences of humans to the l anc horse “
sequences of gorillas \nd horses. An example of a
sequence dizference brrween humans 2nd gorillis .
. . - . ,’ . @ .
is shown in Figwie 26-1. : Part B. Numbers of Amino Acids
. e Count the number of each kind of amino acid in
) human hemoglobin. Recora the totals in the
® Record in Table 26-1 the total numbcr of proper column of Table 26-2.
differences in the sequences of gorilla and human
} amino acids. Then repeat this procedure for horse e Ccunt cach amino acid in the hemoglobin of
and human, and for gorilla and horse. gorillas and Lorscs. Record these in Table 26-2.
Human:  Val  His  Pro
This is 4 sequence difference beiween human and gorida. .
Gonlla: val  His  Gly
. This is a sequence dilference between gonlla and horse.
3} Herse: vai  His  Pro .
Thit 15 nat a sequence difference hetweoen heman and horse.
FIGURE 26-1

.



Human:

Corilla: .

Horse:

Human:
Gorilia:
Herse:

Hoeman:
Corilia:
Horse:

Human:
Leritlas
Horse:

Human:
Gozilla:
lioise:

Human:
Corilla:
Herse:

Human:
Corilla:
Horse:

Human:
Corilla:

Horse:

Human:
Gotitla:
FHowse:

Leu
Leu

Leu

C
G

—~
()

ly
fy
ly

Lys
Lys

‘e
14

Lys

. Ala
Al

5

Loy

ey
Lou

Leu

Lea

Leu

Yot :
| ) Ley
Lys Val
Lys  Val
Lys  Val
Leu val®
leu  Wal
Lou - Val
Asp lLeu
Asp  Leu
Asp leu
Ala s
Ala  His
Al His
His Leu
Hie Loy
His fov
His  Cys
His Cys
His Ty
C)‘y Asn
Gy Ay
Giy A
Phe Thr
Phe  Thr
Phe T
Val  Ale
“ Nl Ala
\Val Ada

Asp

- AsD

Asp

Val
\al
Val

Ser
Ser
Ser

Asp
Asp
Acp

Val
Val
Val

Pro
Pro
fro

Asp
A
Ay

Val
Val
Glu

Tyr
Tyr
Tyr

Thr
Thr
Asp

Lys
Lys
Lys

Asp
Acp
Asp

lys
Lys

Lys

Leu,

Leu

JLeu

Pro
Pro
Ciu

Al
Aly
Al

Glu

AsSp

Asp

Glu

Pro -

Pro
Pio

Pro
Pro
Pro

Lys
Lys

Lys.

Leu
Leu

. Leu

Leu
Leu
Leu

Val
Val
Ala

Val
Val
Leu

Leu
Leu
Leu

Glu

- Glu

Glu
Glu

Asp

Gly

Val
Val -

Val

Lys
Lys

Lys

His
His
His

.C;s

Cys
Leu

Clu

Clu
Clu

Ala
Ala
Al

Val
val

Val

Thr
Thr
Thr

Ala
Ala

“Ala

Leu

‘Leu.
leu .

Cly

Cly

Va!

Val
Val

Val
Val
Val

Ala
Ala
Ala

His

“His

s

Ala

G|yA

Gly
Gly

Glu
GClu
Clu

val
Val
Vel

Gly
Giy
His

Thr
Thr
Thr

'Asp

Asp’

Asp

Leu
Leu

val .

Ala.
Ala
Ser

lys
Lys

Ly

Cly

Gly’
Cly -

Arg
Arg
Arg

Met
Met
Met

Ala
Ala
Ser

Phe
Phe

Phe

Pro
Pro
Pro

Ala

- Ala

Ala

Tyr
Tyr
Tyr

Ty
Tyt

‘ 3‘ ¢

val

Glu~

Glu,

Clu

Phe
Phe

Phe

Cly
Clv
Cly

Phe
Phe
Phe

Ala
Ala
Aia

Clu
Clu
Gluv

tiis
His
Arg

Glu
Giu
Giu

His
His
His

Ala
Ala

CAla

Phe
Phe
Phe

Asp
Asp
Asp

Ser
Ser

Gly

Thr.
Thr
Ala

Asp
Asp
ASD

His
His
His

Lys
Lys

Lys

Ala

Leu
Leu
teu

Glu
Clu
ASp

Pro
Pro
Pro

Asp
ASp

Glu

lev
Leu
Leu

Phe
Phke
Pire

Pne
Phe

Phe

Val
Val
Val

-~ Leu

Gly
Clv

,-'\Gzy

. Ser
Ser
Ser

Lys
Lys
Lys

Gly
Cly

Cly

Ser
Ser
Ser

Gly
Cly
Gly

Val.
Val

val

v owe

Arg

Arg
Arg

Phe -

Phe
Phe

Va?
Val

val

Leu

Lau

Val

Gilu

Clu

Giu ¢

Leu
teu
Leu

Lvs
Lys
Lys

Ala
A!a
Ala




Date

TABLE 25-2. NUMBLR OF E;\CH AMINO A'CID

AMINO ACID ABBREVIATION HUMAN GORILLA HORSt
W/\laninc Ala

Argininc Arg

Asparntic acid Asp

Cysteine - Cys T
| Glutamic acid Glu ’

Clycine ) Cly
P Histicine His B

Leuci—n—cm_ Leu

1

Lysine Lys :

Mclhiénine . Met - .

Fhenvlalanine - Phe |
oo T T e T

Serinc _ Ser

Threonine Thr

Tryp:cp;an Ty

Tyrosine ~ Tyr

Valine Val l
"Analysis

1. Where is hemoglobin normally found?

2. Circle these words which correctly

composed of amino acid

.o

4, {a) Which amino acid is most coimmon in a
{b) Which aminoe acid is nextmoest commaon in all three anima

(¢} Which amino acid is the least common in all three animals?

3. Hov many different kinds of

apply to or describe hemoglobin: protein, carbohydrate,

amino acids are present in these thice

1l three animals?

s, chemical molecule, composcd of DNA.

animals’ hemoglohin?

s
-

1s? __




5.

B.

10,

(1.

13.

Use your data from Tabic 26-1 1o answer these questions. A ™

{a} How sumnilar are e anuno acid sequences of human and gorilla hemoglebind oo

(b} How similar are human and horse hemoglobin? ..

(c} How similar are gorilla and horse hemoglobin? --

Of the diffcrent types of amino acids found in hemoglobin,

(a) how many are present i the same exact number in humans and jorillas?
(b} in humans and horses? - R —_ — S
(c! in gosillas and horse-? o S

On the basis of your answer 1o que estion 6,
(a) how siuilar ate the cheraical makeups of hunian and gorilla hemoglobin? e

(b} bow simiilar are human ard horse hamnoglobin? —

(¢} how similar are poritla and horse hemoglobin? -

\Which two animals scom ”_) have m-‘)rc similar heropobin? o e
The 1‘ ~ce of amino scids corresponds to the <"q'““m‘c of Lase miolucules in DNA. Are the base
sequences of DINA most similal in anmn and porilla, senlla and horse, or human and horsc!

’/\
l*.

In nrw::s C\,ncm l;o‘.« the base secquences (pencs) foc hemog! n formation cn huinan

chromoscomes differ from those arillas. (How many bases arc different?
ng

VWhat genetic mechanisiy may hzve been responsible for this base sequence change? oo

e e - e e e o i &

ents of
neally

Give 1eacans for supporting or rejecting the fo}lmv‘w statement. U son examination, Seg
Kuman and gorilia D.\.r;\ responsible for inhermance of hemoglobin should appest almoste

f

Give reasons for supporting or rejecting the following statement. Evolutonary relationships are

~

o~

strotiger brtween hiving orpa nisms which have close Fiochetnical jprotein) similaritics than benween .

living organisms which do not have close biochemical similaritics.




