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Nuclein: the chemical of the nucleus

 Fredrick Miescher bloody bandages (1869)

Miescher, Friedrich (1871) "On the chemical composition of pus cells”, Medicinisch-chemische 
Untersuchungen, 4 : 441–460.



Chromatin

Walther Flemming 
band structure in 

dividing cells (1879)

• Used cells of salamanders and staining 
techniques to study cell division (he called it 
mitosis). 

• The intensely stained parts of the nucleus he 
called chromatin (chroma is Greek for color).



Chromosomes

Hermann Fol and Oscar Hertwig 
(1870-1880)

• Observed fertilization and fusion of the eggs 
and sperms nuclei. 

• Chromatin is called chromosomes.



Factors on chromosomes

Morgan and the fly room 
found evidence to 

associate factors (genes) 
to specific chromosome. 

How?



First genetic map

First genetic map constructed by Alfred 
Sturtevant (1913) - Morgan’s student



Fly Room - Significance
Genes on chromosomes



Fly Room - Significance
Each chromosome - many genes



Fly Room - Significance
Linkage maps + cytogenetic maps



The chemical identity of the gene 

What is the gene made of?



Griffith’s transformation experiment

Griffith, F. (1928). The Significance of Pneumococcal Types. The Journal of Hygiene, 27(2), 113–159.
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I. 6BSERVATIONS ON CLINICAL MATERIAL.
SINCE communicating my report' on the distribution of pneumococcal types
in a series of 150 cases of lobar pneumonia occurring in the period from April,
1920 to January, 1922, I have not made any special investigation of this
subject. In the course, however, of other inquiries and of the routine examina-
tion of sputum during the period from the end of January, 1922, to March,
1927, some further data have been accumulated2.

Table I gives the results in two series and, for comparison,those previously
published.

1 Reports on Public Health and Medical Subjects (1922), No. 13.
2 I owe many thanks to Dr J. Bell Ferguson, formerly Medical Officer of Health for Smethwick,

for sendirg me many specimens from cases of lobar pneumonia.
Jouri.. of Hyg. xxvii 8



Avery’s transformation experiment

STUDIES ON T H E  CHEMICAL NATURE OF T H E  SUBSTANCE 
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES 

INDUCTION OF TRANS]~ORMATION BY A DESOXYRIBONUCLEIC ACID FRACTION 
ISOLATED I~RO~¢ PNEUMOCOCCUS TYPE III  

BY OSWALD T. AVERY, M.D., COLIN M. MACLEOD, M.D., AND 
MACLYN McCARTY,* M.D. 

(From the Hospital of The Rockefeller Institute for Medical Research) 
PLATE 1 

(Received for publication, November 1, 1943) 

Biologists have long attempted by chemical means to induce in higher 
organisms predictable and specific changes which thereafter could be trans- 
mitted in series as hereditary characters. Among microSrganisms the most 
striking example of inheritable and specific alterations in cell structure and 
function that can be experimentally induced and are reproducible under well 
defined and adequately controlled conditions is the transformation of specific 
types of Pneumococcus. This phenomenon was first described by Gri~th  (1) 
who succeeded in transforming an attenuated and non-encapsulated (R) 
variant derived from one specific type into fully encapsulated and virulent (S) 
cells of a heterologous specific type. A typical instance will suffice to illustrate 
the techniques originally used and serve to indicate the wide variety of trans- 
formations that are possible within the limits of this bacterial species. 

Gri~th found that mice injected subcutaneously with a small amount of a living 
1~ culture deri, ed from Pneumococcus Type H together with a large inoculum of 
heat-killed Type III (S) cells frequently succumbed to infection, and that the heart's 
blood of these animals yielded Type HI pneumococci in pure culture. The fact that 
the P~ strain was avirulent and incapable by itself of causing fatal bacteremia and the 
additional fact that the heated suspension of Type HI cells eoataincd no viable or- 
ganisms brought convincing evidence that the 1~ forms growing under these condi- 
tions had newly acquired the capsular structure and biological specificity of Type III 
pneumococci. 

The original observations of Griffith were later confirmed by Neufeld and Levin- 
thal (2), and by Banrherm (3) abroad, and by Dawson (4) in this laboratory. Subse- 
quently Dawson and Sia (5) succeeded in inducing transformation in ~tro. This 
they accomplished by growing R cells in a fluid medium containing anti-R serum and 
heat-killed encapsulated S cells. They showed that in the test tube as in the animal 
body transformation can be selectively induced, depending on the type specificity 
of the S cells used in the reaction system. Later, Alloway (6) was able to cause 

* Work done in part as Fellow in the Medical Sciences of the National Research 
Council. 
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Avery, O. T., MacLeod, C. M., & McCarty, M. (1944). STUDIES ON THE CHEMICAL NATURE OF THE SUBSTANCE 
INDUCING TRANSFORMATION OF PNEUMOCOCCAL TYPES : INDUCTION OF TRANSFORMATION BY A 
DESOXYRIBONUCLEIC ACID FRACTION ISOLATED FROM PNEUMOCOCCUS TYPE III. The Journal of Experimental 
Medicine, 79(2), 137–158.



Hershey and Chase experiment
I N D E P E N D E N T  FUNCTIONS OF VIRAL P R O T E I N  AND NUCLEIC 

ACID I N  GROWTH OF BACTERIOPHAGE* 

B~ A. D. HERSHEY AND MARTHA CHASE 
(From the Department of Genetics, Carnegie Institution of Washington, Cold Spring 

Harbor, Long Island) 

(Received for publication, April 9, 1952) 

The work of Doermaml (1948), Doermann and Dissosway (1949), and 
Anderson and Doermann (1952) has shown that bacteriophages T2, T3, and 
T4 multiply in the bacterial cell in a non-infective form. The same is true of 
the phage carried by certain lysogenic bacteria (Lwoff and Gutmann, 1950). 
Little else is known about the vegetative phase of these viruses. The experi- 
ments reported in this paper show that  one of the first steps in the growth of 
T2 is the release from its protein coat of the nucleic acid of the virus particle, 
after which the bulk of the sulfur-containing protein has no further function. 

Materials and Methods.--Phage T2 means in this paper the variety called T2H 
(Hershey, 1945); T2h means one of the host range mutants of T2; UV-phage means 
phage irradiated with ultraviolet light from a germicidal lamp (General Electric 
Co.) to a fractional survival of 10 -5. 

Sensitive bacteria means a strain (H) of Escherichia coli sensitive to T2 and its 
h mutant; resistant bacteria B/2 means a strain resistant to T2 but sensitive to its 
h mutant; resistant bacteria B/2h means a strain resistant to both. These bacteria 
do not adsorb the phages to which they are resistant. 

"Salt-poor' broth contains per liter 10 gin. bacto-peptone, 1 gm. glucose, and 1 
gin. NaC1. "Broth" contains, in addition, 3 gin. bacto-beef extract and 4 gm. NaCl. 

Glycerol-lactate medium contains per liter 70 m~ sodium lactate, 4 gin. glycerol, 
5 gin. NaC1, 2 gin. KCI, 1 gin. NI-I_aCI, 1 mm MgC12, 0.1 m~t CaC12, 0.01 gm. gelatin, 
10 rag. P (as orthophosphate), and 10 mg. S (as MgSO4), at pH 7.0. 

Adsorption medium contains per liter 4 gin. NaC1, 5 gm. K~SO4, 1.5 gin. KH~PO,, 
3.0 gm. Na~-IP0,, 1 mE MgSO,, 0.1 m_~ CaC12, and 0.01 gm. gelatin, at pH 7,0. 

Veronal buffer contains per liter 1 gm. sodium diethylbarbiturate, 3 mE MgS04, 
and 1 gin. gelatin, at pH 8.0. 

The HCN referred to in this paper consists of molar sodium cyanide solution 
neutralized when needed with phosphoric acid. 

* This investigation was supported in part by a research grant from the National 
Microbiological Institute of the National Institutes of Health, Public Health Service. 
Radioactive isotopes were supplied by the Oak Ridge National Laboratory on alloca- 
tion from the Isotopes DivisiOn, United States Atomic Energy Commission. 
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bacteriophage" . J Gen Physiol 36 (1): 39–56.



What is nucleic acid made of? 

What is the chemical composition 
of nucleic acids (DNA and RNA)?



DNA and RNA chemical unit

• The chemical unit that makes nucleic acids (DNA and 
RNA) is called Nucleotide.

Nucleotide 

• A nucleotide is 
composed of: 

1. Sugar 
2. Phosphate group 
3. Nitrogenous base 



DNA and RNA chemical unit

Do you remember what a nucleoside is? 
only for fun :-)



• A number of phosphate groups can be attached 
to carbon 5 of the sugar. 

• NTPs? dNTPs?

The phosphate group



What is the function os the phosphate groups? 

Any relation to replication/sequencing?

The phosphate group



The bases
Nitrogenous bases

Small bases Large bases

Pyrimidines 
One ring

Purines 
Two ringsFound in DNA 

and RNA

Found in RNA Found in DNA



Nucleotide linking

• Nucleotides are linked via phosphodiester bond. 
• A covalent bond links the phosphate group of one 

nucleotide to the 3’ carbon of the sugar of another.



Polarity
• 5’ end: where the 5’ carbon at one end of the 

molecule has a phosphate group. 

• 3’ end: where the 3’ carbon at the other end of 
the molecule has a hydroxyl group. 



The Race to DNA structure

The story of the discovery of the double helix 
involves these key actors



Watson and Crick

• They published a 900 words paper and Franklin 
and Wilkin also published on the same issue of 
Nature.



DNA structure

 1) DNA is a double helix. 
2) Two polynucleotides chains. 
3) The two chains wind around right handedly - 
right handed double helix. 
4) The two chains are in an anti-parallel 
orientation. One strand 5’ – 3’  orientation and 
the other 3’ – 5’). 
5) Sugar-phosphate backbone is located on 
the outside of the helix. 
6) The nitrogenous bases located on the inside 
of the helix.



DNA structure

7) The bases are stacked flat and 
perpendicular to the axis of the helix. The 
bases are on top of each other following the 
twist of the helix. 
8) The bases of the two polynucleotides are 
bonded together via hydrogen bonds on the 
inside of the helix. 
9) Bases of the two polynucleotide chains are 
base-pairing in a combination that maintains 
similar diameter of the double helix. 
10) A Pyrimidine always basepair with Purine 
forming complementary base pairs.



DNA structure

11) Thymine (T) basepair with Adenine (A), 
and Cytosine basepair with Guanine (G). 
12) Two hydrogen bonds involve the base-
pairing of (A and T) and three hydrogen bonds 
between (G and C). 
13) The sequence of one chain (strand) is 
enough to predict the complementary one in 
the other orientation. 
14) A major and minor groove result from the 
unequal spacing of the phosphate-sugar 
backbone.



Summary



The Central Dogma



The Central Dogma



The Central Dogma
Molecules as information and information flow



The code

1965: Marshall Nirenberg and Har Gobind 
Khorana (and others)



The genetic code

The genetic code is composed of 64 codons

61 amino acid 
coding codons

Three codons code 
for the stop of 

translation 
UAA 
UAG 
UGA

Start codon 
(AUG) 

methionine (Met)

60 codons code for 
19 other amino 

acids



Characteristics of the genetic code

1. The genetic code is made of triplets of 
nucleotides (3nts) called codons. 

2. The genetic code is continuous (no skipping). 
3. The code is not overlapping. Every three 

nucleotides in a sequence code for one codon. 
4. The genetic code is universal (almost). 
5. The code has specific signals for start of 

translation and stop of translation. 
6. The genetic code is “degenerate”. 
7. The Wobble effect of the third base in the 

codon.



Disclaimer

 Figures, photos, and graphs in my lectures are 
collected using google searches.  I do not claim to have 

personally produced the material (except for some). I 
do cite only articles or books used. I thank all owners of 

the visual aid that I use and apologize for not citing 
each individual item.  If anybody finds the inclusion of 
their material in my lectures a violation of their copy 

rights, please contact me via email. 

hhalhaddad@gmail.com

mailto:hhalhaddad@gmail.com

