F 1. Suppose you model a cell as a cylinderof-di eter 25 pm and length 50 num, and that the
cell membrane hasg a capacitance ¢f 1 pF/cm2.

A. Calculate the tota] capacitance (in F) of the cell, (5) @\\ l?”)
B. If the membrane potential is -80 mV_

what is the difference in electrical charge (jin C) 6‘3’7&
across the plasma membrane? (10) /
C. Suppose the intracellular concentration of K+
intracellular K+ would need to diffuse out of the
calculated in B and therefore account for the me
e

i8 120 mEq/L. What fraction of total

cell to create the charge separation
mbrane potential? (10)
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2. An amphiphilic block copolymer is a synthetic polymer that consists of a hydrophobic

component (“block”) and a hydrophilic component. It is possible to design these molecules

such that they assemble into spherical capsules known as “polymersomes,” analogous to :}f{z ~
how lipids can self assemble into liposomes. :

A. Consider a polymersome of diam 0 pm.  If the polymersome contains a 10 mM
KCl1 solution and is placed in ﬁ;\b“ th of 1 mM KCI, how much total force (in N)
will the polymersome wall exp%ﬁet@?& Assume the reflection coefficient is of K* and
Cl" are both 0.75. In which net direction will this force act, i.e., will it tend to swell
or compress the polymersome? (10)

B. Suppose the polymersome has a wall thickness of 50 nm. What is the wall tension
(in N/m?? (5)

C. Suppose an agent is added to the bath that reduces the solubility of the KCI solution
by a factor of 2 both inside and outside the polymersome. By what factor would the
osmotic pressure change? Would it increase or decrease? (5)
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3. Imagine that you discover a new strain of yeast that is capable of functioning in
environments with ionic compositions very similar to those found in the body but with very
different intracellular ion concentrations than are typically found in normal cells. The
intracellular and extracellular ion concentrations and their conductances under these
conditions are summarized below for your convenience:

Intracellular cone. Extracellular conec. Conductance
(mM) (mM) (arbitrary units)
Na+ 5 140 7
K+ 100 4 15
Cl- 10 105 2
Ca++ 0.01 3 1.6

A. Calculate the equilibrium potential (in mV) for each ion at 37 C. (10)

B. Calculate the overall resting membrane potential (in mV). (10)

C. Suppose you use an electrophysiological pipette to clamp the membrane potential to the
equilibrium pobential__f:or_ Ca** calculated in A. Sketch membrane potential as a function of

time. (5)

D. Suppose you use an electrophysiological pipette to clamp the membrane potential at 0.5
V. Calculate the ratio of the the Na+ current to the K+ current (Ina+/Ik:), assuming the
conductance of each ion is independent of membrane potential. (5)
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~ capillaries. Suppose all vessels have cj and that the cross-sectional”
area of the artery is 25 cm?, the Cross-sectional area of each iole i

Cross-gectional areg of each capillary js ] cm? Assume that blood has a Viscosity of 10 ¢cp
(0.01 Pa-s) and 4 density of 1.0 kg/ms, ;

A. If the velocity of blood flow through the artery is 0.5 cm/sec, calcul_ate the velocity
(em/sec) in each arteriole and capillary. (10)

C. Would you expect flow in an arteriole to be laminar or turbulent? J ustify your
answer with a calculation, (5)
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5. Consider a contractile cardiomyocyte maintained in culture.

— a—

A. Suppose this cardiomyocyte is induced to undergo a single action potential. Plot
membrane potential as a function of time. (10)

B. Suppose you take the same cardiomyocyte and place it in a medium (liquid) identical
to that used in (A) except that the extracellular Ca** concentration is now only 10%

g as great as in (A). On the same set of axes, sketch the new action potential. Justify

Sl your answer. (10) :

C. Now consider conduction in the whole heart. Sketch the relationship between left
ventricular end-systolic pressure vs. left ventricular end-diastolic volume in the
presence and absence of an Na+/K+ ATPase inhibitor. (5)

D. Sketch the relationship between left ventricular pressure vs. left ventricular volume
for a single cardiac cycle (i.e. PV loops) in the presence and absence of systemic
hypertension. (5)

E. Consider a patient who suffers a myocardial infarction (heart attack) that
specifically targets the sinaotrial node but leaves all other regions of the heart
unaffected. What would you expect to happen to this patient’s resting heart rate
and why? (5) :

F. Suppose instead the patient has a lesion that causes delayed conduction through the
atrioventricular node. Which one of the following EKG abnormalities would you
expect, and why: (1) ST segment elevation; (2) lengthened PR interval ; (3) shortened
QT interval; (4) increased QRS complex amplitude. (5)

\ \" 7 S E 55 W
\O fr) b’ - o — s gmg\_ &
- A
e % ; T E’ o pe
-

.
R * : , i i
L> Ca AL S PYTOY oSt i f‘.a@;; MNCALLeS {,fa o .

v

L i ‘ ) ‘ Vil
‘Q( ocan X5 o huBeeer  of 2 R
. ' ' tats @0 &

e
@. -T’LAT\ T ¢w Ci;: g 5 A : P
Yoo T y & ﬁ?éx i 3 b
2C) e e o
: PO, s Cropke)
| ¥ ATloge Vb, CoNndnoech |, J ;

i s Gk
. v ©
L) ""’%, \

sostenie ] COPARC  gly cqside MV S
= Y aatescen | Jess b o
= 5 T8 ALY vlle Yoo vl ;

0 ah A B e i e - R

"l
L Wighkex { =Pt =
fecwal S 0@ présacy

AV 4
o petACAS L= | I
. 3\ o 1 -"1'» Ch“‘m b\ < " o ’I
:\J\ {” 5 VWY a JQC; P 1] }g{ 'mri

—

—




6. If fluid is being secreted from a capillary at a rate of 5 mL/min, the oncotic pressure in %’
the capillary is 25 mmHg, and the oncotic pressure outside the capillary is 5 mmHg, what is \ @)
the difference in hydrostatic pressure (in Pa) across the capillary wall? Assume the

hydraulic conductance is 0.5 mL/(mmHg-min) and be clear on whether the pressure is

higher inside or outside the capillary. (10)
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' 7. Provide 1-2 sentence responses to the following questions (5 each):

A. Which myocardial process requires more energy: isovolumetric contraction or
systolic ejection?

What is the difference between the relative and absolute refractory period of the
axonal action potential?

B.
C. What is the Fick principle and how can it be used to calculate cardiac output?
D. How does arteriosclerosis directly contribute to increased blood pressure?

A= lbo\lo\uw‘i'\‘f\‘{_ COU\‘\TO\(,&—K‘OV\ S = e '{hbmf\; Q‘{'“ ‘Y}V?‘f—_}
02 ond muen meve o,

O3 Nt NP R ;
Preesuels S stele : f;i\mh & ‘DU\\C}\%‘J& Y\e
— Prssuce, 1 S.{‘-méﬁé ‘3\(\0\){‘ dees not build e\y\é_
s e
GO\ i"‘wfﬁﬁ Q\a o N p %Su%fba eng; die NG
te venievelg ‘ - dad bl iy fal oy
Led- \‘Wupa\s’xrﬂﬂli-"‘%

- T T | i 4 l
D aSsolore o 40 HWe  ysed g A° Ut chacs ok o

B e s se i lor +4 0T oncenidiad to,
St o MO | Toles v Creotg
Pre PUmbip\e Ste Lo d

(@w.@ﬂ v cl_



