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1. The graph below (left) shows the fluorescence excitation spectra obtained from an in vitro
calibration of a synthetic fluorescence Ca?* indicator at zero and saturating Ca** concentrations. The
figure on the right shows fluorescence intensity signals (following excitation at 340 nm and 380 nm)
recorded from a cell loaded with the fluorescent Ca** indicator.
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Answer the following questions assuming that: (i) the binding of Ca** and indicator is 1:1; (ii) kon = 4 x
10® Mt s (iii) kot = 100 s; (iv) the properties of the dye are identical between in vitro and
intracellular conditions; (v) the intracellular concentration of the dye is 50 uM.

A) Compute the resting intracellular Ca** concentration ([Ca*]cy).
yt
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K - off 100s :2_5)(1077'\/'; R = I:340,min _E. R _M—@:lo

“ kon - 4X108M _18_1 " I:380,min 45 ’ e F380,max 10

Sf2 = 45; Sh2 = 10.

Atrest, R=30/30 = 1.
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(B) Compute the [Ca®*]y: at the peak of the Ca®* transient.

.
[ca® |, =25x107M x£18 /45 /8 49 45—65 10"M =650nM

10703

(C) How would your answers to A and B change if the intracellular concentration of dye was slightly
more than 50 uM.

The answers would not change because the fluorescent indicator is ratiometric. Ratioing nullifies
distinctions in calibrated Ca2+ concentrations that could be due to differences in indicator
concentrations, or path length etc.

(D) Calculate the concentration of free indicator at rest and during the peak of the Ca** transient,
assuming steady-state distributions of reactants in both these instances.

Using, Ca: 1]= |t [Ca2+
K, +|Ca*
total _[Ca I] [ ]

At rest we have,

1= 5000 x10°*M x8.1x10°M

[Ca: ~ —~——=12.2uM
25x107°M +8.1x10°M
21 =50uM —12.24M =37.8M
At the peak of the transient,
-8 -8
[Ca: I]: 5000x10°M x65x10"°M _36.1,M

25%10°M +65x10°° M

o[ ] eac =504M —36.14M =13.9M
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(E) Suppose that at the peak of the intracellular Ca** transient, a physiological stimulus resulted in a
further increase in intracellular Ca?* concentration, doubling the peak [Ca2+]cyt. Comment briefly on
how well this new change in Ca?* will be tracked by the dye. Briefly describe what parameters of the
dye you would adjust to improve its performance in this regime.

The further decrease in free indicator concentration, [I], will result in a decrease in the speed with
which the dye tracks the resulting change Ca** (because the relaxation time constant is proportional to
[IT). This can be improved by either increasing the concentration of dye, or preferably, by increasing
the Ky (i.e. decreasing the affinity) of the dye.
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2. The figure below shows a generic cell with the following intracellular organelles labeled— N,
nucleus; ER, endoplasmic reticulum, and M, mitochondria.

PMCA

Mitochondrial Ca**
uniporter

Na/Ca
exchanger

A. On the figure above, sketch in and label the principal mechanisms responsible for removing Ca**
from the cytoplasm, and state the energy source used to drive Ca** fluxes.

Plasma membrane Ca ATPase (PMCA): ATP hydrolysis
Na/Ca exchanger: Na*and Ca’* electrochemical gradient
SERCA: ATP hydrolysis

Mitochondrial uniporter: proton gradient (electromotive force).

B. You have a generic cameleon (cameleon-A) construct consisting of calmodulin and M13
sandwiched between a cyan fluorescent protein (excitation peak, 440 nm; emission peak, 480 nm) and
a yellow fluorescent protein (excitation peak, 500 nm; emission peak, 525 nm). The calcium sensor in
the cameleon has been mutated such that Ca** binding occurs with a single apparent dissociation
constant K’g (With kon = 2 x 10° M s, and ko = 12 5.

(i) What changes would you make in cameleon-A that would permit you to monitor Ca®* concentration
changes in the endoplasmic reticulum (cameleon-B) and mitochondria (cameleon-C), respectively?

First add ER and mitochondrial localization (targeting) signals, respectively. Second
mutate cameleon A so as to have a lower affinity (to ensure the indicator is not saturated
at rest in the high-Ca*" ER and mitochondrial compartments).
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(ii) You have different cells expressing cameleon-A, cameleon-B and cameleon-C, respectively and are
able to excite the fluorophores with 440 nm wavelength light. For each of the three cameleons listed,
sketch the waveform of the emission spectrum expected under resting conditions (solid line), and after

treatment with thapsigargin (dashed line). Label all axes.

Cameleon A Cameleon B

fluorescence intensity
fluorescence intensity

480 525 480 525

wavelength (nm) wavelength (nm)

fluorescence intensity

Cameleon C

480 525

wavelength (nm)

(iii) Briefly outline the steps you would take to calibrate the emission spectra data in terms of Ca*

concentration in the context of the transfected cells.

Obtain Rmin (use ionomycin + 0 Ca?* external + BAPTA-AM)

Obtain Rmax (Use ionomycin + 20 mM Ca?*)

R-R

I
Use, [ca*]=K, (R—_’“'F”J




