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Biochemistry: Lipids, Nucleic Acids, & DNA
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tertiary structure of proteins
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Adjacent protein strands of dry hair are held in place partly by hydrogen bonds.
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Hydrogen bonding with water allows protein polymers to slide past each other when hair is wet.
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Drrying hair removes water and fixes a new orientation of strands.
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Thioglycolic acid
cleaves the disulfide
links, reducing them

to ~SH groups and
separating the protein
strands from each other.
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Curling reorients
the strands and
the =SH groups.

oxidizing agent
converts adjacent -SH
groups to disulfide links
and fixes the new orientation

HS of the polymers.
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Glycerol Glyceryl tripalmitate Glyceryl trioleate
[ripalmitin Triolein
(a simple triglyceride; a fat) (a simple triglyceride; an oil)
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Image removed due to copyright restrictions. See diagram of lipid bilayer, Fig. 19.1
in Bruice, P. Essential Organic Chemistry. 2nd edition. Pearson/Prentice Hall, 2010.



Integral protein
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sugars found in nucleic acids



Purines
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amines found in nucleic acids



Generalized Structure of Nucleic Acid
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Sugar - Phosphate Backbone in DNA

Image by MIT OpenCourseWare.



DNA Double Helix
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FIGURE 25.18
structure of DNA.
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Oswald Avery

Photo removed due to copyright restrictions.
See

Oswald Avery

nucleic acids store and transmit genetic
information (1944)


http://profiles.nlm.nih.gov/CC/A/A/L/P/

Erwin Chargaff

Chargaff’s Rules (1949):
@ [A]=[T]

@ [C]=[G]

® [A]+[G]=[C]+[T]

© source unknown. All rights reserved. This content is excluded from our Creative Commons license. For more information, see
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DNA Base Compositions for Various Species

Species ‘ Adenine ‘ Thymine ‘ Guanine ‘ Cytosine

Homo sapiens (human)
Drosophila melanogaster (fruit fly)

Zea mays (corn)
Neurospora crassa (mold)

Escherichia coli (bacterium)

Bacillus subtilis (bacterium)

Note that the percentages of adenine and thymine, and of cytosine and guanine, are consistently similar.

Image by MIT OpenCourseWare.



Rosalind Franklin
Pattern No. 51
May, 1952

Reprinted by permission from Macmillan Publishers
Ltd: Nature. Source: Franklin, R., and R. G. Gosling.
"Molecular Configuration in Sodium Thymonucleate."
Nature 171 (1953): 740-741. (c) 1953.

Sodium deoxyribose nucleate from calf thymus. Structure B



Reprinted by permission from Macmillan Publishers
Ltd: Nature. Source: Franklin, R., and R. G. Gosling.
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Sodium deoxyribose nucleate from calf thymus. Structure B
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Sodium deoxyribose nucleate from calf thymus. Structure B



Book cover image removed due to copyright restrictions.

See Judson, Horace Freeland. The Eighth Day of Creation:
Makers of the Revolution in Biology. 25th anniversary edition.
Woodbury, NY: Cold Spring Harbor Laboratory Press, 1996.
ISBN: 9780879694784.
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Image removed due to copyright restrictions. Full scan of p. 737 from Watson
and Crick. "Molecular Structure of Nucleic Acids." Nature 171 (1953): 737-738.
See


http://www.nature.com/nature/dna50/watsoncrick.pdf

A Structure for Deoxyribose Nucleic Acid

E wish to suggest a structure for the salt

of deoxyribose nucleic acid (D.N.A.). This
structure has novel features which are of considerable
biological interest.

A structure for nucleic acid has already been
proposed by Pauling and Corey!. They kindly made
their meanuscript available to us in advance of
publication. Their model consists of three inter-
twined chainsg, with the phosphates near the fibre
axis, and the bases on the outside. In our opinion,
this structure is unsatisfactory for two reasons :
(1) We believe that the material which gives the
X-ray diagrams 1s the salt, not the free acid. Without
the acidic hydrogen atoms it is not clear what forces
would hold the structure together, especially as the
negatively charged phosphates near the axis will
repel each other. (2) Some of the van der Waals
distances appear to be too small.

Reprinted by permission from Macmillan Publishers Ltd: Nature. Source: Watson, J. D., and F. H. C. Crick.
"Molecular Structure of Nucleic Acids." Nature 171, no. 4356 (1953): 737-738. (c) 1953.




The previously published X-ray data’® on deoxy-
ribose nucleic acid are insufficient for a rigorous test
of our structure. So far as we can tell, it is roughly
compatible with the experimental data, but it must
be regarded as unproved wuntil it has been checked

against more exact results. Some of these are given
in, the following communications. We were not aware
of the detalls of the results presented there when we
devised our strueture, which rests mainly though not
entirely on published experimental data and stereo-
chemical arguments.

Reprinted by permission from Macmillan Publishers Ltd: Nature. Source: Watson, J. D., and F. H. C. Crick.
"Molecular Structure of Nucleic Acids." Nature 171, no. 4356 (1953): 737-738. (c) 1953.



Image removed due to copyright restrictions. Full scan of p. 738 from Watson and Crick.
"Molecular Structure of Nucleic Acids." Nature 171 (1953): 737-738. See


http://www.nature.com/nature/dna50/watsoncrick.pdf

We are much indebted to Dr. Jerry Donohue for
constant advice and criticism, especially on inter-
atomic distances. We have also been stimulated by
a. knowledge of the general nature of the unpublished
experimental results and ideas of Dr. M. H. F.
Wilkins, Dr. R. E. Franklin and their co-workers at

King’s College, London. One of us (J.D.W.) has been
alded by a fellowship from the National Foundation

for Infantile Paralysis.

J. D, WATSON
F. H. C. Cricxk
Medical Research Council Unit for the
Study of the Molecular Structure of
Biological Systems,
Cavendish Laboratory, Cambridge.
April 2.

Reprinted by permission from Macmillan Publishers Ltd: Nature. Source: Watson, J. D., and F. H. C. Crick.
"Molecular Structure of Nucleic Acids." Nature 171, no. 4356 (1953): 737-738. (c) 1953.




The Sequence of the Human Genome

). Craig Venter,"* Mark D. Adams,’ Eugene W. Myers,’ Peter W. Li," Richard J. Mural,’
Granger G. Sutton,’ Hamilton O. Smith,” Mark Yandell," Cheryl A. Evans,’ Robert A. Holt,’
Jeannine D. Gocayne," Peter Amanatides,’ Richard M. Ballew,’ Daniel H. Huson,’

Jennifer Russo Wortman,' Qing Zhang,' Chinnappa D. Kodira,” Xiangqun H. Zheng,’ Lin Chen,’
Marian Skupski,' Gangadharan Subramanian,’ Paul D. Thomas," Jinghui Zhang,’

George L. Gabor Miklos,” Catherine Nelson,® Samuel Broder,’ Andrew G. Clark,* Joe Nadeau,*
Victor A. McKusick,® Norton Zinder,” Arnold J. Levine,” Richard ]. Roberts,® Mel Simon,?
Carolyn Slayman,’® Michael Hunkapiller,'' Randall Bolanos,” Arthur Delcher,’ lan Dew,’ Daniel Fasulo,’
Michael Flanigan,’ Liliana Florea,” Aaron Halpern,’ Sridhar Hannenhalli,” Saul Kravitz,” Samuel Levy,’
Clark Mobarry,! Knut Reinert,” Karin Remington,’ Jane Abu-Threideh,’ Ellen Beasley,' Kendra Biddick,’
Vivien Bonazzi," Rhonda Brandon,’ Michele Cargill," Ishwar Chandramouliswaran,’ Rosane Charlab,’
Kabir Chaturvedi," Zuoming Deng,’ Valentina Di Francesco,’ Patrick Dunn, Karen Eilbeck,’
Carlos Evangelista,’ Andrei E. Gabrielian,” Weiniu Gan," Wangmao Ge," Fangcheng Gong,' Zhiping Gu,’
Ping Guan,” Thomas ). Heiman,' Maureen E. Higgins,” Rui-Ru Ji," Zhaoxi Ke," Karen A. Ketchum,’
Zhongwu Lai," Yiding Lei,” Zhenya Li," Jiayin Li," Yong Liang,’ Xiaoying Lin," Fu Lu,’
Gennady V. Merkulov,’ Natalia Milshina,’ Helen M. Moore,’ Ashwinikumar K Naik,’

Vaibhav A. Narayan,' Beena Neelam,’ Deborah Nusskern,’ Douglas B. Rusch,” Steven Salzberg,'?
Wei Shao,” Bixiong Shue,’ Jingtao Sun,’ Zhen Yuan Wang," Aihui Wang,” Xin Wang," Jian Wang,’
Ming-Hui Wei," Ron Wides,"* Chunlin Xiao," Chunhua Yan," Alison Yao," Jane Ye,' Ming Zhan,’
Weiging Zhang,' Hongyu Zhang,' Qi Zhao," Liansheng Zheng,' Fei Zhong,” Wenyan Zhong,’
Shiaoping C. Zhu," Shaying Zhao,'? Dennis Gilbert,' Suzanna Baumhueter,' Gene Spier,’
Christine Carter,” Anibal Cravchik,’ Trevor Woodage,' Feroze Ali,” Huijin An,” Aderonke Awe,’
Danita Baldwin,' Holly Baden,’ Mary Barnstead,” lan Barrow,” Karen Beeson,” Dana Busam,’
Amy Carver,” Angela Center,” Ming Lai Cheng,’ Liz Curry,’ Steve Danaher,’ Lionel Davenport,’
Raymond Desilets,’ Susanne Dietz, Kristina Dodson,” Lisa Doup,’ Steven Ferriera,’ Neha Garg,’
Andres Gluecksmann,’ Brit Hart,’ Jason Haynes,’ Charles Haynes,' Cheryl Heiner,"' Suzanne Hladun,’
Damon Hostin, Jarrett Houck,” Timothy Howland,” Chinyere Ibegwam," Jeffery Johnson,’
Francis Kalush," Lesley Kline," Shashi Koduru," Amy Love," Felecia Mann,’ David May,’

Steven McCawley," Tina Mcintosh,” Ivy McMullen,’ Mee Moy,’ Linda Moy," Brian Murphy,’
Keith Nelson,' Cynthia Pfannkoch,’ Eric Pratts,’ Vinita Puri,” Hina Qureshi,’ Matthew Reardon,’
Robert Rodriguez,’ Yu-Hui Rogers,’ Deanna Romblad,’ Bob Ruhfel,’ Richard Scott,” Cynthia Sitter,’
Michelle Smallwood,’ Erin Stewart,’ Renee Strong,® Ellen Suh,” Reginald Thomas,’ Ni Ni Tint,’
Sukyee Tse,” Claire Vech," Gary Wang," Jeremy Wetter," Sherita Williams," Monica Williams,’
Sandra Windsor," Emily Winn-Deen,” Keriellen Wolfe," Jayshree Zaveri," Karena Zaveri,’

Josep F. Abril,’* Roderic Guigd,' Michael J. Campbell,” Kimmen V. Sjolander,’ Brian Karlak,’
Anish Kejariwal,’ Huaiyu Mi,’ Betty Lazareva,’ Thomas Hatton,” Apurva Narechania,’ Karen Diemer,’
Anushya Muruganujan,’ Nan Guo," Shinji Sato," Vineet Bafna,” Sorin Istrail,” Ross Lippert,’
Russell Schwartz,” Brian Walenz, Shibu Yooseph,’ David Allen,’ Anand Basu,” James Baxendale,’
Louis Blick,’ Marcelo Caminha,' John Carnes-Stine," Parris Caulk,” Yen-Hui Chiang,” My Coyne,’
Carl Dahlke,' Anne Deslattes Mays,' Maria Dombroski,’ Michael Donnelly,’ Dale Ely,’ Shiva Esparham,’
Carl Fosler,” Harold Gire," Stephen Glanowski,' Kenneth Glasser,” Anna Glodek,’ Mark Gorokhov,’
Ken Graham," Barry Gropman,’ Michael Harris,” Jeremy Heil," Scott Henderson,’ Jeffrey Hoover,’
Donald Jennings,’ Catherine Jordan,’ James Jordan,’ John Kasha,' Leonid Kagan," Cheryl Kraft,’
Alexander Levitsky,! Mark Lewis,’ Xiangjun Liu," John Lopez,’ Daniel Ma,’ William Majoros,’

Joe McDaniel,” Sean Murphy,’ Matthew Newman,’ Trung Nguyen,' Ngoc Nguyen,' Marc Nodell,’
Sue Pan,’ Jim Peck,’ Marshall Peterson,’ William Rowe,’ Robert Sanders,” John Scott,’
Michael Simpson,’ Thomas Smith,’ Arlan Sprague,’ Timothy Stockwell,’ Russell Turner," Eli Venter,'
Mei Wang," Meiyuan Wen," David Wu," Mitchell Wu," Ashley Xia,' Ali Zandieh,” Xiaohong Zhu'

1304 16 FEBRUARY 2001 VOL 291 SCIENCE www.sciencemag.org




It has not escaped our notice that the specific

pairing we have postulated immediately suggests a
possible copying mechanism for the genetic material.

Reprinted by permission from Macmillan Publishers Ltd: Nature. Source: Watson, J. D., and F. H. C. Crick.
"Molecular Structure of Nucleic Acids." Nature 171, no. 4356 (1953): 737-738. (c) 1953.
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Book cover image removed due to copyright restrictions.
See Maddox, Brenda. Rosalind Franklin: The Dark Lady of DNA.
New York, NY: HarperCollins, 2002. ISBN: 9780060184070.



Book cover image removed due to copyright restrictions.

See Watson, James D. The Double Helix: A Personal Account
of the Discovery of the Structure of DNA. New York,

NY: Touchstone/Simon & Schuster, 2001

(original publication 1968). ISBN: 9780743216302.
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