Chapter 7--Proteinsthat Bind

e Oxygen Binders--Hb and Mb

— Binding Equilibriaand Pgy’s

— Hill Coefficients and Cooper ativity

— pH, Bohr effect and protons, CO,, BPG
e Structure

— Porphyrin

— Allostery, concerted, MWC

— Molecular Diseases and Evolution
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Hb design requirements--P 50 needs to depend on
Saturation????

Should be fully saturated at P O, = 100 mm Hg
(Theta = 100%)

Should bind no O, at 40 mm Hg
(Theta = 0%)
Tl

100 Py, Low 100

0 L=

PO,

P;, High |



(-]

(a)

|:| _
Myaglobin
__I; =
Strang-hinding
transpe
&k (wlgwl C=10y
n'-'f‘,jE In lungs
4 =
Mo, inlissues
2
] ] | ]
i 20 120
Fo.. M Hg
Transpart protein efficient in binding b

inetficient in unloading (hyperbolc binding
CUMEs)

(-]

|
I

{b) Tranzpor

(-]

Myaglsbin

Weaak-
Linching

transpor
protein

40 a0 120
Fa, MM HQ
pratein efficient in unleading B

inefticient in binding (hyperbolic binding

CLUMEE]



10 - 10

08 F o e [l

o Ny glabin - Strong-
e oxygen Cinding

as | unloadeg L

Transpo
protein

i
e

i
I»a

|
0] 20 124]
P, MM Hg

i_n

(e} Transport profein effizient in bath Rinding
and unlcading, because it has a sigmoidal
binching curve

Transiticn from
weak- 10 strond-
Linding state

i
%2
|

Weak-binding

1 1 1 ] ]
40 a0 120
P, MM HY

i_n

{d} Switch from weak—1o strong-hinding state
axplains the sigmoidal cune



Hb+n O, —» Hb (O,)n K =[Hb (Oy)n] /[HO][O,]"

£ n
IEF _ Fl'::'.! .IEI' _ F._‘::.‘:_
Fea™ + Fi,” =
- Ve 1—48 Fzn N
a n n
I =109 Fo, — 109 Fsg
-8 '
&
G = n1ag Fg, — g Feg



og (74 |1 = o))

g
Strong-binding
state slope = 1
+2
Transition betwesn
+1 b states, maximurm e
slope = 3.5 <
o
® Iiyoglobin o
yoglobin s —
1 _slc:-pe =1 Hb +tn O2 Hb (Oz)n
!
2| Weak-binding N measures cooperativity--
state slope = 1 the steepness of the
=3 | | I I | -
5 10 4+ .3 trangtionfromweak to
log P, strong binding near 50%

saturation.



LUNGS or GILLS

MHGOO-
(el
i

MHCOC
wayhemoglobin

.-fTT_ ;2’ ‘

TISSLES

O, Partial Pressures(Torr = mm Hg)

100 .
Half saturation
30 (capillaries)
P,o,Mb=4

2 (tissues/cells)



His97b/Thr4la His97 b/ Thr 38a
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Roots of Allostery
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MWC MODEL of Allostery

«Strong and weak binding conformations

*Multiple Subunits

*Subunit Interfaces communicate conformational change
*Concerted conformational change

Allosteric ligands shift conformational equilibria by
preferentially binding one conformation

Allosteric Effectors bind the strong binding form
Allosteric Inhibitors bind the weak binding form
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e+ pKaHis 146 deoxy >< =

146 Hist :::Asp 94 CO, pKaHis 146 oxy

Salt bridge T form only

Why???

Taut form Relaxed form

Allosteric “ other place” ligandsbind to T form and favor
Oxygen release



Bohr Effect--acidic pH weakens O, binding

Hb - 40z + aHY == Hb. nH* + 40,
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BPB weakens oxygen binding
and isfound in individualsliving in
low oxygen environments
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Athletes often feel muscular pain during a
strenuous wor kout dueto the build up of lactic
acid. Thelactic acid isa product of glucose
metabolism and is produced when the body’s
demand for oxygen outstripsthe supply.

How does acid production help or hinder areturn
to oxidative metabolism?



Deoxy binds DPG

In fetal y 143His" isreplaced by
serine tg'weaken DPG binding and
strengthen oxygen binding.
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Mommal @ gene

[8) Missense mutation

(b} Mongense mutation

[e) Frameshift mutation
by deletion
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LATGERGCACGETEGACTESE TG AGGAGAAGTETGCC...

Wal Hig Leu Thr Pra Glu Glu Lys Sar Al

Gl O A CHEEEE A C THERSE G T GHgAw A A GERE G C C ...

Val Hiz Leu Thr Fra val Glu Lys Ser Ala

Bl C ACHKST BIACTHRETEGAGEHEAGT AGI LT GCC..

Wal His Leu Thr Fra Glu Glu Stop

GTGEGCACETGEGACOCLECTGEGAGGAGAAG TEC TGCC..

Wal Hiz Leu Thr Leu Arg Arg Ser Leu
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Fathological substitution
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(a) Pracipitation ) {b) Antigenic determinants, sperm whale
myoglobin

An individual’s antibody proteins bind to foreign antigens
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AL The antibody fold, two
Vool / 9? /,le beta sheets packed against
‘@ !l/' “nemns €ACh Other, occursrepeatedly
= :ig in immune system proteins.
= ‘ Thisistheresult of gene

duplication throughout
Evolution.

Variety in the hypervariable
Regionsis generated by
combinatorially (at the DNA
level) and by a high rate of
somatic mutation.

Constant
domain
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HIV invadestheimmune system’s T cells.
Itsrapid rate of mutation of surface proteins makes
Immune detection and vaccing development difficult.
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Problem 6--Chap. 7 Page 251

Ackerset al. have observed the the P, of purified
hemoglobin decreases as the concentration of
hemoglobin in solution is decreased.

Suggest an explanation.



Problem 6--Chap. 7 Page 251

Ackerset al. have observed the the P, of purified
hemoglobin decreases as the concentration of
hemoglobin in solution is decreased.

Suggest an explanation.

a/b dimers are favored

- - at low concentration
2 and bind oxygen more readily
— HN



Problem 8

Suggest probable consequences of the following
real or possible hemoglobin mutations.
Consult Figures7.12, 7.18 and Table 7.2

A) At 146 Histo Asp
C) At f 2Histo Asp

B) At B92 Histo Leu
In each casetell whether a single base change
| s sufficient for this mutation.



Problem 8

A) At § 146 Histo Asp

C) At 2Histo Asp

Figure 7.18

Both mutations replace a positive chargein

the DPG binding pocket with a negative charge.
DPG binding will be greatly reduced and thusthe
R form will be stabilized and oxygen binding
facilitated. Yes, can be caused by CAU to GAU.

B) At B92 Histo Leu
Table 7.2--Thisremovesthe N which isthe 5th ligand.
Por phyrin will bind more weakly.

Y es, can be caused by CAU to CUU.



Problem 12
Assume that a new oxygen-transport protein has
been discovered in certain invertebrate animals.
X-ray diffraction of the deoxy protein reveals
that it has the dimeric structure shown here with
asalt bridge between residues His 13 and Asp 85.
The two monomers interact by salt bridges
between carboxyl termini and N-termini.
The O, site lies between the two iron atoms shown,
which arerigidly linked to ahelices. In
the deoxy form, the space between the iron atoms
Istoo small to hold O,, and so the Fe atoms
must be forced apart when O, is bound.

[ ot

Fe F
+ -

+ -
— - -
+




Problem 12

A) Will the molecule show cooperative
oxygen binding?

B) Will this molecule exhibit a Bohr effect?

C) What would be the effect of a mutation
which replaced Asp 85 by Lys?




Problem 12

A) Will the molecule show cooperative oxygen binding?

Y es, the first oxygen will force apart the two subunits and

because the subunits are linked by a salt bridge the second monomer
will follow, thus facilitating oxygen binding.

B) Will this molecule exhibit a Bohr effect?
yes, aneutral His at basic pH will favor oxygen binding.

C) What would be the effect of a mutation which replaced

Asp 85 by Lys?

Thiswill eliminate the 13/85salt bridge, facilitating oxygen binding,
and decreasing cooperativity.



Problem 7 (Hints)

Oxygen binding by the hemocyanin of the shrimp
Callisanassa has been measured. Using the following data,
prepare a Hill plot and determine

A) P, (P at 50% saturation or log 6/(1-6) = 0)

B) n,, (the Hill coefficient) (slope at log 6/(1-6) = 0)

C)minimun number of oxygen binding sites(>=n,, )
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