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I L‘;i (5.3) is written with 2!l varisbles in terms of 6 and the defi
ry 1 1aken from Eq. (5.4), the simplification can be written

ke’ Loap 2rke’ 2rramge
Ap="— [ s ods = -
P th S th i

4

A p is the momentum transferred to the resting clectron. The enet
from the hexvy particle is

. (Ap*)y  22%imyct 2irimc'M
AE(h) 3, T CE

where F, the Linetic encrey of the moving particle, is 1A%,
The parameter b, which is the distance of closest approach of |
is called the impact parameter. A (eny important point must be my
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The derivations ghen in Egs. (5.2)-(5.6) arc not complete. The rea
referred to any textbook of modem physics for a complete demano)
for example; Auiv er gl. in Suzzested Addinonal Readingh _

The special case ghen in Fig. 5.3 b for 2 moning heny particle
Fermi cnergy clectron of the medum. The special case has gd
applicability. There are several possibilities

1. Af is large compared 1o mg: that 6, Af 6 2 charged nuclous
nucizon.

2 A s ihe same 2s mg that i, M B an clecton

A Eiher M or m, is a1 1est
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2. Al is the same s my; that s, M is an eloctron,
3. Either M or my is at rew.

Cate 1. This case bs acumed in the preceding model The detaile
the cxpressions in Eqs. (5.2)-(5.6) are not important, nor are their derniv;
tions, for the applications of radiztion biophsics. The important conside
ation is 1o examine the depominstor of the eapression. To restate a poi
made previoudy, the impact parameter b will vary stochastically, but t)]
important determinent of the rate of energy boss b the squared velod
tlerm, which appears in the denominator, Most of the moving particlel
encrgy will be ghven up as it begins 10 approach the rest state,

Cate 2 In the case of reo clectton mess interacting, we can n
longer assume that the trajectony of either s unaffected. The ealculation
classically the same, but complicated. The important point s ;
of both the projecuile electron and the targer electron are 2
loss is still imversely proportions] to the velocity of the projectile electr
squared, but the rack of the projectile clectron will be unpredictable a
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Figure 54  Life history of » fas1 clectron
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Homework For 2/14
1. Alpen, Ch. 6, £3

2. Why is cancer more lkely tooccwr in

mdriduails deficient in\DNA repar enzymes?
(2- 3 paragraphs)

3. Wouild you expect that the rate of restitution

of an aftered mdlecule to be temperature-

dependent? Why?
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Schedule Issues

+ 1= two assignments wil be graded by Monday
212

+ 3Z assignment by Friday 2/16
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Outline of Session

Energy Deposition at different physical scales (ch.5)
Types of energy transfer from electrons (ch.6)

Free Radicals

Radiation Chemistry of water

Break

Recombination, Restitution, Repair

Molecular Biology 101

L K IR R IR R B 4
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Dose

Energy deposited
Unit mass

size scales ~1um
p ~ 1 g/cm? for water or soft tissue
mass of (1um)3- p =(10*cm)3- p
=10"%cm3 - 1g/cm3
=10-"2g = 10-"%kg
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Energy Abgorbed in a Cell

+ Suppose N Joules of energy are deposiedin a
70 kg human. Nominally the dose is NIT0 Gy.

+ How much energy is deposited m a single
(1ppm)° cel? (NITO)Gy * 10* kg
= (N7T0)" 1075 J= (13"107y'N J
=§{1.3"10"y NJ1.609°107°° )
=85"NeV. Soit's a lot of energy!

+ |s the Bethe-Blocke continuous slowing-down
approximabon appiicable here? Nol Too much
energy is being stopped per celi for itto be
appicable. But we try lo use & anyway.
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Mozumder & Magee

[1 MeV “typical” electron] Portion of energy
deposited

¢ Spurs 6-100 eV 65%
¢ Blobs 100 - 500 eV 15%
¢ Tracks 500 -5000 eV 20%

X
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Demonstration That
Events Don’t Interact Much

Spurs are 400 nm apart

1nm=10°m

400 nm = 0.4 um

H radical diffusion

8 x 10-%cm?s™" diffusion constant for He
|:Typical lifetime ~ 10-s

Typical diffusion dist. = 180 nm

This is smaller than the distance between
spurs!
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Free Radicais -
Definitions and lllustrations

A free radical is defined as molecular species
containing an unpa¥ed electron. It may be
charged or uncharged
Most bioclogical fee radicals are uncharged
Excepbion: superoxide (O, )
OH Hydroxide ion -8 peotons. 10 elzctons
OH+ Hydroxyl Radical -3 protons Ssierons
Free radicals are reactive because the
unpaired elecirons tend to seek out targets,
either other unpaired electrons:
He+H-—H;

. . . Or other acceptors of the unpaired electron
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Cartoons of Electron
Distributions: lons and Radicals

L Hydrowygt Rases
B -H 5 esearmes jone unpares) 9 pevions
Hydromss 1o
__B'—H, elecrons (8 pared] 9 proflons
..
B*E-E 16 edectrons, neutral

B:H 17 eheclrons, one wpared
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10-16 - 1012 s Scale
Events and After

lonization:

efast + - Hio+. te +e

(<100 ev) ~ fast

H*+OH: |I%° 1 o

nHZO . Solvated (1 0.43)
ag  aqueous
hydrated
. . Acid
Activation: > H—H,

e_fast +_) e-fast + HZO* — He + OH-
v

He, OHe, e, M9
O. —> 02 H,0
Oy, H,0,
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Radiation Chemistry of Water

+ Since biological bssue is mostly water, we're
very mterested n the products produced when
water absorbs ionizing radsation.

+ The reactive speces formed out of water are
responsible for a large Fadtion of the biologicai
activibes of radiabon.

+ Ordnary ions (H*, OH, H.0%) are among these
species, as is hydrogen peraxide (H,0.);

¢ So are free radicals: H+, OH+, O,», HO,», O,

+ Ofen discuss “solvated eleciron”, g, .
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Fricke Dosimeter

+ Bookkeeping tool for agueous radical chemisin

Fe'* = Fe* s e
fzrrous  f=rnc

H*+ 0, — HO»» H-O=0

HO,* + Fe?* — HO, + Fe™*

HO; + H* — H.0,

OH»+ Fe'* — Fe** + OH

H.O, + Fe&2* — Fe’* + OH + OH-

He + H.,0 — OH++H; (only n absence of O,)

PHYS561 04 23/34

Fricke Dosimeter: bookkeeping

+ Each hydrogen radical causes the oxidabon of
three molecules of ermous ion

+ H,O, produced by radsolysis will oxdze two
ferrous ions—one dwect one indiwect.

+ A radiolytically-produced OH- radical gives rise
to one more oxidation.

+ Therefore at acidic pH with axygen:
G{Fe*") = 2G{H.0,) + 3G{H) + G{OH)
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Definition of Yield

G = Yield = Number of events produced per
100 eV energy deposition

Yield is either unitless or has units of (energy)"
depending on your perspective

Fricke dosimeter provides a way of measuring
yield
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Interactions of Energetic

Electrons With Biological Tissue

. biol response
¢ Direct

€rast + DNA — DNAbroken+e-fast log - linear

- . : . dose - response
€t T Protein — Protein, on € ast

=N,e™*®

undamaged o

%zconstantoD N

¢ Indirect Action

*+ -
/H2O © fast \ further

e_fast+ HZO radical
N + i i chemistry
HyO% + €0t ag

( water

+biomolecules — (biomolecules)” +H,0 products
molecules
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Radical Fates/

Damaged Biomolecule Fates

¢ Recombination A« +Be — A-B (timescale 10-1s)
Generally A=Bie. A*+*A—>A-A
+ Restitution: Non catalyzed regeneration of non-
radical species
Ac+ X > A+ Xe

piol  diffuseable

f out
molecule biol

¢ Repair: Catalyzed regeneration of undamaged

species
A*+E+R — Amd + E + R+ where E is enzyme
biol biol
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NH,

N
v | \‘) Adenine
5-Terminus thN
5 el

HO—CH,, .0 !
s NH,
4 H H 1" J\
=
5 H Ej 2 H N | Cytosing
0 ||= 0 gH
—P—0— 0
| [ [ > 0 0
3 o} H H HN N
H 7 H |\ | p? Guanine
| 2
2 .0 "
™~ o
H H
H H CH,
= HM i
N J\ | hymine
? g (il 'y
0—F—0—CH; o |,
Q H oH
H = H

OH H

W. H. Brown & J. A. McClarin, Introduction to Organic and
Biochemistry, 3rd Ed., 1981
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Protein Backbones
and Nucleic Acid Backbones

T 1
N_ _C. H N
/THN(.‘?

O R

R =20 amino acid sidechain
(Alanine, Glycine,...)

) 3'
°\ \
P P
AN
SUGAR—BASE—— BASE—SUGAR

=) P
\' 2 or 3 hydrogen \'
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