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Myoglobin
Myoglobin was the first protein visualized in three dimensions  
at the atomic level by X-ray crystallography, laying the foundation 
for a new era of biological understanding. For this discovery, 
John Kendrew and Max Perutz shared the 1962 Nobel 
Prize in Chemistry. In 1959 Max Perutz, whose 
methodological work had been crucial
to Kendrew's success, determined the 
structure of hemoglobin, a protein closely 
related to myoglobin and the second   
to be analyzed by X-ray 
  crystallography. 
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Ribosome
Ribosomes are complex molecular machines 
that serve as the primary site of biological protein 
synthesis. They are composed of two independent 
subunits of unequal size, which associate upon 
initiation of protein biosynthesis. Due to their 
enormous size, tendency to deteriorate, 
and functional heterogeneity, ribosomes 
are extremely challenging to crystallize. 

For determining the detailed 
structure and mechanism 
of the ribosome
Venkatraman Ramakrishnan, 
Thomas A. Steitz and 
Ada E. Yonath were jointly 
awarded the Nobel Prize in 
Chemistry in 2009.



1

2 3 4 5 6 7 8

9 10 11 12 13 14 15

16 17 18 19 20 21 22

23 24 25 26 27 28 29

S M T W R F S

March 2014

1 2 3 4

5 6 7 8 9 10 11

12 13 14 15 16 17 18

19 20 21 22 23 24 25

26 27 28 29 30 31

S M T W R F S

January 2014

February 2014

 1

2 3 4 5 6 7 8

9 10 11 12 13 14 15

16 17 18 19 20 21 22

23 24 25 26 27 28

Sunday Monday Tuesday Wednesday Thursday Friday Saturday

30 31



Photosynthetic 
Reaction Center    

The photosynthetic reaction center (PRC) is a complex of several proteins, chlorophyll,
and other cofactors assembled to execute the primary energy conversion reactions of
photosynthesis. The PRC from the purple bacterium Rhodopseudomonas viridis was
fundamental to our understanding of the structure and chemistry of this critical
biological process. Its X-ray crystal structure was determined in 1982 by 
Hartmut Michel, Johann Deisenhofer and Robert Huber, for which they
shared the Nobel Prize in Chemistry in 1988. PRC represented the 
first structure of an integral membrane protein.
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Protein-DNA
Complexes

TATA-binding protein (top center) acutely bends its cognate DNA binding
sites, while other DNA-binding proteins deform their DNA binding sites to

varying degrees (clockwise from top right: E2 protein, catabolite
activator protein, γδ resolvase, nucleosome core particle,
integration host factor, SceI endonuclease, trp repressor).

Background: X-ray diffraction image recorded
by oscillation photography from a

trp repressor crystal.
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Aquaporin

Two-dimensional crystals consist of a single layer of
molecules arranged in an ordered array. They are 
particularly useful for studying proteins embedded in
lipid bilayer membranes, like those found in eukaryotic
and bacterial cell walls. Electron diffraction, rather than
X-ray diffraction, is the most effective tool for studying
such systems at the atomic level. Yoshinori Fujiyoshi has
designed a series of cryo-electron microscopes for this
purpose and determined several important structures,
including aquaporin 4, a channel that selectively con-
ducts water across the cell wall.
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Calcium Pump
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To activate muscle contraction,
nerve excitation releases a flood
of calcium ions from a special 

intracellular compartment, known
as the sarcoplasmic reticulum. The

calcium rapidly spreads throughout the
muscle cell and binds to troponin, an integral
component of thin filaments, producing a 
conformational change that allows myosin

motors to climb up the thin filaments. 
Trillions of myosin motors continue 

climbing until the calcium is removed.

Calcium pumps in the membrane of the 
sarcoplasmic reticulum stop this frenetic 
calcium-induced contraction. Powered by 
ATP, they pump calcium ions back into the 

sarcoplasmic reticulum, which reduces 
the calcium level inside muscle 

cells leading to relaxation.

Crystallographic studies by Chikashi
Toyoshima and colleagues inspired
the structural model of the calcium

ATPase pump cycle shown here.
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Protein-Drug Complexes

Crystallography plays a central role in drug discovery by providing atomic
level visualization of key protein-drug interactions. Abl tyrosine-kinase 
inhibitors have revolutionized treatment of chronic myeloid leukemia,
which was typically fatal within a few years of diagnosis. Shown here is

the structure of the Abl kinase bound to a first-generation drug, 
imatinib (orange), which inspired medicinal chemists to design
an even more effective second-generation treatment, nilotinib

(green). The majority of patients treated with these drugs
live for at least a decade. While imatinib and 

nilotinib are very similar in structure, 
nilotinib is less vulnerable to the 
emergence of drug resistance, as 

it makes a better fit to the 
enzyme active site.
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Tobacco mosaic virus (TMV), the first virus to be discovered, was purified
by Wendell Stanley via crystallization. He demonstrated that the virus 
is primarily composed of protein. Others showed that TMV contains a 
single-stranded RNA genome. Prominent structural biologists (including 
J. D. Bernal, Rosalind Franklin, Ken Holmes, Aaron Klug, Don Caspar, and 
Gerald Stubbs) used X-ray diffraction and electron microscopy to study
TMV's 3D structure. The RNA strand (purple) is enveloped by a protective

coat of capsid proteins (pink) arranged in a cylinder. Stanley and
John Northrop shared the 1946 Nobel Prize in Chemistry "for

their preparation of enzymes and virus proteins in a pure form."
 
Detail shows Rosalind Franklin and Aaron Klug's TMV
model, sculpted by John Ernest for the 1958 Brussels
World Exhibition International Science Pavilion.

Tobacco
Mosaic
Virus
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HIV (human immunodeficiency virus), the cause
of Acquired Immune Deficiency Syndrome or
AIDS, is composed of two RNA strands, 15 distinct
viral proteins, and a few proteins derived from the
last host cell it infected, all surrounded by a lipid
bilayer membrane. Together, these molecules
allow the virus to infect cells of the immune 
system, thereby disabling the cells and forcing
them to build new copies of the virus. 

Reverse transcriptase, highlighted in the image
above and to the left, makes a DNA copy of the
HIV RNA genome. The large image shows the 
enzyme assembling a DNA strand (magenta) 
from the viral RNA (red). Thereafter, the same
enzyme destroys the original viral RNA as it 
builds a matching second DNA strand. The new
double-stranded DNA can then be used to make
both viral proteins and viral RNAs, which 
assemble to form new viruses. 

One component of the multidrug regimen 
currently used to fight HIV infection blocks 
the action of reverse transcriptase.

Reverse Transcriptase
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Insulin
Dorothy Hodgkin pioneered the use of X-ray diffraction for determining structures of 
biological molecules. Following her studies of penicillin (blue pill) and vitamin B12

(orange pill), she was awarded the Nobel Prize in Chemistry in 1964 for 
contributions to the development of crystallography. Hodgkin later 

determined the structure of insulin, the hormone that controls glucose
levels in the blood and one of the earliest protein structures.

"I used to say the evening that I developed the first 
X-ray photograph I took of insulin in 1935 was the most 

exciting moment of my life. But the Saturday 
afternoon in late July 1969, when we realized that 

the electron density map was interpretable, 
runs that moment very close." 

Dorothy Hodgkin
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Fluorescent Proteins

Green Fluorescent Proteins (GFP) are found in
jellyfish. They absorb ultraviolet light and then

emit lower-energy green light. Since GFP creates its 
own chromophore, the chemical group that produces color, 
it is a popular tool for genetic engineering. GFP is used as a 
tag for monitoring individual proteins in cells or even in the 

body, and for examining protein stability. The 2008 Nobel Prize in 
Chemistry was awarded jointly to Osamu Shimomura, Martin Chalfie, 

and Roger Y. Tsien for the discovery and development of GFP. 

Variants of GFP and its evolutionary relatives emit light of different colors, 
which allows tracking of multiple distinct proteins in a single cell.
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G protein-coupled receptors (GPCRs) form the largest family of human integral
membrane proteins. They transmit cellular signals from outside the cell to the 
cytoplasm and eventually the nucleus. They respond variously to neurotransmitters,
hormones, and light as shown here. GPCRs represent important targets for 
drugs; more than 50% of approved drugs work by modulating the 
action of one or more GPCRs.

The 2012 Nobel Prize in Chemistry was awarded jointly to Robert J. Lefkowitz 
and Brian K. Kobilka for studies of GPCRs. The PDB holds many GPCR 
structures, including Kobilka's groundbreaking structure of the β2 adrenergic
receptor bound to a G protein heterotrimer shown to the left.

G Protein-Coupled
Receptor 
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In the late 1950s, scientists began to decipher the 3D shapes of proteins at the level of individual
atoms. As structures were determined using X-ray crystallography, early computer graphics 
programs provided interactive views of these macromolecules. The possibilities for science and
knowledge seen in these glimpses of myoglobin,1,2 hemoglobin,3,4 lysozyme,5,6 and ribonuclease7,8

inspired a new field of structural biology. The potential research that could be enabled by
archiving and sharing data from these experiments moved the scientific community to action.

Beginning with the seven structures pictured on the cover–carboxypeptidase, chymotrypsin, 
cytochrome, hemoglobin (lamprey), lactate dehydrogenase, subtilisin, and trypsin inhibitor–
 the PDB archive was established in 1971 to provide both a home and an access point for the data 
produced from these experiments. 

Today, the PDB contains and supports online access to tens of thousands of biomacromolecular
structures determined via X-ray crystallography and other methods. These structures help researchers
understand innumerable aspects of biology ranging from biomedicine, agriculture, protein 
synthesis, health and disease, to biological energy. In 2014, the International Year of Crystallography,
the holdings of the PDB archive will reach the 100,000 structure mark.

The PDB archive is managed by the Worldwide Protein Data Bank (wwPDB), a consortium 
of organizations that host deposition, annotation, and distribution centers for PDB data and 
collaborate on  a variety of projects and outreach efforts.

The wwPDB partners include: the Research Collaboratory for Structural Bioinformatics Protein Data
Bank (RCSB PDB) and BioMagResBank (BMRB) in the USA, the Protein Data Bank in Europe (PDBe)
and the Protein Data Bank Japan (PDBj).

The PDB structures highlighted in this calendar illustrate how X-ray crystallography enables our 
understanding of biology at the atomic level. 
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