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A Free amino acid

Common to all s-amino
acids of proteins

Side chain x-Carbon is

is distinctive between the

for each amino carboxyl and the
acid. amino groups.
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FIGURE 3-8 Absorplion of ultraviolet light by aromatic amino acids.

Comparison « nhelnbh absorption spectra of the aromatic amin
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e at pH 6.0. The amino
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ributes little to the spectroscopic properties of proteins.
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Peptide bonds
in proteins

o Partial double-bond
character

« Rigid and planar

» Trans configuration
« Uncharged but polar

Figure 2.2

A. Formation of a peptide bond,
showing the structure of the
dipeptide valylalanine.
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Interactions of side chains of amino
acids through hydrogen bonds and
ionic bonds.
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FIGURE 4-27 Renaturation of unfolded, denafured ribonuclease.
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(HOCHCHSH) to reduce and thus cleave the disulfide bonds to yield
eight Cys residues. Renaturation involves reestablichment of the cor-
rect disulfide croes-links,
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Figure 32-4. Addition of iron to protopoerphyrin to form heme.
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HAGURE 5-5 Steric effects on the binding of ligands to the heme of
myoglobin. (a) Oxygen binds to heme with the O axis at an angle,
a binding conformation readily accommadated by myoglobin. (b) Car-

bon monoxide binds to free heme with the CO axis perpendicular 1o
the plane of the porphyrin ring. When binding to the heme in myo-
globin, CO is forced to adopt a slight angle bacause the perpendicu-
lar arrangement is sterically blocked by His E7, the distal His. This af-
fect weakens the binding of CO to myaglobin. () Another view
iderived from PDE 1D 1 MBO), showing the arrangement of key amina
acid residues arcund the heme of myoglobin. The bound ©: is -
drogen-bondead to the distal His, His E7 (His**), further facilitating the
binding of O,
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Figure 3.5

Oxygen dissociation curves for
myoglobin and hemoglobin.

l

;A g

Y ysnd) Ly Poy eSS i Sad) Jaall iy Xy sl of (alad) J<a 3 Jaadls
- oSG O ste gasell s Onsle saall (e JS gLl A Jiay

43) das ih 5 S U:\,MSSU O e gaall Aﬁr/ﬂ/fy:\ﬂi Cj Gl ?‘“JJ\ @h}.’
ol gual) (8 €U ) ) a8l sall g Lad) s SO iadiie A Ja Ja sy

. Adl
@) (01 pdad e g si) W) add sa Gstle spall Mladl L) Jasl) o Baadl
. Hyperbolic Shape

Lild gV At le gaal) iy ) i p L) iy i adl JasDl Gl g8l 0

26 Jolay haiuin N zliad Ly ¢ 885 ae 1 Jolay S 3 i ) dalay

- il pasel) i Sl ol g L) g s 5 s

s ¢ OmaS sle gasell A8 (e ST eSS (sl saall A8 o JaaD5 B Laag
Ol gaalld ¢ sl sanelly gl guall e JS Ay ) 2 ey 2D 3 CDEAY Vs



V) Y osed JlLgsaat s aas s o saad s adnll Sase Al o L 5 ging
caaly cpaSt 4 5a
aell e liia wl oy il sase Jadla gl o ssing sed ke saell Ly
13 O sle sanell il LAl iniall ()5S0 Iy ¢ Guanasl iy 3a 4 Jay yy 5eb il
(S <l B Sl ) Sigmoidal shape s JSs

L I 8 ot oy gle gl sl sl saalls OIS o) Y Dl ) dlee ¢

ol sl 3 gl el G Lo ) Al (s sne i gl 5 LA daslud
5L 3V ad ) 5033 G50 e o L Y1 13 o) 5 gananll ,LE Gws B opsslad) b
Talee ad agle (3l Lo 13 5 FEPF AN 038085 o saponll Jailay Lilad sapaal

rg

-

. At
L5 A8 5 ans sl 53)L5 ae eSS Bl 5l Jeand dasY Y

M (5% sasell sl msle gan el o A o s ol () 5ind 500y o8 ) n La 1Y
caas ) Lﬁdﬂdﬂ\ﬁh&itﬁé&d&ﬁ%ﬁ)ﬂéﬁb@j( HOM )

Vs g la ¥y sy Aglee Lggd o5 Apagell cligig jll (5, QSN o 2 A—daadla
o s T B Aelens palos 53 C s S sl 1 Viad ¢ Yl Ailee Lo
Llars palowy Psp ag Ssiad) 5 ¢ g las¥ly s2usY) A (o @llly o gl Apuadis) ALl
L5y o) 3 s sk e Ayl alual) Gy

el B 058 (N 3 Gnole mall g sle saell s Gilag S Sl (Lo DEAY) I
o A YL e Aasi ye 0685 Wil £7 i) pe Aasi yo e by sl
¢ iU ML Gudy U ol suall iy 13l

Ce ALY sy eSO han S A 53 sl gl of L laall 3 LilaaY
ZBLEN 5 3l o el 3 @l Juany ¢ lan Aniiia A ja Jasian 8 Y) dia]
gl s Blmall 3 il o ST gl sl gy Laniad 5 ) 35l
CATP g lilaaY Al Alaall il jall o 558 slall aush oy s 1y 50 58 giall

i dnisie dja bagia 3 Y] Al e ALY Gl gl 13

o 058 ol 8 S Tl s sl pasell o Giladl il sl B
G O G ay Laie G sle sased) 138 () 5 S Lasdie iy Sa e %97

L gie — dal o ) Aipme Ay Ja s Coan Al e i s Lapaal) Aoy




Jsh of B gh 385 ¢ U Lol Lo Lo Ly 40 13 (55 (i sle sasel) of Jaa¥
) i) pa Lol 5 Y Csle sanel) (833 5n sall Ara W1 liyJal) e ot Bia
ISl ol in SV e pad By a J) Bl ) Lo oS0 ¢3S D smaa

S (st Jaally o Lo 13 ()5 ¢3S Ao g s Al fial) Lpasell iy 30
S

A5 a Js) Aol 3 e asgdl il 3ad AW 2l ) oS gy N SN

ﬁ m Increasing

affinity
for

02

Figure 3.6
Hemoglobin binds oxygen with
increasing affinity.
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Figure 3.4
Schematic diagram showing structural changes resulting from oxygenation and deoxygenation of hemoglobin.
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Figure 3.7
Transport of oxygen and COs
by hamoglobin.
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SGenaerated by
the Krebs cycle
Figure 6—9. The Bohr effect. Carbon dioxide gener-

ated in peripheral tissues combines with water to form
carbonic acid, which dissociates into protons and bicar-
bonate ions. Deoxyhemoglobin acts as a buffer by
binding protons and delivering them to the lungs. In
the lungs, the uptake of oxygen by hemogiobin re-
leases protons thhat combine with bicarbonate ion,
forming carbonic acid, which when dehydrated by car-
bonic anhydrase becomes carbon dioxide, which then
is exhaled.
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Figure 3.15

Nonenzymic addition of glucose
to hemoglobin.
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FIGURE 5-19 A companison of uniform, cup-shaped, nomal ery-
throcytes (a) with the variably shaped erythrocytes seen in sickle-cell
anemia (b), which range from nomal to spiny or sickle-shaped.
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In the deoxygenated
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into long, rope-like
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Deoxy A Deoxy S

Figure 6-11. Representation of the sticky patch (&) on hemoglobin S and its “receptor” {£)
on deoxyhemoglobin A and deoxyhemeoglobin S. The complementary surfaces allow deoxyhe-
moglobin S to polymerize into a fibrous structure, but the presence of deoxyhemoglobin A will
terminate the polymerization by failing to provide sticky patches. (Modified and reproduced, with
permission, from Stryer L: Biochemistry, 4th ed. Freeman, 1995}
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Figure 5-14 Migrations of normal and sickle cell hemoglobins, In electrophoresis at pH 8.6,
normal hemoglobin (HbA) migrates more quickly to the positive pole than does the HbS found
in sickle cell anemia, HbS has two fewer glutamate residues than does HbA (the two [3*-sub-
units each have a valine instead of a glutamate at position 6), Thus, HbS has a smaller nega-
tive overall charge, compared with HbA, Heterozygotes with the sickle cell trait can produce
hoth HbA and HbS, and two bands are visible for these individuals,






