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January 20, 13859

Dr. Joshua Lederberg
Department of Genetics
Stanford University
Palo Alto, California

Dear Dr. Lederberg:

Thank you very much for your prompt reply to my letter
of December 15 and for your post-card informing me of the
derivation by Armitage of the equations for the distribution
of numbers of mutants whose growth rate is different from
the parent.

A typed copy of the appendices géb enclosed which re-
places the handwritten copy I sent you. My equations for the
average number of mutants check exactly with those of Armi-
tage. There is a mistake in the handwritten copy of Apgeg—
dix I: the mutation rate per unit Time should equal C‘T;l'

pt

X

instead of T in order to make the definition of (X
p
in Appendix I the same as the definition of & 1in Appendix

II. This correction has been made in the typewritten COpPY .«

This, changes the value of X from 3.0 x 10-% to
4,3 x 1074 in Fig. 4 (a corrected figure is enclosed) and
a corresponding change should be made in the last line on
page 5. Since Fig. is a log plot this change makes little
difference,

As the equation stands now it is not only identical to
that of Armitage but also reduces to the Luria-Delbriick equa-
tion when the growth rates are equal, as it must. A bonus
of the Armitage paper is that the variance as well as the
mean has been calculated for the case of unequal growth rates.
Theory predicts a greater variance for a greater difference
in growth rate, and this effect is found experimentally.

As far as my coming to your laboratory is concerned, I
appreciate your consideration of this possibility. I feel
that collaboration between us on the genetics of pili would
be very productive and I am hoping that this will eventually
be possible.



Dr. Lederberg -2- January 20, 1959

You encouraged me to investigate other opportunities at
Stanford and elsewhere because of limitations of space and the
size of your group. Dr. Hubert Bloch, chairman of the Micro-
biology Department of the University of Pittsburgh Medical
School has offered me an appointment in his department, which
I will probably accept if things at Stanford don't work out
for 1959-60. Although this appointment is quite attractive
I would prefer to come to Stanford and work in your group.

I have told him that I am waiting to hear from you and that
i1t will be at least several weeks before I can expect any
answer,

As to an opening on a collaborative basis with Biophysics,
Biochemistry, or Medical Microblology, Biophysics is a distinct
possibility. My degree is in Biophysics and I have had further
experience in Radiobiology, Electron Microscopy, and Electro-
phoresis., However, I do not know to whom I should write at
Stanford; perhaps you could refer me to the person who is or-
ganizing this division or maybe you would rather check on this
possibility yourself. I am enclosing the page proof of a
chapter on electrophoresis I recently wrote with Dr. Lauffer
which might be of interest to the Bilophysiecs group.

Let me say again that I appreciate your interest in my

work and your prompt response to my application in spite of
the many distractions of organizing a new department.

Sincergly yours,
Y 0. ,

Charles C. Brinton, Jr.
CCB:1f



Appendix 1

Derivation of the equations for the average numbers of p"’
and p~ cells in & culture vhen the growth rates of the two forus

are different,

Assunptions and Definitlions

. . N division
PP—> P nutation rate = o per bacterlua per
P —s % nutetion rete = O
tp+ = gseneration tine of p'i' celis
p* = gencretion time of p~ cells
394- = mutver of pt celle &t tine t
o~ = muaber of pT cells at time t +-= c\\rono\oyicql time_
At t =0, N+ =1 and Ny = 0.
(e (2 P (2=
dt ‘total dt / nutation at division

In the ausence of sutation:

N T4 -
Nv" - RQ?- e(/f’), .m,?,é?- = In Ny p- + (t/tp-)lna.

dN_ - in 2 - in 2
rd
ﬁp t o ’ dt division tp-

In the absence of mutation:

B+ = No o+ 2{v/tp*) N+ = 2(t/tp+)



since No p+ =1 when t =0, or K¢ = o(t/tp"') 8 &

If o is small enough so that the fraction of p¥ cells lost
by mutation is slways amall compared to the total number of ;_)*
cells, this formula may be used to compute the numver of p*
cells at any time, This assumption iz velld at 37° up to
several hundred gencrations since o ¥ 2 x 10°%

Since u is definel o8 the nuaber of mutants occurring per
bacteriwa per divisicn, the rate of mutant production per
division equals tie numoor of parent cells timesu, The rate
of mutant production per unit time is proportionsl to the
nmanber of serent celle times the matation rate per unit time,
The mutation race per unii ciae oquals w Glviaed by L generé~
tion time of the paxent celly times ‘Y\ *~.

x AN By & o/t +) lha

\"dt / mutation

or
- e(;;/t.pav) in 2 o "\’Lz
{\ dt / autation t,+
Therefore:
dNy- o g, (1n 2/t +) ¢t ln 2
dt ty"' t@"

This is & readlly soluble differentiel equation of the form

X + r(x)y = &(X) where

Ina,
Ny= s X =t , £(t) = ..'—t;:' , a(t).‘:p* (lnz/t.-u-)t

X T{ time U measwred m units 0% Givision eqcles 0% backria Fathey
tMan  Chvmoleqically  the  pnit ol time bccovlc tor divided by In
wmd thiy eqvation “reduees 0 EQ.(3) o4 Lluriy aud De\bmck (u



The solution of the zenersl equation isi

¥y o= e"F[}[J@dx+ c}

(Margenau snd Murphy, p. 41) where F = F(x) = [ £{¢) a¢ .
In our case, F = F(t) =

Noe w @gt,_,;;p-; in 2 ; e{=t/ty=) in 2 dhr, (t/tp+) 1n 2,
P i tp'i'

The inte;re! incide the brookeis may be trensformed into

t+C

.

o y
j e du = e* .

oo 30 2 (2/egrd « fif,el) o

g+ 1n 2 (il/t,q-} - ii/tp-"h

Also, since Hp- = O when t = 0,

Integrsl

« n e

=
T+ 1n 2 ((3/5p+] = TL/55=T)

Therefores

o o(/tpm) In2 ane (/] - L/l v Ly
No- = tot e ((1/t,+] ~ [1/1,-]

“his equation reduees to the Luny- Delbrick (1) equatim (6)
whew  the jwmﬁoi\ times OF the Lo formy  are eduu |,
n?.-t
whe re NP m —I;\Ll t Ng= e_t'*" &= 4,
Eqvation (6) s - LA at
N¢ )



e fual  cquatio W be writvew  wore Siwf"] as

+ +
M2 &t M2t
N' - X (e‘ f - C F )
f | — & |
tp” o €q. (70)

’Dﬁb edvatiMm (s exqc1(7 CC('/«( 0 E‘{-(ﬂ’)""f
Armihjc(li) where

In 2 _Inz ol pio X =) Ye=o0O
‘-{?')b—fp')gﬁ ":F+) ) )j

-
-~



Appendlx ©
perivation of the equetlion for mulation rate in terus of
the fractlon of parallel clones having zero mutants {the

"gero-poinit” wethod).,

The prowewiiity of a mmbatlon per becteriw: per division
. S S

The proovabliity of not naving e mutation per Lacteriua
per divisionsl - «,

The nwiber of Alvisions that have occurred bto produce a
clone = N - 1 where N i the total number »f cells in the clono,
(This nwaber 1o correct whetiner or not the clone nas dividsd
synearonousliy. )

in order to hwve no mutantes in & clone, theyre ousit not
have peen a mutetlion during sy of the divislons. Since the
probablilty of an event which depends on tie siuaaltancous
fulflllent of several separate evenbs is the product of the
prouvauviililes of the poparate events, the probeuility of

aaving no mutente is
p o= (1~ {3)2&-‘1

When N is large, p = (1 - u)“
ing = Nin (L - )

When o 18 € 1079, Inp = - Ne  and o ® =(1n 5/N),

s equatm s exact! eQual 0 the combined ewyatims
) awd () o+ Luria awz Delbricek (1) 4oy the e where
No 15 Swll chMJ 1 Ng.
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Fig. 4 - The Pt —> P~ mutation rate, X s a8 a function of
incubation temperature. Entire clones arising from
presumptively single Pt cells are plated and the
fraction, P, of clones econtaining zero mutants is
determined. & is then estimated from the formuls:

0( = l;P where N 1s the average total number of
cells in the clones (Appendix 2), Thirs method
of determining X is entirely independent of any
growth rate difference between parent and mutant.
The experimental points are the open circles.

The sclid circle is the value of useéd for
plotiing the theoretical curve of Fig, 2.



