Week 5 problem solving

+ equations, + applications

Drug binding: K, vs AG, AH, AS
(in addition to Lecture 9 examples)

Decay, Radioactivity, gamma-rays



K, calculation from equilibrium concentrations

* Problem: A 4 uM target protein solution is made. Then
drug is added to achieve 3:5 molar ratio. In equilibrium
2.33 uM of 1:1 complexes are formed. Find the
dissociation constant Kj.

* Solution:

* The molar ratio of 3:5 means that [L;,;] =4 uM §=2.4 UM

e Since 2.33 uM of complexes was formed, unbound

concentrations are:
* [P]=[Pi: —[PL]=4 uM —2.33 uM = 1.67 uM
e [L] = [Li] - [PL]= 2.4 uM — 2.33 uM = 0.07 pM

« K,=[P][L]/[PL] = 1.67x0.07 / 2.33 ~ 0.05 UM = 50 nM



K,to AG, AG = AH - TAS

Problem: When performed at 300K, an endothermic 1:1
drug/target binding reaction with K, = 58 nM absorbs the molar
heat of 1.4 kcal/mol. What is the molar entropy change of this
reaction, AS®? Steps: 1) K,to AG, 2) AH,=1.4 3) AS,=..

Solution:

* Find molar AG,;,;: AG = RT In Kd = 0.6 kcal/mol x In (58x10°) = -10
kcal/mol

* Molar AH,;,4 of +1.4 kcal/mol is given

* AG = AH - TAS; therefore, AS=(AH-AG) / T=(1.4 + 10 kcal/mol) / 300 K =
11400 cal/mol / 300 K = 38 cal/(mol K)

* |In this problem, entropy change upon binding must be positive! Given
that AH is positive, this is the only way to achieve negative AG. It may
happen due to hydrophobic nature of binding (the number of water
molecules with restricted motion is reduced upon binding).



Week 5 problem solving

+ equations, + applications

EM radiation,
fluorescence, radioactivity



EM bands & photon energies
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Note that energy of ONE photon need to be Energy vs Frequency
compared with kT (not RT). relation:

RT may be compared with energy of Nayogadro Of

photons. Photon E = hv

h~4.1357%X1071> eV-s
h=~6.6262X1073%J:s
(Planck constant)

VXA=cC

c ~ 3x10% m/s (speed of light)
1eV=1.6022 x10%°}



Wavelength, frequency
and energy of a single
photon

* At room temperature
kT , (energy of one
vibration) is equal to

25.8 meV (or milli eV)

To break a chemical
bond, one needs at
least 20 kT of energy

v

Photon E, [eV]

3 Hz-300 MHz

1mm-1m

0.3-300 GHz

15-1000 pm

1.5-15 um

700-1500
nm

400-700 nm

300-400 nm

200-300 nm

10-200 nm

0.01-10 nm

0.13-124 keV

>124 keV




Gamma, X-ray and visible Light Radiation:
wavelength to frequency

* Problem: The longest wavelength of EM radiation that is
needed to break a C=C bond is 200 nm.

* Calculate the frequency of this radiation in Hz
A. 1.5PHz
B. 1.5THz
C. 0.66 GHz
D. 60Hz

e Solution:

c _ 3x10%m/s

Sv=-= —— = 1.5x 10> Hz = 1.5 PHz Tis Tera (12)
A 2x107Tm P is Peta (15)

* Answer: 1.5 PHz



The longest wavelength of UV radiation that is needed to
break a C=C bond is 200 nm

Calculate the energy of a single photon in eV
A. 47 meV

B. 6.2¢eV

C. 3.1keV

D. 9.3 MeV
Solution:

* Have just found that frequency v=1.5 PHz

Epoton = hV=(4.1357x10°15 eV-s) x (1.5x10'5 Hz) = 6.2 eV

Answer: 6.2 eV., keep in mind that thermal energy at room
temperature kT ~ 0.0258 eV



Counting the rate of radionuclei
disintegration

1 Bq (Becquerel) = 1 event per
second =15

1 Ci (Curie) =37 GBg =37-10°Bq
Energy released depends on the
specific nuclei and

disintegration mode

— an average value may be
associated with each radionuclide
and decay mode

Activity goes down as the

radionuclide decays
— provided values are “at time of
calibration”

Radiopharmaceuticals are
prescribed as activity in Bq

Sodium lodide (*3'l) Solution ~ [Order# Lot#
[Calibration Date

erapeutic Oral Calibration Time 1200 (MST)
JUSES: Compounding of Oral peutic Solution or Total radioactivity @ calibration GBq
[Each mi contains: Carierdree Na®™| (mCi)
ractive Ingredents
.05M Sodium Hydroxide and 0.02M Sodium Thiosulate Total Volume @ calibration ml
| & shislded container & 2°-25°C
it e k] Radioconcentration @ calibration GBg/mi

[Calculate dosage from Calibration date

RX Only

SYHALF LIFE= $.025 DAYS

CAUTION
X Y
o
RADIOACTIV MATERIALS

(mCl/ml)
Expiration Date

DC Code
Caution-Radicactive Material

Table 2. Solution Strengths

Total Radioactivity* per Vial

Concentration® | Volume | Total Radioactivity*
of per Vial
Solution
I mL 185 MBq (5 mCi)
2 mL 370 MBq (10 mCi)
185 MBg/mL 3mL 555 MBq (15 mCi)
(5 mCi/mL) 4 mL 740 MBq (20 mCi)
5mL 925 MBq (25 mCi)
7 mL 1295 MBq (35 mCi)
2mL 1850 MBq (50 mCi)
925 MBg/mL 3mL 2775 MBq (75 mCi)
(25 mCi/mL) 4mL | 3700 MBq (100 mCi)
6 mL 5550 MBq (150 mCi)

Source: FDA * At time of calibration


https://www.accessdata.fda.gov/drugsatfda_docs/label/2012/016515s010lbl.pdf

Radiation source, Exposure: a measure of ionization
Electric charge freed by radiation per kg of air
1 R (Roentgen) = 0.000258 C/kg (Coulomb per kg)

Absorbed dose (energy/body mass):
* 1Gy(gray)=1J/kg
s 1rad =0.01 Gy
¢ Depends on the type of matter that absorbs the radiation, e.g. for an
exposure of 1 roentgen by 1 MeV y-rays:
* the dose in air =0.877 rad
e the dose in water = 0.975 rad
* the dose in averaged human tissue =0.965 rad
Dose equivalent:
+» Different radiation types have different biological effects for the same
deposited energy
*» W, is a corrective radiation weighting factor:
* dependent on radiation type
* converts the absorbed dose into an estimate of tissue damage
s 1 Sv (Sievert) = WrxGy = Wyx[J/kg]
¢ 1 rem (roentgen equivalent man) = 0.01 Sv
lonizing radiation is prescribed as absorbed dose in Gy



* Problem: 13! decay releases energy in the form of  and y
radiation. The average energy release per nucleus is 192 keV for
B and 364 keV for 1.

Given a sample of 31| with total activity of 5 mCi, how much energy

does it emit per second in the form of B-radiation? Give your

answer in J/s.

A. 57kl/s

B. 28.41J/s

C. 13.2ml/s

D. 5.68ul/s
e Solution:

« 1Bqg-=1nucleus persecond=1s?;1Ci=37 GBq
 5mCi=0.005x 37 GBg =185 MBq (1.85x108 nuclei disintegrate per
second) : converting Curie units to Bg units.
* ForB:(1.92x10° eV) x (1.85x10% Bg/s) x (1.6x101° J/eV) = 5.68x10° J/s
Beta-energy x Number of decays x eV to J conversion

* Answer: 5.68 ul/s



