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The Citrc Acid Cycle
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Mitochondrial Electron Transport Chain
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What role dees DIeed play?

Red Blood Cells:

Transpoert ¢F fiem
the air to the tissues

IHelp transport
from the tissues to
the air




Red Blood Cells
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Made! in Bone Marrew
Ervtharepoeeitini (EPO)

Expel erganelles;
INCluding nucleus

Cantt nmake protein
120rday lifespan
[Destreyedt by, spleen




Red Blood Cells

Gas| transfer into and
out of the; cellfis
preportional te surfiace
area/velume; ratio

Specialized “biconcave"
Membrane shape
Maximizes! suiace
aréa/velume; ratio

IHb acts as 02/C0O2
Carrier




IHEMOGIenIN

Bleod plasma’ can
carry. very little
disselved oxygen in
splution (~2%)
IHemeglonin: s
required te carry. the
Vast majerity: of the
oxygen: (98%)




IHEMOGIenIN

liFthe bedy had te

C
C

Epend upon \
ISselved oxydeniin \‘

C

1€ plasmal te supply

exyden te thercells,
the heart weuld have
to pump: 140 liters per
minute (instead ofi 4

ters per minute).




IHEMOGIenIN

Each real bleod cell
Can Carry/ aleut one
million melecules of
Oxygen

IHemoeglebin: isf 97%
satlratedwhen It
leaves the lungs

Under resting
conditions Is It about
75% saturated when
[t returns.




HEMOGIonIN

HEmoglebinrnas Hemoglobin Molecule
WO pretein

COMPONENLS:

dlpha andbeta

2 alpha + 2 beta

Work togetherto B chain
b|nd and I‘E|ease polypeptide molecule

red blood cell ”
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helical shape of the
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(a) Hemoglobin (b) Iron-containing heme group

At the core off the moelecule;is ring
WhRIChI nelds an iren atem.

Anl iren: containingl porphyriniis termed a
This iron; atom isi the site; off oxygen binding.




he Delivery Problem

De we Want! b terhave a high
Or |ow afifinity fior exygen?

BOTH!
LUnRgs: high' afifinity,
HD steals O2 fromi air

Tissue: low afifinity.
Hbrgives upr 02 o) cells

Can We have our cake and eat
it tOo7Z




T and R states

; OXY-IHD I the

Hbrelaxedr, exposing
O3 binding|sites

> deoxy-Hb inrthe

©5 bindinglsites
“tightly* guardead




COOPERAUVILY =

Allfourr @, binding sites
don't allfat once

Once; the first NEmME bINGS
exyden, It intreduces small
Chamnges inl the structure of
thatialpha o betar chiainy
starting they r =

transition

Eachi sticcessiver 05 binds
more easily:

Oxyhemoglobin (% Saturation}
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COOPERAUVILY =

Allfourr @, binding sites
don't allfat
ONCE] elther

Once; the first REmME

ieleases oxygen, It

Intreduces smallfchanges in

the structure offthat alpha

Or'betar chain, starting the
— | transition

Eachy stccessive; 05
releases more eaS”y 0 10 20 30 40 50 60 70 80 90 100
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Bohr Effiect

IHemeglobintis alse piH
Ssensitive

— low CO, —
“base’” environment
Eencourages

Oxyhemoglobin (% Saturation}

— high CO, —
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What role dees DIeed play?

Red Blood Cells:

Transpoert ¢F fiem
the air to the tissues

IHelp transport
from the tissues to
the air




Remoevalloff €O by RBES

[Liker @5, Ve lithierCO5

' - - carbonic anhydrase
dissolves directly inithe carbonic annydrase

o)

ood _ _ CO, + H,0
Carbonic anhyadrase (In
RBCs)| catalyzes conversion I

10 bicarbonate andlacid
(Water soluble) H2C()3

lIincreases the €05 carying
Capacity’ off the bleod U1

Deoxy-Hbrcanralserbind a ) N
small ameunt eif CO; HCO3 +H




REmeVall el CO5 oy RBEES

carbonic anhydrase

Bohr Effect: CO, + Hy0

— igh €O —
Sacid™ envirenment
ENcourages

— low CO;, —
“Daser” environment
Encourages




Blood! Gas Measurements

Bleed Gases Bleod Gases
P/ pO; /[ pCO; / HEOS P/ pO; /[ pCO; /[ HEO5:
P 7.56-7.44 P 7. 52-7.42
PO5: 75100 mmisid PO5: 2540 mmiEg
PECO,: 5545 MmiHg PCO;: 40=50 mmiEg

FHEO5: 22-30 mmel/L HEO5: 22-30 mmel/L

Neter pH values don't chiange much. Deoxy-Hbiinveneus blood actsias a

pUTfier tercounteract the acidity off the €05, TIsiis an examplerofia
“homeostatic™ mechanism.

This differencein pH, while small, is the key te the respiratory: drive




HYPERVERtIaton

“respiratory. alkalesis”

Oceurs nermally’ during  exercise (10;)

€ani alsorbear compensation| for
Viethanel / ethylene glycoel ingestion

Kidney, fiailure
Diabetic ketoacidosis




HypoeVventiation

“respiratory’ acidosis”

Usually indicates failure of the respiratoery. drive

Brain damagde;/ spinal cord damage
MS, Polio) etc.




Diseases; off Red Blood Cells

lronr DeficIEncy,
Sickle Cell Anemia
Ihalassemia
Porphyiria

Malaria




Normal Peripheral Blood Smear




Ironr DEfICIERCY,

Iron deficient read
plood cells

Low nUmBber ofi cells

Note the hollow: and
PIaNChEd appPEearance
offthe red blood cells




Sickie: Cell anemia

Genetic disorder (—\
characterized: by hard,

sticky, sickie-shapea
ied blood cells

hemogloebin

Causes RBCs to get
stuck In tissues

Painiiul, even fatal

Ihis disease IS caused )
by a mutation in ~ AN\




Thalassemia

EaCh NEMOGIORIN NEEHS 2
diphas and 2 Detas

Need the SAME NUMBER
Of alphastanafbetas

DETICIENECY, Off Either
CalSes! deficiency: of
nemoglobin

|.eftovers are bad too: -
Can aggregate and form
Snclusion bodies” that:
arm: the cell

Iihe result isianemia - not
enoughired bleod cells



PoKrphYIia

Perphyrialis a greup; off diffierent
diserders caused by abnermalities
N the chemical steps leading torthe
production: off heme

It IS characterized by extieme
sensitivity, to light (exposure to
SUNIIght causes vesicular
erythema)), reddish-brewn urine,
reddish-lorowni teeth, and: tlcers
WhICh destroy cartilage and bone,
causing the deformation of the
NOSE, ears) and fingers. Mental
aberrations; such as hysteria,
Manic-depressive; psychosis, and
delirium), characterize; this condition
as well:



\EIEIE

Anopheles mosguito
Eguatosial disthibution
Parasite; infiects RBES

Conditions that
decrease RBC lifiespan
Infier resistance (SCA,
thalasemia, ete.)

Race-specific disease
Incidence




Question 1

Whichrof the fellowing IS true off the Process of
celltlar respiration:

A) Generates 02, Consumes CO2

) Consumesi 02, Generates €02

€) Causes’ overallfinerease in Al

D) Causes overall decrease in AliP

E)A S+ C

F)A+D

G) B + C

H) B+ D




Question 2

Erythropeeitin (EPO)I hasi which of the; fellowing
effects:
A) Shilfits' Hbroxy/genation: curve to: the fght

B) Shilfits: Hbroxygenation curve to; the lefit
C) Increase In hematocrit (1 # off RBCs)

D) Decrease inematogcrit (|, # off RBCSs)
E)A S+ C
F)A+D
G) B+ C
H) Bi+ D




Question 5

Whichr ol the fellowinglis true ofi redl bleod cellsk
A) ey have albicenvex: celltlar membrane
B)HIREY constme IEssi O than the averadge cell
©) ihey arernermally Ve rgid and iniexible

D) ey arelincreasedi in nUMmMBEr N anemia
) All off the 'above




Question 4

Whichr combinationmakes: arnormalt Hisrmoelecule:
A) 2 o, 2[5 2 porphyiinitings, 2 Fe atoms
B) 4 o, 4 (5, 4 porphyrin rings, 4: e atems
C) 4 o, 4[5, 4 perphyrin rings, 4 Fe atoms
D)2 @, 2[5, 4 porphyrin rings;, 4 Fe atoms




Question S5

WRICHIIS true for a nermal Hibr molecule:

A) IF state in TSsUes, Iow! afifinity fior ©2

B) IF state i Lungs, lew! affinity for O2

) R state in IiSsues, hight affinity: for 02
D) R state in Lungs), high afifinity fer 02
EYA + C

F)A+D

G) B+ C

H) B + D




Question 6

(Cooperativity: nasiwhat efect on' the Hb-05
dissociation: curve:
A) Gives the curve a sigmoeid shape
) Shifitsi the curve up
€) Shifits; the curve down
D) Shifitsithe curve lefit
) Shifts the curve; right:
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Oxyhemoglobin (% Saturation)
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@uestion 7

By the Bohr elfiect, anfincrease in €O, hasiWihat
efifiect on tine Fb-05 disseciation: CUrVE:

A) Gives the curve a sigmoeid shape
) Shifitsi the curve up

€) Shifits; the curve down

D) Shifitsithe curve lefit

) Shifts the curve; right:
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Question &

By bindingl 2,3-BPG withrless aifinity, fetalfHbrhas
WRICHI Cinaracteristic change Infits! Hib=05
dissoeciation curve: :

A) Gives the curve a sigmoid shape

) Shifits the curve up
C) Shifitsi the curve down
D) Shiftsithe curve left
E) Shifitsi the curve right
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PO2 (mmHg)




