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iving cells are filled with complex molecular machinery, a million

MEMBRANES

Cholesterol A oo & X . :
times smaller than familiar machines like computers or auto- Cells are surrounded by a membrane made of lipids, like the phospholipid and cholesterol molecules shown at the top. Membranes keep the cellular ig?i%*f ‘mﬂ,
: . : machinery inside and unwanted material out. Many proteins are embedded in this membrane, performing a variety of essential tasks. ATP synthase is a 1ej9 Topoisomerase s L% . e

mobiles. Cells use these tiny molecular machines to perform all of Phospholipid rotary generator that produces ATP (adenosine triphosphate), the small molecule used for powering cells. The two large complexes below it charge a battery that Y B

the jobs needed for life. Some are molecular scissors that cut food into
cell-sized pieces. Some build new molecules when cells grow or when dam-
aged tissues are repaired. Some are molecular bones and muscles that
support cells and help them move and crawl. Some fight off attackers,
defending against infection.

powers ATP synthase, and the tiny protein cytochrome c shuttles electrons between them. Rhodopsin is found in membranes in the retina. The small retinol

molecule inside of it changes shape when illuminated, causing the surrounding protein to send a signal to the brain. Cyclooxygenase builds one of the

molecules used to signal pain—this cyclooxygenase molecule here, however, is blocked by two molecules of aspirin, shown inside in white. At the bot-
tom are three molecules involved in photosynthesis, which capture energy from light and use it to power the synthesis of sugar in plant cells.

Researchers around the world are studying these molecules and determin-
ing their precise atomic structures. These structures are available on the
internet through the Protein Data Bank (http://www.pdb.org), the central
storehouse of hiomolecular structures. A few of the thousands of struc-
tures held in the Protein Data Bank are shown here. In

Water @ these pictures, the molecules are all drawn at a maghifi-
Gluose @  cation of 3,000,000 times, and each atom is shown as a
TriAﬂe“Ij"}e small sphere. Many of these structures are composed of
phosphate s . . - .
(ATP) several subunits, which are indicated by different colors.

An enormous range of sizes is shown here: the water mol-

ecule at the left has only three atoms and the rhinovirus shown below has

hundreds of thousands.
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TRANSPORT AND STORAGE

Of course, a perfectly sealed membrane would be of little use to cells, because nutrients could not get in and wastes could not get out.

The box shows a membrane looking face-on. Five proteins that form channels through the membrane are shown. To the right of the
box are several soluble proteins involved in transport and storage of molecules. Hemoglobin and myoglobin carry oxygen. Ferritin forms a hol-
low shell that stores iron ions. Serum albumin carries many different molecules in the blood.
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OUTSIDE THE CELL

Some molecular machines perform their jobs outside of cells. Many are compact,

so that they can diffuse quickly to their site of action. This is true of the four hor-
mones shown at the top: insulin and glucagon, which together regulate blood sugar lev-
els, interferon, which carries signals in the immune system, and human growth hor-
mone. The seven digestive enzymes (in yellow) are also small and very stable, so that
they can survive the hostile environment in the digestive tract. Each of these enzymes
has a small groove (oriented towards the top in each) that binds to a different target
molecule and digests it. At the bottom is rhinovirus, the virus that causes the common
cold, and an antibody, our major defense against viruses. Antibodies bind to viruses and
prevent them from binding to cell surfaces, thus blocking infection.

1n2¢ Nitrogenase

4atl Aspartate Carbamoyltransferase rex  Ribulose Bisphosphate Carboxylase/Oxygenase

1fxk  Prefoldin

CHEMICAL FACTORIES

Cells build a bewildering variety of enzymes—proteins that perform chemical reactions. At the top are the ten enzymes that perform

glycolysis, the breakdown of sugar to form ATP. Below that are several enzymes that perform different housekeeping reactions.
Dihydrofolate reductase activates a key cofactor molecule and alcohol dehydrogenase breaks down alcohol. Ribulose bisphosphate carboxy-
lase/oxygenase is the most common enzyme on the Earth, and performs a key step in the capture of carbon dioxide by plants to form sugar.
o The three synthases and the transferase make different building blocks for creating new molecules. Nitrogenase performs an essential role in
the ecosystem by converting nitrogen gas into a form that living cells can use.
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« PDB ID: 1a49 TM. Lorsen, M.M. Benning, |. Royment, 6.H. Reed (1998): Structure of the bis(Mg2+)}-ATP-oxalate complex of the rabbit muscle pyruvate kinose af 2.1 A resolution: ATP binding over a barrel. Biochemistry 37, p. 6247. « PDB ID: Lais PF. Koso, G. Ghosh, B.S. DeDecker, PB. Sigler (1997): The 2.1-A arystal structure of an archaeal preinitiation complex: TATA-boxbinding protein /fransciption factor (1B core/TATAbox. Proc. Nofl. Acad. Sci. U.SA. 94, p. 6042. + PDB ID: Lald S.J. Gamblin, 6.J. Dovies, J.M. Grimes, R.M. Jackson, JA. Littlechild, H.C. Watson (1991): Acivity and specifcity of human aldoloses. J. Mol. Biol

219, p.573. « PDB ID: 1aoi K. Luger, AW. Mader, RK. Richmond, D.F. Sargent, T.. Richmond (1997): Grystal structure of the nucleosome core partile ot 2.8 A resolution. Nature 389, p. 251. « PDB ID: Laon Z. Xu, A.L. Horwich, PB. Sigler (1997): The crystal sfructure of the asymmefric GrofL-6roES-(ADP)7 chaperonin complex. Nature 388, p. 741. « PDB ID: Lasy M. Ruff, S. Kiishnaswamy, M. Boeglin, A. Poterszman, A. Mitschler, A. Podjarny, B. Rees, J.C. Thierry, D. Moras (1991): Class Il aminoacyl fransfer RNA synthetases: crystal structure of yeast asparty RNA synthetase complexed with tRNA (Asp). Science 252, p. 1682.

PDB ID: 1atn W. Kabsch, H.G. Mannherz, D. Suck, E.F. Pai, K.C. Holmes (1990): Atomic siructure of the actin: DNase | complex. Nature 347, p. 37. « PDB ID: b7t A. Houdusse, V.N. Kalabokis, . Himmel, A.G. Szent-Gyorgyi, C. Cohen (1999): Atomic structure of scallop myosin subfragment ST complexed with MgADP: a novel conformation of the myosin head. Cell 97, p. 459. « PDB ID: 1hgy S. Iwata, J.W. Lee, K. Okada, J.X. Lee, M. Iwata, B. Rasmussen, TA. Link, S. Ramaswamy, B. Jap (1998): Complete structure of the 11-subunit bovine mitochondrial cytochrome bcl complex. Science 281, p. 64. « PDB ID: 1bkv. RZ.

Kramer, 1. Bella, P. Mayville, B. Brodsky, H.M. Berman (1999): Sequence dependent conformational variations of collagen triple-helical structure. Nat. Struct. Biol. 6, p. 454. « PDB ID: 1bI8 D.A. Doyle, J. Morais Cabral, R A. Pfuetzner, A. Kuo, J.M. Gulbis, S.L. Cohen, B.T. Chait, R. Mackinnon (1998): The structure of the potassium channel: molecular basis of K+ conduction and selectivity. Science 280, p. 69. « PDB ID: 1¢17 VK. Rastogi, M.E. Girvin (1999): Structural changes linked to profon translocation by subunit C of the ATP synthase. Nafure 402, p. 263. « PDB ID: 1cag J. Bella, M. Eaton, B. Brodsky, H.M. Berman (1994):

Crystal and moleculor structure of o collagendike peptide ot 1.9 A resolution. Science 266, p. 75. « PDB ID: dcgp S.C. Schultz, 6.C. Shields, TA. Steitz (1991): Grystal structure of a CAP-DNA complex: the DNA is bent by 90 degrees. Science 253, p. 1001. » PDB ID: 1cza A.E. Aleshin, C. Kby, X. Liu, 6.P. Bourenkov, H.D. Bartunik, H.J. Fromm, R.B. Honzatko (2000): Crystal structures of mutant monomeric hexokinase I reveal multiple Adp binding sites and conformational changes relevant to allosteric regulation. J. Mol Biol. 296, p. 1001. = PDB ID: ddar S. AKaradaghi, A. Aevarsson, M. Garber, J. Zheltonosova, A. Liljas (1996):

The structure of elongation factor 6 in complex with 6DP: conformational flexibility and nucleotide exchange. Structure 4, p. 555. « PDB ID: ddhf L. Dovies Il T.. Delcamp, N.J. Prendergast, V.A. Ashford, J.H. Freisheim, J. Kraut (1990): Crystal structures of recombinant human dihydrofolate reductase complexed with folate and S-deazafolate. Biochemistry 29, p. 9467. + PDB ID: 1679 C. Gibbons, M.G. Montgomery, A.GW. Leslie, 1.E. Walker (2000): The structure of the central stalk in boving mitochondrial F1-ATPase ot 2.4 A resolution. Nat. Struct. Biol. 7, p. 1055. = PDB ID: 1e7i A.A. Bhattacharyo, T. Grune, S. Curry (2000):

Crystallographic analysis reveals common modes of binding of medium and long-chain fatty acids to human serum alburmin. J. Mol. Biol. 303, p. 721. « PDB ID: Lefa CE. Bel, M. Lewis (2000): A doser view of the conformation of the Loc repressor bound to operator. Nat. Stuct. Biol. 7, p. 209. « PDB ID: 1efu T. Kawashima, C. Berthet-Colominas, M. Wulff, S. Cusack, R. Leberman (1996): The structure of the Escherichia coli EF-Tu.EFTs complex at 2.5 A resolution. Nature 379, p. 511. « PDB ID: Leiy Y. Goldgur, L. Mosyak, L Reshetnikova, V. Ankilova, M. Safro (1997): The crystal structure of phenylolanyHRNA synthetase from D N A
Thermus thermophilus complexed with cognate tRNAphe. Structure 5, p. 59. « PDB ID: 1€j9 M.R. Redinbo, 1. Champoux, W.G. Hol (2000): Novel insights into catalytic mechanism from a arystal structure of human topoisomerase | in complex with DNA. Biochemistry 39, p. 6832. « PDB ID: deuq LD. Sherlin, T.L. Bullock, K.J. Newberry, R.S.A. Lipman, Y-M. Hou, B. Beijer, B.S. Sproat, 1.J. Perona (2000): Influence of transfer RNA fertiary structure on aminoacylation efficiency by glutaminyl and cysteiny-RNA synthetases. J. Mol. Biol. 299, p. 431. « PDB ID: 1188 K. Palczewski, T. Kumasaka, T. Hori, CA. Behnke, H. Mofoshima, BA.

Fox, I. Le Trong, D.C. Teller, T. Okada, R.E. Stenkamp, M. Yamamoto, M. Miyano (2000): Crysfal structure of rhodopsin: A G protein-coupled receptor. Science 289, p. 739. « PDB ID: 1ffy LF. Silvian, J. Wang, TA. Steifz (1999): Insights into editing from an lle-tRNA synthetase siructure with tRNA(lle) and mupirocin. Science 285, p. 1074. « PDB ID: 1fjf B.T. Wimberly, D.E. Brodersen, W.M. Clemons Jr, R.J. Morgan-Warren, A.P. Carter, C. Vonrhein, T. Hartsch, V. Ramakrishnan (2000): Structure of the 30 ribosomal subunit. Nafure 407, p. 327. « PDB ID: 1fqy K. Murata, K. Mitsuoka, T. Hirai, T. Walz, P. Agre, ).B. Heymann, A. Engel, Genetic information iS Stored in the DNA double helix, seen

Y. Fuiiyoshi (2000): Structural deferminants of water permeation through aquaporin-1. Nature 407, p. 599. * PDB ID: 1fxk R. Siegert, M. Leroux, C. Scheufler, F. Harfl, I. Moarefi (2000): Structure of the molecular chaperone prefoldin: unique inferaction of multiple coiled coil tentacles with unfolded proteins. Cell (Combridge, Mass.) 103, p. 621. « PDB ID: 1gax S. Fukai, 0. Nureki, S. Seking, A. Shimada, J. Tao, D.6. Vassylyev, S. Yokoyama (2000): Structural basis for double-sieve discrimination of Lvaline from Lisoleucine and Lhreonine by the complex of {RNA(Val) and ValyHRNA synthefose. Cell (Cambridge, Mass.) 103, p. 793. "
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tal structures of the unligated and ATP- and CTP-complexed enzymes at 2.6-A resolution. Biochemisry 29, p. 7691. « PDB ID: 4hhb G. Fermi, M.F. Perutz, B. Shaanan, R. Fourme (1984): The rystal structure of human deoxyhaemoglobin af 1.74 A resolution. J. Mol. Biol 175, p. 159. « PDB ID: 4rhv E. Amold, M.6. Rossmann (1988): The use of moleculor-eplacement phases for the refinement of the human tinovitus 14 structure. Acta Cystallogr. A 44, p. 270. « PDB ID: 4tna B. Hingerty, R.S. Brown, A. Jock (1978): Further refinement of the structure of yeast RNAPhe. /. Aol Biol. 124, p. 523. « PDB ID: Senl L. Lebiod, B. Stec, J.M. Brewer, E. Tykarska (1991): Inhibition of enolase: the crystal structures of enolase-Ca2(+)- 2:phosphogl and enoloseZn2(+)-ph
at 2.2:A resolution. Biochemistry 30, p. 2823. » PDB ID: 5pep J.8. Cooper, 6. Khon, G. Toylor, 1. Tickle, T.L. Blundell (1990): Xay anolyses of aspartic proteases. Il Tree-dimensional structure of the hexagonal arystal form of porcine pepsin at 2.3 Angstroms resolution. J. Mol. Biol. 214, p. 199. « PDB ID: Srsa A, Wiodower, N. Borkakoti, D.S. Moss, B. Howlin (1986): Comparison of two independently refined models of ribonuclease-A. Acta Cystallogr. B 42, p. 379. « PDB ID: 7tim R.C. Davenport, PA. Bash, BA. Seaton, M. Karplus, G.A. Pefsko, D. Ringe (1991): Structure of the i

Structures depicted here can be found in the Protein Data Bank o http://www.pdb.org/. * H.M. Berman, J. Westbrook, Z. Feng, 6. Gilliland, T.N. Bhat, H. Weissig, L.N.

« PDB ID: 1gcn K. Sasaki, S. Dockerill, D.A. Adamiak, 1.J. Tickle, T. Blundell (1975): X1ay analysis of glucagon and its relationship o receptor binding. Nature 257, p. 751. « PDB ID: 1grm A.L. Lomize, V.I. Orekhov, A.S. Arsen‘ev (1992): [Refinement of the spafial siructure of the gramicidin A ion channel]. [Arficle in Russian]. Bioorg Khim 18, p. 182. « PDB ID: 1hrs G. Precigoux, J. Yariv, B. Gallois, A. Dautant, C. Courseille, B.L. Destaintot (1994): A crystallographic study of heme-binding fo ferriin. Acta Crystallogr. D Biol. Crystallogr. 50, p. 739.  PDB ID: 2i6h A.L. Gnatt, P. Cramer, J. Fu, D.A. Bushnell, R.D. Koberg (2001):
Structural bosis of transcription: an RNA polymerase Il elongation complex at 3.3 A resolution. Science 292, p. 1876. « PDB ID: Liat JA. Read, ). Pearce, X. i, H. Muirhead, . Chirgwin, C. Davies (2001): The arystal structure of human phosphoglucose isomerase at 1.6 A resolution: implications for cotalytic mechanis, cytokine activity and haemolytic anoemia. J. Mol. Biol. 309, p. 447. « PDB ID: Ligt L) Harris, S.8. Larson, KW. Hasel, A. McPherson (1997): Refined structure of an intact Ig62a monoclonal antibody. Biochemistry 36, p. 1581. = PDB ID: jb0 P. Jordan, P. Fromme, H.T. Witf, 0. Klukas, W. Saenger, N. Krauss (2001):
Three-dimensional structure of cyanobacterial ph I at 2.5 A resolution. Nature 411, p. 909. « PDB ID: jj2 D.J. Klein, T.M. Schmeing, PB. Moore, TA. Steitz (2001): The kinkturn: o new RNA secondary structure motif. EMBO J. 20, p. 4214. = PDB ID: 2kzu S.M. Prince, M.Z. Papiz, AA. Freer, 6. McDermott, AM. Hawthornthwaite-Lowless, R.J. Cogdell, NW. Isaacs (1997): Apoprotein structure in the LH2 complex from Rhodopseudomonas acidophila strain 10050: modular assembly and protein pigment interactions. J. Mol. Biol. 268, p. 412. « PDB ID: 4lbh M. Lewis, 6. Chang, N.C. Horfon, MA. Kercher, H.C. Pace, MA.
Schumacher, R.G. Brennan, P. Lu (1996): Crystal structure of the lactose aperon repressor and its complexes with DNA and inducer. Science 271, p. 1247. « PDB ID: 41z PJ. Artymiuk, C.C. Bloke (1981): Refinement of human lysozyme at 1.5 A resolution analysis of nor-bonded and hydrogen-bond interactions. J. Mol. Biol. 152, p. 737. = PDB ID: mhd S.E. Philips, B.P. Schoenborn (1981): Neutron diffraction reveals oxygenistidine hydrogen bond in oxymyoglobin. Nafure 292, p. 81. = PDB ID: 1msl 6. Chang, R H. Spencer, AT. Lee, M.T. Barclay, D.C. Rees (1998): Structure of the Mscl homolog from Mycobacterium tuberculosis:
a gated mechanosensitive ion channel. Science 282, p. 2220. « PDB ID: 1n2¢ H. Schindelin, C. Kisker, J.L. Schlessman, J.B. Howard, D.C. Rees (1997): Structure of ADP x AIF4(-)-stabilized nitrogenase complex and its implications for signal transduction. Nature 387, p. 370. * PDB ID: 1oco S. Yoshikawa, K. Shinzawa-toh, R. Nakashima, R. Yaono, E. Yamashita, N. Inoue, M. Yao, M.J. Fei, C.P. Libeu, T. Mizushima, H. Yamaguchi, T. Tomizaki, T. Tsukihara (1998): Redox-coupled crystal structural changes in bovine heart cytochrome ¢ oxidase. Science 280, p. 1723. « PDB ID: 1pfk Y. Shirakihara, PR. Evans (1988): Crystal structure
of the complex of phosphofructokinase from Escherichia coli with its reaction products. J. Mol. Biol. 204, p. 973. « PDB ID: 1poe D.L. Scott, S.P. White, J.L. Browning, 1. Rosa, M.H. Gelb, PB. Sigler (1991): Structures of free and inhibited human secretory phospholipase A2 from inflammatory exudate. Science 254, p. 1007. = PDB ID: dpre J. Deisenhofer, 0. Epp, 1. Sinning, H. Michel (1995): Gystallographic refinement ot 2.3 A resolution and refined model of the pt hefic reaction centre from Rhodopseud viidis. J. Mol. Biol. 246, p. 429. « PDB ID: 1pth P.. Loll, D. Picot, RM. Garavito (1995): The sfructural basis
of aspirin acivity inferred from the crystal structure of inactivated prostaglandin H2 synthase. Nat. Struct. Biol. 2, p. 637. « PDB ID: 1qf6 R. Sankaranarayanan, A.C. Dock-Bregeon, P. Romby, J. Caillet, M. Springer, B. Rees, C. Ehresmann, B. Ehresmann, D. Moras (1999): The structure of threony-RNA synthetase-tRNA(Thr) complex enlightens ifs repressor activity and reveals an essential zinc ion in the active sife. Cell 97, p. 371.  PDB ID: drex T.C. Taylor, I. Andersson (1997): The struciure of the complex befween rubisco and ifs natural substrate ribulose 1,5-bisphosphate. J. Mol. Biol. 265, p. 432. « PDB ID: 1rfb CT. Samudzi,
JR. Rubin (1993): Structure of recombinant bovine interferon-gomma at 3.0 Angstrom resolution. Acta Crystallogr. D Biol. Cystallogr. 49, p. 513. » PDB ID: 1smd N. Ramasubbu, V. Paloth, Y.6. Luo, 6.0. Brayer, M.. Levine (1996): Structure of human salivary alpha-amylase af 1.6 Angstrom resolution: implictions for its role in the oral covity. Acta Crystallogr. D Biol. Grystallogr. 52, p. 435. « PDB ID: Ltau SH. Fom, ). Wang, TA. Steitz (1996): Structure of Tag ploymerase with DNA ot the polymerase acfive site. Nature 382, p. 278. « PDB ID: Lttt P. Nissen, M. Kieldgaard, S. Thirup, . Polekhing, L. Reshefnikova, B.F. Clark, J.
Nyborg (1995): Crystal siructure of the temary complex of Phe-tRNAPhe, EFTu, and a GTP analog. Science 270, p. 1464. * PDB ID: 2tub E. Nogales, S.6. Wolf, K.H. Downing (1998): Structure of the alpha beta tubulin dimer by eleciron crystallography. Nafure 391, p. 199. « PDB ID: dwsy C.C. Hyde, k.. Parris, T.N. Bhat, C. Brown, SA. Ahmed, EW. Miles, D.R. Davies: Refined structure of the native form of the tryptophan synthase multienzyme complex from Salmonella fyphimurium. To be Published. « PDB ID: 2cpl H. Ke (1992): Similarifies and differences befween human cyclophilin A and other beta-barrel structures. Siructural
refinement af 1.63 A resolution. J. Mol. Biol. 228, p. 539. » PDB ID: 2dnj A. Lahm, D. Suck (1991): DNase lnduced DNA conformation. 2 A structure of o DNase octamer complex. . ol Biol. 222, p. 645. « PDB ID: 2gls M.M. Yamashita, R.J. Almassy, CA. Janson, D. Cascio, D. Eisenberg (1989): Refined atomic model of glutamine synthetase af 3.5 A resolution. J. Biol. Chem. 264, p. 17681. = PDB ID: 2hiu Q.X. Huo, SN. Gozani, R.E. Chance, JA. Hoffmann, B.H. Frank, M.A. Weiss (1995): Structure of a protein in o kinefic trap. Nat. Struct. Biol. 2, p. 129. = PDB ID: 2ohx S. Alaradaghi, ES. CedergrenZeppezaver, K.
Petratos, S. Hovmoeller, H. Terry, Z. Dauter, K.S. Wilson: Refined crystal structure of liver alcohol dehydrogenase-Nadh complex ot 1.8 Angstroms resolution. To be Published. « PDB ID: 2por M.S. Weiss, 6.E. Schulz (1992): Structure of porin refined at 1.8 A resolution. J. Mol. Biol. 227, p. 493. » PDB ID: 2pte M. Marquart, J. Walter, J. Deisenhofer, W. Bode, R. Huber (1983): The geometry of the reactive site and of the peptide groups in trypsin, trypsinogen and its complexes with inhibitors. Acta Crystallogr. B 39, p. 480. « PDB ID: 2tsc W.R. Montfort, K M. Perry, EB. Fauman, ).S. FinerMoore, G.F. Maley, L. Hardy, F. Maley, RM.
Stroud (1990): Structure, multiple site binding, and segmental accommodation in thymidylate synthase on binding dUMP and an anifolate. Biochemistry 29, p. 6964.  PDB ID: 3cyt T. Takano, R.E. Dickerson (1980): Redox conformation changes in refined tuna cytochrome c. Proc. Nafl. Acad. Sci. US.A. 77, p. 6371. = PDB ID: 3gpd W.D. Mercer, S.I. Winn, H.C. Watson (1976): Twinning in crystals of human skeletal muscle D-glyceraldehyde-3-phosphate dehydrogenase. J. Mol. Biol. 104, p. 277. « PDB ID: 3hhr AM. de Vos, M. Ultsch, A.A. Kossiakoff (1992): Human growth hormone and extracellular domain of s receptor: arys-
tal structure of the complex. Science 255, p. 306.  PDB ID: 3pgk H.C. Watson, N.P. Walker, P.J. Shaw, . Bryant, PL. Wendell, LA. Fothergill, R.E. Perkins, S.C. Conroy, M. Dobson, M.F. Tuite, et. al. (1982): Sequence and structure of yeast phosphoglycerate kinase. EMBO J. 1, p. 1635. « PDB ID: 3pgm S.I. Winn, H.C. Watson, R.N. Harkins, LA. Fothergill (1981): Structure and acfivity of phosphoglycerate mutase. Philos. Trans. R Soc. Lond. B Biol. Sci. 293, p. 121. « PDB ID: 4at1 R.C. Stevens, J.E. Gouaux, W.N. Lipscomb (1990): Structural consequences of effector binding fo the T state of aspartate carbamoylransferase: arys-
hoglycolate complexes

complex: an analogue of the intermediate on the reaction pathway. Biochemistry 30, p. 5821.
Shindyalov, PE. Bourne (2000): The Protein Data Bank. Nucleic Acids Research 28, p. 235. « F.C. Bemstein, T.F. Koetzle, G... Williams, E.E. Meyer Jr., M.D. Brice, J.R. Rodgers, 0. Kennard, T. Shimanouchi, M. Tasumi (1977): The Protein Data Bank: a computerbased archival file for macromolecular structures. J. Mol. Biol. 112, p. 535.

running from top to bottom here. Many proteins are used to
copy, read, and store this information. RNA polymerase copies the
information into a strand of RNA that will be used to direct the
construction of new proteins. It is assisted by topoisomerase, which
releases tension when the helix is wound and unwound, and guid-
ed to appropriate starting points by the two protein complexes
below it. DNA polymerase replicates DNA strands—here, the poly-
merase is filling a gap in the double helix. Some proteins, like the
lac repressor, grab DNA and bend it sharply, or even wrap it all the
way around themselves, like the two nucleosomes at the bottom.

BUILDING NEW PROTEINS

New proteins are built by ribosomes—complex molecular factories that

read the genetic code and use it to direct construction. Many molecular
machines are needed to assist the process. Twenty different aminoacyl-tRNA
synthases (six are shown here) load the building blocks onto tRNA, ready to be
added to a growing protein chain. Several protein factors, shown below the
ribosome, guide each tRNA into the proper spot. The three chaperone pro-
teins shown at the bottom help each new protein fold into its proper shape.

ibkv Collagen

latn Adin

1b7t Myosin

BEAMS AND GIRDERS

Cells are braced and supported by a complex infrastructure. This cytoskeleton is formed of sturdy filaments like actin and microtubules,
composed of many subunits stacked like bricks. Myosin is a molecular motor that climbs along actin filaments, allowing the cell to
move. Collagen, broken into two pieces here, is actually found outside of cells, where it forms connective tissue between cells.
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