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Protein Chemistry and Biosynthesis

Dintzis - 1961

1928-2024

Howard Howard & Renée, 2009

Letter from Matthew Meselson to Salvador Luria (18/january/1958)

https://profiles.nlm.nih.gov/ps/access/QLBBGS.pdf

(the Meselson-Stahl paper was sent to PNAS on may/14/1958)
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Letter from Matthew Meselson to Salvador Luria (18/january/1958)

https://profiles.nlm.nih.gov/ps/access/QLBBGS.pdf

Mini Biografia de Howard M. Dintzis

1940s - UCLA - biochemistry classes with Bruce 
Merrifield (postgraduate student at the time) - NPW in 
1948 (solid phase polypeptide synthesis).

1948 - graduate in chemistry – begins PhD in Biophysics 
at Harvard with Edwin Cohn - fractionation and 
characterization of human plasma proteins.

1951 - attends seminar by Fred Sanger - sequence of
insulin.

attends Max Perutz seminar - structure of 
hemoglobin molecule.

Talks with Perutz about mercury use to resolve  
hemoglobin structure - Perutz invites him for a 
post-doc.

Dintzis, Biochem. Mol. Biol. Ed. 34:242-246, 2006

(1892-1953)
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1952 – finishes PhD on the dielectric properties of 
serum mercaptalbumin solutions - supervisor Larry 
Oncley

1953 - Studies on electrostatic forces between protein 
molecules.

1954-1956 - Works with Max Perutz at the MRC 
(Cambridge, UK). In the building where Rutherford 
worked (1900). Building closed at 17:00 and reopened 
at 7:00. They could enter the building to change the 
diffraction plates

- he stood at a table next to an interesting fellow: 
Francis Crick.

- They worked on solving structures using a computer 
only after 20:00 until one of the valves burned!

- Visits Faraday's laboratory at the Royal Institution at 
the invitation of Lawrence Bragg (then president, 
newly elected) and sees the instruments Faraday has 
built for his experiments.

- Receives an invitation from Linus Pauling to go to 
CalTech

1956 - despite the huge teaching load accepts 
Pauling’s invitation and goes to the US
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Decides to study protein biosynthesis using 
radioactively labeled amino acids.

- Initially uses mouse pancreas and liver but gives up 
both systems for what he initially imagined.

- Uses Jerome Vinograd's laboratory in the Department 
of Biology for initial experiments.

Vinograd’s laboratory resembles the MRC; dynamic 
with people always willing to discuss results from 
other laboratories.

Among the people attending Vinograd's laboratory was 
a post-graduate student: Mat Meselson.

Dintzis meets Henry Borsook in the neighboring 
building where Borsook studies hematopoiesis in 
anemic rabbits -> source of reticulocytes.

When Dintzis explained to Borsook what he wanted to 
do, he was perplexed that Borsook did not accept that 
proteins were encoded in DNA

Borsook believed that proteins were copied from 
preexisting molecules by a molding process.

His research slowed down when Dintzis accepts an 
invitation to the Department of Biology at MIT

1958 - restarts experiments in a new environment with 
crucial advantages.
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- Presence of Vernon Ingram -> fingerprinting
- Presence of Michael Naughton -> worked with Fred 
Sanger on paper chromatography of peptides.

- 3H-Leucine with high specific activity becomes 
available

1960 - sends the manuscript to John Edsall and 
publishes it in PNAS.

1961 - moves again to Johns Hopkins with Michael 
Naughton

1970 - shows that globin biosynthesis begins with a 
methionine.

HISTORY OF
PROTEIN STRUCTURE
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Ivanov & Shamin La historia de la síntesis de la proteína. Editorial Mir, Moscú, 1985

The first paper on proteins – De frumento (on gluten) 1745
Jacopo Bartolomeo Beccari – 1682-1766

Proteins are crystallizable!

Northrop et al., Crystalline Enzymes, 1955
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Northrop et al., Crystalline Enzymes, 1955

Proteins are crystallizable!

Dorothy Maud Wrinch (Rosario, 
AR 12/set/1894 – 11/fev/1976)

Mathematician and theoretical 
biochemist

She was secretary to Bertrand Russell 
and organized the publication of  the 
Tractatus of Wittgenstein

She proposed the cycle theory to 
explain the structure of proteins

Together with chemist Irving 
Langmuir proposed the 
hydrophobic effect

In 1929 she was the first woman 
to receive a DSc from Oxford 
University

She influenced members of 
Theoretical Biology Club as J.D. 
Bernal and Joseph Needham
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Wrinch, Nature 139, 972-973, 1937 
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Wrinch, Nature 139, 972-973, 1937 

Wrinch, Nature 139, 972-973, 1937 
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https://en.wikipedia.org/wiki/Cyclol

The reaction of the “cyclol”

Thermodynamically unfavorable because it eliminates the 
stabilization by resonance of the peptide bond

Therefore Linus Pauling did not accept the proposed model, 
despite its intrinsic beauty

The cyclol in a modern version

https://en.wikipedia.org/wiki/Cyclol
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Langmuir, Proc. Phys. Soc. 51(4):592-612, 1939

Irving Langmuir (1881-1957) – NPW 1932

Melhorou a bomba de difusão para atingir alto vácuo

Sugeriu o uso de argônio na lâmpada de filamento de 
tungstênio e mostrou que o filamento enrolado tinha
maior durabilidade

Langmuir, Proc. Phys. Soc. 51(4):592-612, 1939
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Langmuir, Proc. Phys. Soc. 51(4):592-612, 1939

Langmuir, Proc. Phys. Soc. 51(4):592-612, 1939
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Geometry of the peptide bond

Kopple, Peptides & Amino Acids, W. A. Benjamin Inc., 1966

Diagram of a polypeptide
chain
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Geometry of the peptide bond

Kopple, Peptides & Amino Acids, W. A. Benjamin Inc., 1966

Protein sequencing by Edman degradation

Phenyl-isothiocyanate

N-phenylthiocarbamyl peptide

Kopple, Peptides & Amino Acids, W. A. Benjamin Inc., 1966
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Thiohydantoin
(soluble in organic solvents)

Thiazolone
(unstable)

Kopple, Peptides & Amino Acids, W. A. Benjamin Inc., 1966

Protein sequencing by Edman degradation

Chemical peptide synthesis according to Merrifield (1964)

Kopple, Peptides & Amino Acids, W. A. Benjamin Inc., 1966
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Ingram, Nature 178:792-794, 1956

Ingram, Nature 178:792-794, 1956
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Peptide Separation by 
Two-dimensional 
Chromatography
and Electrophoresis

Katz et al., JBC 234:2897-2900, 1959.

Fingerprinting of 2mg of the main protein of 
bacteriophage T2

ELECTROPHORESIS
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Sample application
After digestion with 
trypsin and
chymotrypsin

Katz et al., JBC 234:2897-2900, 1959.
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PROTEIN BIOSYNTHESIS

Haurowitz, F. Biological Problems and Immunochemistry, Quart. Rev. Biol. 24:93-, 1949

The hypothesis of the template
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Two hypothesis to explain the biosynthesis of proteins:

(1) Through the reversion of protease hydrolytic reaction:
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“Proteins are hydrolyzed by enzymes and 
therefore they must also be synthesized by 
the enzyme which caused hydrolysis, since 
catalysts must accelerate the reaction rate 
equally in both directions”
Northrop, Kunitz & Herriott – Crystalline Enzymes – 2nd edition revised - 1955

(2) There is energy expenditure in the biosynthesis:
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“The acyl phosphate of fatty acids might then 
condense with glycerol to form the fats. The 
acyl phosphate of amino acids likewise might 
condense with the amino groups of other 
amino acids to form the proteins.”

H2N R2 PO3H2O

O

C

Fritz Lipmann, Metabolic Generation and Utilization of Phosphate Bond Energy in: Adv. Enzymol. Related Areas of 
Molecular Biology vol. 1, pp. 99-162, 1941 

Two hypothesis to explain the biosynthesis of proteins:
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Two basic schemes for protein biosynthesis

Steinberg et al., Science 124:389-395, 1956

Simultaneous mounting on 
a mold

Stepwise biosynthesis through 
intermediate forms of unknown 
chemical nature.

Monod (BBActa 16:99, 1955) & Spiegelman (J. 
Bacteriol. 68:419, 1954) have clearly shown that, 
under certain conditions, protein synthesis can 
proceed with no significant contribution from 
preexisting proteins or readily demonstrable 
peptides. …under the conditions used, more that 97 
percent and possibly all of the precursor material for 
protein synthesis consists of free amino acids.

The negative evidence that no intermediate 
compounds could be found by the rough survey 
methods used cannot be considered in any sense 
crucial evidence

Steinberg et al., Science 124:389-395, 1956
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The role of ribosome on protein biosynthesis, 1963

Nirenberg, Scient. Amer. March/1963

RADIOACTIVE PRECURSORS
AND

RADIOACTIVITY
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http://www.mcswiggen.com/FAQs/FAQ_EF-6_Fldr/WDS_Detector_Pict.htm

Geiger counter

Gas flow tube for 
radioactivity 
counting

Noble Gas

Forsén & Rydberg, Nucl. Instr. Methods 7:204-206, 1960
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https://en.wikipedia.org/wiki/Scintillation_counter

Photomultiplier

https://en.wikipedia.org/wiki/Scintillation_counter

Photomultiplier
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https://en.wikipedia.org/wiki/Scintillation_counter

The Liquid Scintillation Spectrometer

CIRCUITO 
DE

COINCIDÊNCIA

Single Event Detection

Fotomultiplicador
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https://upload.wikimedia.org/wikipedia/commons/7/71/JablonskiSimple.png

Fluorescence and Phosphorescence

singlet

triplet
T1

S1

S0
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http://www.nationaldiagnostics.com/images/lsc1_3_2_table.gif

The scintillators

TOLUENE DIOXANE

SOLVENTS

NAFTALENE

TOLUENE

PPO

POPOP

POPOP = 5-phenyl-2- [4- (5-phenyl-1,3-oxazol-2-yl) phenyl]-1,3-oxazole PPO = Diphenyloxazole

The scintillation mixture
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hν
hν

hν

hν
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Equipment to measure radioactivity

Nirenberg, Scient. Amer. March/1963

“Gas flow counter”used
by Nirenberg and 
probably by Dintzis

Containers for samples

The most modern "gas flow 
counter" produced by Nuclear-
Chicago - 1950s
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4A
4B 4C

SCIENTIFIC
PRECURSORS
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Mechanism of action of phenylhydrazine

This alters the deformability of erythrocytes that are 
then destroyed in the spleen

Reduction in the number of erythrocytes (= anemia) 
leads to an increase in the production of cellular 
precursors in the bone marrow -> reticulocytes

Phenylhydrazine
generates ROS (reactive 
oxygen species) that lead 
to modifications of

intracellular erythrocyte proteins (hemoglobin, 
spectrin, etc.)

Pandey et al., Amer. J. Phytomed. Clin. Therap., 2-3:390-394, 2014Berger, J. Appl. Biomed. 5:125-130, 2007
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Rabbit globin peptides obtained by trypsin digestion

Numerados em ordem crescente do N->C
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