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Semi-conservative replication of DNA - The experiment of 
Meselson & Stahl

1958

“Timing, hard work 
& Serendipity"

INTRODUCTION - BIOCHEMISTRY
THE PRECURSORS
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If we knew the monomers from which nature makes DNA, RNA and 
protein, we might be able to carry out very spectacular experiments in 
the test tube. Be that as it may, we now have for the first time a well-
defined model for DNA and for a possible replication process, and this 
in itself should make it easier to devise crucial experiments.

Deoxyribonucleic acid (DNA) and ribonucleic

acid (RNA)
- 1909 the word gene is introduced by 

Johannsen (1857-1927)

-1941 Beadle (1903-1989)  & Tatum (1909-

1975) -> 1 gene:1enzyme. 

-> Nobel prize 1958

-1944 Oswald Avery (1877-1955) – DNA 

is the genetic material -> Never received

a Nobel prize.

-1953 Watson (1928- ) & Crick (1916-

2004)  – model of DNA double helix -> 

Nobel prize 1962

-1958 Crick – “Central Dogma”

-1952 Hershey (1908-1997) & Chase 

(1927-2003) – Hershey Nobel 1969

4

5



4/15/2024

3

The central dogma according to Francis Crick

“... once ‘information’ has passed into protein it cannot get out 

again.”

The central dogma: an oversimplification?

“The central dogma, enunciated by Crick in 
1958 and the keystone of molecular biology
ever since, is likely to prove a considerable
over-simplification.”
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Bases that make up the nucleic acids

Numbering of atoms in the nitrogenous bases

PYRIMIDINE PURINE

Fritz Lipmann
(1899-1986)

- 1953 -

NPW 1953
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Adenosine
Triphosphate

(ATP)
(Lipmann, 1937)

A nucleoside

ADENOSINE
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RNA Mononucleotide components

RNA and some nucleotides

RIBOTHYMIDILIC  ACID

12

13



4/15/2024

7

ATP (adenosine triphosphate)

RNA and some nucleotides

RNA and some nucleotides

dATP (2´-deoxyadenosine triphosphate)
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RNA and some nucleotides

ddATP (dideoxyadenosine triphosphate)

Polyribonucleotides are degraded by alkali
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Polyribonucleotides are degraded by alkali

Polyribonucleotides are degraded by alkali
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Polyribonucleotides are degraded by alkali

Polyribonucleotides are degraded by alkali
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Polyribonucleotides are degraded by alkali

Erwin Chargaff
(1905-2002)

A + G

T + C
= 1

A + G = T + C

or

A = T

G = C
thus, 

A + C = G + T
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Chargaff E (1950) Experientia 6:201-240

Chargaff 1950

most students no longer study nature; they test models.
Erwin Chargaff

One of the obnoxious dogmas to which it has given rise - the so-
called Central Dogma: DNA makes RNA; RNA makes proteins
-is no longer valid. (I had never accepted it, as shown in
lectures I gave in 1957 in Moscow and in 1958 in Vienna)
But the fact that dogmas could be handed down from the
mountains shows that science had changed disastrously.

Erwin Chargaff
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I have a vivid recollection of a 1956 
discussion with two distinguished 
biochemists, X and Y, about the significance 
of the Watson-Crick structure of DNA. I was 
not making much of an impression. Finally I 
asked X, 

George Beadle, 1966

…"Do you believe that the Watson-
Crick structure is essentially correct?" The 
amazing answer: “Yes, I think it is correct, 
but I don't think it has anything to do with 
replication.”

Delbrück M (1954) Proc. Natl. Acad. Sci. USA 40:783-787

How DNA duplicates, according to Max Delbrück
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Delbrück M (1954) Proc. Natl. Acad. Sci. USA 40:783-787

How DNA duplicates, according to Max Delbrück

Delbrück M (1954) Proc. Natl. Acad. Sci. USA 40:783-787

How DNA duplicates, according to Max Delbrück
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"If a labeled duplex replicates 
repeatedly at the expense of an 
unlabeled pool, then according to 
this model, the label will be 
statistically equally distributed to 
the daughter-duplexes at each 
sucessive replication."

Delbrück M (1954) Proc. Natl. Acad. Sci. USA 40:783-787

How DNA duplicates, according to Max Delbrück

Delbrück M (1954) Proc. Natl. Acad. Sci. USA 40:783-787

“Distribution of labeled parental 
chains to daughter-duplexes, with 
breaks and rejoins as postulated in 
the theory here presented”

How DNA duplicates, according to Max Delbrück
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Precursor (7 months before M&S !!!)

Precursor (7 months before M&S !!!)
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Precursor (7 months before M&S !!!)

THE CHARACTERS
AND

THE PROBLEM
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MATTHEW MESELSON
Born: 24 de maio de 1930, em Denver, CO
PhD Advisor (1957): Linus Pauling
PhD at: California Institute of Technology (CalTech)
PhD thesis on: (1) Ultracentrifugation; (2) 
Crystalography

FRANKLIN W. STAHL
Born: 8 de outubro de 1929 em Boston, MA
PhD Advisor (1956): August H. Doermann
PhD at: University of Rochester
PhD thesis on: Genetics of Bacteriophage T4

Meselson & Stahl interview -> https://youtu.be/7-tnuAqEp9g?si=A1p9If3TODSBwAOt

Semi-conservative replication cartoon -> https://youtu.be/8jPK3S9S8rg?si=VWUB5R96kUgTLLgv

DNA replication – 3D animation -> https://youtu.be/UpNZws-G8HQ?si=UZlnpXUqbdOYdBmI

Stephen Bell – Replication fork -> https://youtu.be/TweBOe3DlfY?si=hMVd-DCUMEgR3OO7

https://youtu.be/V2evjmkur7k?si=ISj7865Wvc9E9RSE

https://ibiology.org

36

37

file://Volumes/WINTER_2015/ICB5751/2024/Aula_05_06/MeselsonEngSub.mp4


4/15/2024

19

Matt Meselon and Frank Stahl in 1996 under the tree in Woods 
Hole where they decided the famous experiment 42 years earlier

Hanawalt, PNAS 101:17889-17894, 2004

THEORETICAL
AND

METHODOLOGICAL BASES
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D = diffusion coeficient
kB = Boltzman constant
T = absolute temperature
 = Dynamic viscosity
r = radius of the spherical
particle

DIFFUSION is the transport of matter in a mixture 
caused by concentration gradients

SEDIMENTATION is the transport of matter in a 
mixture due to a external field, in particular due 
to gravity force or to centrifugal force.

The problem of macromolecule transport

STOKES-EINSTEIN-SUTHERLAND EQUATION (1905)

Constante dos Gases (R)
Número de Avogadro (N)

THEODOR SVEDBERG [1884-1971]

Chemistry Nobel Prize in 1926, age 42

• When 15 years old constructs a Marconi 
transmitter

• When 16 years old begins the studies at the 
University of Uppsala

• First paper published when he was 17 years 
old

• PhD at age 19

Main interest: colloidal solutions

Helped the foundation of LKB that later fused with Pharmacia and today is part of 
GE Lifesciences

Married four times, had 12 children and published 229 papers (the last one when 
aged 81) and 13 books!
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"The new centrifuge constructed by us allows the 
determination of particles that cannot be made visible in 
the ultramicroscope. In analogy with the naming of the 
ultra-microscope and ultra-filtration apparatus we 
propose the name ultra-centrifuge for this apparatus."

Svedberg’s “ultracentrifuge” attained a 
maximum of 5000 g
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The Svedberg equation

M =
RT

D (1 – nr)
dr/dt

w2r

M = molecular mass

D = diffusion coefficient

R = gas constant (8,3143x107 ergs/grau mol)

T = absolute temperature (in K)

r = distance from the rotation center to the center of the band

w = angular velocity

r = solvent density

n = protein partial specific volume
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M =
RTs

D (1 – nr)

dr/dt

w2r
= s = sedimentation constant

s is measured in reciprocal seconds

s basic unit 10-13 s, is called “one Svedberg

(S)”

The Svedberg equation

Analytical
Ultracentrifuge
Beckman/Spinco –
(Scientific American, 1951)

SPINCO = Specialized Instruments Corp.
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Gray, Scient. Amer. 184(6):42-51, 1951

Pannel of an analytical ultracentrifuge in the 1950s

ROTOR

SPINCO Model E Analytical Ultracentrifuge

Planken KL (2008) – PhD Thesis - ISBN 978-90-393-4798-0
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The rotor and its parts

Gray, Scient. Amer. 184(6):42-51, 1951

Gray, Scient. Amer. 184(6):42-51, 1951
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Analytical ultracentrifuge
rotor

Cell where the sample is applied

ROTOR

CENTER

ROTOR

EDGE

The rotor and its parts
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Observing the behavior of two proteins

Photography of the Refraction pattern Absorption

TOP

BOTTOM

ROTOR

CENTER

ROTOR

EDGE

Gray, Scient. Amer. 184(6):42-51, 1951

1:00 h 1:30 h 2:00 h 2:30 h

Ultracentrifugation of Limulus polyphemus hemocyanin

Gray, Scient. Amer. 184(6):42-51, 1951

ROTOR

CENTRE

ROTOR

EDGE

Centrifugation time
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Jerome Vinograd and Mathew Meselson and the analytical
ultracentrifuge Spinco Model E ser. #168

Hanawalt, PNAS 101:17889-17894, 2004

Mounting the 
cell of a 
modern 

analytical 
ultracentrifuge 

rotor

Beckman-Coulter™ LXL/A-TB-003F, 2001
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Filling the the two chambered standard cell

Sample+SolventSolvent

Cell end with
Screw RingFilling with hand

pipette

Filling with
syringe

Beckman-Coulter™ LXL/A-TB-003F, 2001

Beckman-Coulter™ PN LXLAI-IM-10AB 2014

A modern analytical ultracentrifuge
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Analytical Ultracentrifuge Beckman-Coulter Model XL-1

Planken KL (2008) – PhD Thesis - ISBN 978-90-393-4798-0

Beckman-Coulter™ PN LXLAI-IM-10AB 2014

UV absorption 
measurement system
In a modern analytical 
ultracentrifuge
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HOW THEY DID IT

PhD thesis of
Matthew Meselson

1957
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PNAS, 43:581-588, 1957

Meselson et al., PNAS 43:581-588, 1957
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This concentrating 
tendency is opposed by Brownian motion, with 
the result that at equilibrium the 
macromolecules are distributed with respect to 
concentration in a band of width inversely 
related to their molecular weight.

The centrifugal field tends to drive the 
macromolecules into the region where the sum 
of the forces acting on a given molecule is zero. 
(The effective density of the macromolecular 
material is here defined as the density of the 
solution in this region.). 

Meselson et al., PNAS 43:581-588, 1957

Resumo do método desenvolvido

Ultracentrifugação de DNA de T7

In a CsCl solution at 20 °C with initial density 
of 1,720 g/cm3 a DNA initial concentration of 
3 μg/mL

In a Spinco Model E Analytical
Ultracentrifuge at 31.410 rpm

The time required for the concentration 
of a species to be at 1% of the equilibrium 
value of the center of a Gaussian with two 
standard deviations can be estimated as:
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L = Length of the liquid column
σ = standard deviation at

equilibrium
D = diffusion constant

Meselson et al., PNAS 43:581-588, 1957

𝐿 ≫ 𝜎
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THE REBUTTALS

Experiments carried out in this
laboratory show that the subunit
consists of two strands, rather than
the single polynucleotide chain
necessitated by the Watson-Crick 
(1953) replication hypothesis.

Cavalieri et al., BBRC 1:124-129, 1959

1919 - 2013
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Cavalieri et al., BBRC 1:124-129, 1959

• Knowing that a deoxynucleotide has a 
mean molecular mass of 324.5 Da, what is 
the size in base pairs of a molecule with 
11x106 Da

• Knowing that the genome of E. coli has 
4.6x106 base pairs, how many fragments
of 11x106 Da exist in the genome?

kbppbx
Da

Dax

Dax

Dax
170107.1

649

1011

5.3242

1011 4
66

===

4.6𝑥106

1.7𝑥104
= 271 𝑓𝑟𝑎𝑔𝑚𝑒𝑛𝑡𝑠
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Cavalieri et al., BBRC 1:124-129, 1959

The E. coli DNA is a dimer with two double helices!
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