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Part B Hemoglobin
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3. Look at the hemoglobin sequences for the five organisms shown
below. Hemoglobin is the Oxygen-carrying molecule of the red blood
cells. Only a portion of the chain has been shown here, between
amino acid numbers 87 and 116 in the sequence of 146 amino acids,

Figure 2: Hemoglobin amine acid sequences
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87 [THR THR THR| GOV ITHR]
8s [LEU| LEY LEU LEU LEU

89 |SER| [SER| [SER| [Se9 |eEm
9 (GLU}  GLU] GO [GLUY (6L
91 IWEUL  JLEUl  [LEDl  (EU] [LEG
92 [HIS| [HIS] [HS HS| [HS
23 ICYS] [CYS| [Cvs| [CYS] [CVS
94 JASPI  |ASP| |ASP! |ASP| [ASP
o5 |lys! |ivs] |I¥S| [ivs] [ivs
96 |LEU]  [LEU] [LEU! - [EEU] JiEU|

g7 |HIS|  |HIS] [AS| [WS] (@l
98 [VAL}  IVAL| [VAL] (VAL} [VAL
99 1ASP;  |ASP| |ASP| [ASP| [ASD
100 PRO] PRO| [PRG| [PRO| [FRO
101 \GLUl  |GLD] Bl |Gy oo
102 ASN}  |ASN] [ASN] [asNl [Asnl
103 PHE}  |PHE| |PHE| [PHE| [|PHE
104 ARG [ARG] [I¥S LYS| ARG
105 ILEU]  [LEU]  fLEU]  [iEd| [LEu
106 [LEU;  (LEU] [LEW] [fEO|  [CEGi
107 IGLY! [oly] [Gly] [eivl laly
108 JASNI  JASN] |ASN] JASN|  |ASN
109 \VAL}  WVAL] VALl VAL] VAL
110 [LEUl ILEU] JLEU] [Leul  [iRU
111 [VALI  JVAL] VALl |vall [Ala
112 Cvsl  |cys| [cvs| [ovs]  [iEu
113 VALl VALl  |vAL| [vadl vt
114 iUl LLEU]  TTEU]  [teUl (VAL
115 JALAlL  JALA]  [ALA|  fALA] |ALA
116 [HIS] [HIS| [AIS HIiS
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4. For each organism, count the amino acids in the sequence that differ
from the human sequence as you did for Part A and list them in Toble 2
in the Additionai Records and Observations section of vour Vee. Be
sure to list them in descending order according to their degree of
evolutionary closeness to humans.

In the study of hemoglobin, which veriebrate is most closely related
to humans? least closely related to humans?

In the Procedure section of the Vee Form, briefly summarize the proce-
dure you followed. Use the information on the Knowing Side of the Vee
Form to interpret your results from the Deing Side, then write your
Knowledge Claim. Write 2 Value Claim for this Iab.
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Part & Cytochromec

The greater the time that organisms have been diverging from a comrmon
ancestor, the greater the difference that can be expected in amino acid
sequences for proteins found in their bodies.

1, Cytochrome c, a protein found in the mitochondria of many organ-
isms, consists of a chain of 104 amino acids. Figure 1 shows the corre-
sponding parts of discontinuous cytochrome ¢ amino acid sequences
of nine vertebrates.

Figure 1: Cytochrome ¢ amine acid sequences
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42 [Gin Gin Gin Gln Gin . G f Gin Gin Gin
43 jAla Ala Ale Ala Ala Ala Ala Ala Ala
sl ] P s nd Sl
45 |Pro Giu Gly Ala Pro Gin Glu Pro Tyr
46 | Phe Phe Tyr Fhe Tyr Fhe Phe Tvr Pro
47 | Thr Sar Ser Ser Ser Ser Ser Ser Ser
[ e T Dt | QR il
42 |Thr Thr Thr Thr Thr Thr Thr Thr Tar
50 [Asp Asp Asp Asp Ala Asp Glu Ala Asp
53 |Lys Lys Lys Lys Lys Lys Lys Lys Lys
54 |Asn Asn Ser Acsn Asn Asn Asn Asn Asn
— b e i
55 |Lys Lys Lys Lys Lys Lys Lys Lys Lys
56 |Gy Gly Gly Gly Ciy Cly Gly Cly Gly
57 lle lie e fle lie s ite lle ile
58 |Thr Thr - Thr e Thr Thr lie Thr
60 jlys Gly Asn Gly Gly Gln Gly Gly Gly
61 |Glui (Gl Asn Glu Ghu Gin &) Giu Glu
62 | Glu Asp Asp Asp Asp Gin Glu Asp Asp
63 |Thr Thr Thr Thr Tar Thr Thr Thr Thr
84 jleu Lew leu Lew Leu Leu Leu Leu Leu
! e e e e i
65 | Met Rt Met Met Met Arg Met Met Met
e i
a5 |Gl Glu Giu Glu Glu lie Glu Glu Glu
100 | Lys Asp Ser Ser Lys Lys Asp Lys Lys
) o et peo
10% |Ala Ala ieia_ Ala ﬂ_’ Lé!.f._ Thr Alz ‘ﬁliﬁ
102 | Thr Thr Thr Gly Thr Ala Thr Ala Thr
103 {Asn Ser Ser Ser Asn Ala Ser Asn Asn
104 | Gl Lys - Lys Glu Ser Lys Glu Glu

The numbers along the side of the figure refer to the position of
these sequences in the chain. The letters symbehze the specific
amino acids in the chain.

2. For each vertebrate, count the amino acids in the sequence that dif-
fer from the human sequence, and list them on scratch paper first. In
Teble 1 of the Additional Records and Observations section of your
Vee, list the eight vertebrate sequences in descending order accord-
ing to their degree of evolutionary closeness to humans.

According to this line of evidence, which organism is most closely
relaied to humans? Which is least closely related to humans?
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