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TATTTGATTTTTTGCTTAATTTTTATGTAATTACT TCCCCACAATTTTTGCCCACATATTGTGGATAAAT
TTTCCACATTTTATTCACAATGT TGATAAGT TGTGTAAGT CGACTTGT TGCCTTTATAAAGCAAAT GACA
CACTGAAAGT TATCCACAAACAAATTTTTCAAAAGT GT TTAAATCAAAAAGT TATCCACAAATAATGT GG
AAAACTTTTTAATAAATTTGTCGTTTCTTATGCTATCATAGTI TTTACATAAATTATTAACTACTATAGGC
AGGCAGT CAT GAGT CCAAACAGCACAT TATGGCAGACAATAT TACAGGATTTAGAAAAACTATACAACGA
GGAGACTTACAACGAGCTATTTCTACCAGTGACTTCTACTTTTAAAGATCAAAACGGATTACTTACAATC
GTTGTAGCTAATGAGT TCTTAAAGAATCGTATCAATAAACTATACAT TGCAAAAATTAACGAACTTCCTA
CAAAATATTCAAGTACT CCAGT TAGAT TGAAATTCGTATCACAAGAAGAAGT TAT TGAAGAACCAGT AGC
TGATCGTAAATTAACCATTGATTATCGT CAAGGGAACT TAAACTCTACCTATACCTTTGACTCTTTTGI T
GTTGGAAAATCTAACATGT TTGCTTTTCGTATGGCGAT GAAGGT TGCTGAT CAACCT GGAGCAGTAGCAA
ACCCTTTCTACATATTTGGT GATGTAGGT TTAGGT AAAACCCATCTTATGCAAGCAATAGGTAACTATAT
ATTAGATAATGATGTCGAAAAACGTATCTTATATGT TAAAGCTGATAACTTTATTGAAGACTTTGTATCT
TTATTATCAAGAAACAAAAAT AAGACT GAAGAATTCAATGCTAAATATAAAGATATTGACGT TATATTAC
TAGACGACAT CCAAATTAT GGCAAAT GCTAGTAAAACT CAAATGGAATTCTTTAAGCTCTTTGACTACCT
ATATTTAAATAATAAACAAATCGTTATAACATCTGATAAACCAGCT TCACAATTAACAAATAT CATGCCA
CGTTTAACGACACGT TTTGAAGCTGGT CTCTCTGTAGACATACAAATACCT GAATTAGAACATAGAATAA
GTATTTTAAAGAGAAAAACAGCTACAT TAGATGCCAACT TAGAGGTAAGT GAGGATATTTTAACCT TTAT
AGCATCTCAAT TTGCAGCAAACAT TAGAGAAAT CGAAGGTGCACTCATTCGT TTAATTAGT TATGCACAC
ACCTTTAATCTAGAAATTACAATGAATGT TGT TGAAGAAGCACT TGGTGCTGTATTAAAAACTAAGAAGA
AAACAAAT GATTTAAACGAAAATAACT ACGATAAGAT CCAAAGTATTGTAGCAGATTACTTCCAAGTTTC
ATTACCAGACT TAATTGGT AAGAAAAGACAT GCTAAATTCACATTACCTAGACATATAGCGATGTATCTT
ATTAAACTTAAATACAATATTCCTTATAAAACAATTGGATCTTTATTTAATGATAGAGACCACT CCACAC
TATTATCTGCT TGT GAAAAAGT AGAACGCGATAT GAGGATGGAT TCGAACT TAAAGT TTGCTGTTGACTC
GATTGTCAAAAAAATAGATTCACCATTATTAAAGT GATAAATGT TTATAAAAATGATTAAATGTGGTAAA
ATAAAT GGTAGATGAAGCGATTATTGCTAGT TTCCCACT TTCCCACAGACACTAACAATAACAAAGAAGA
AATAATAATTAATAAAAGGGGTAAAATATGAATTTTACAATTGAAAGAGATATCT TACTAAACCATCTAA
TGCCATGTACAAAAAGGAT TACCAAATAAAACACCTCTACCTATTTTATATGCTATTAAATTTGAAGT GT
TTTCAGATTATATCCAATTAACAGCTTCTAACT CTGATATAGCCATTCAAGTATTAATTGATGATCCATC
ATTAGT TGT TCATAAGACAGGAAAGAT TGCT TTACCCT GAGAGATCCCCTCATAATTTCCCCAAAGCGTA
ACCATGTGTGAATAAATTTTGAGCTAGTAGGGT TGCAGCCACGAGTAAGT CTTCCCTTGT TATTGT GTAG
CCAGAATGCCGCAAAACT TCCATGCCTAAGCGAACT GT TGAGAGTACGT TTCGATTTCTGACTGTGTTAC
CCTGGAAGT GCTTGTCCCAACCT TGT TTCT GAGCAT GAACGCCCGCAAGCCAACATGT TAGT TGAAGCAT
CAGGGCGAT TAGCAGCAT GATATCAAAACGCT CTGAGCT GCTCGT TCGGCT ATGECGT AGGCCTAGT CCC
TAGGCAGGACT TTTCAAGT CTCGGAAGGT TTCTTCAATCTGCATTCGCTTCGAATAGATATTAACAAGT T
GTTTGGGTGT TCGAATTTCAACAGGT AAGT TAGT TGCTAGAACCCATGGCTCCTTTGCCGACGCTGAGTA
GATTTTAGGT GACGGGT GGT GACAAT GAGT CCGT GTCGAGCGCTGATTTTTTCGGCCT TTAGAGCGAGAT
TTATACAATAGAAT TTGCCATGAGATTGGATTGCT TTTAGT CAGCCTCTTATAGCCTAAAGTCTTTGAGT
GACTAGATGACATATCATGTAAGT TCCTGATAGGT TTCCAGT TTTCCTCTCCTAGGT CTGCATATTGTAC
TTTTCCTCTTACTCGACTTAACCAGT ACCAACCCAGCTTCTCAACGGATTTATACCATGGCACTTTAAAG
CCAGCATCACT GACAAT GAGCGGT GTGGTGT TACT CGGTAGAAT GCTCGCAAGGT CGGCTAGAAATTGGT
CATGAGCTTTCTTTGAACATTGCTCTGAAAGCGGGAACGCTTTCTCATAAAGAGT AACAGAACGACCGT G
TAGT GCGACT GAAGCTCGCAATACCATAAGT CGT TTTTGCTCACGAATAT CAGACCAGT CAACAAGT ACA
ATGGGCATCGTATTCCCCGAACAGATAAAGCT AGCATGCCAACGGTATACAGCGAGT CCCTCTTTGTGGA
GGTGACGATTACCTAACAATCGGTCGATTCGTTTGATGT TATGT TTTGT TCTCGCTTTGGT TGGCAGGT T
ACGGCCAAGT TCGGTAAGAGT GAGAGT TTTACAGT CAAGTAAT GCGT GGCAAGCCAACGT TAAGCTGI TG
AGTCGT TTTAAGT GTAATTCGGGGCAGAAT TGGT AAAGAGAGT CGT GTAAAATAT CGAGT TCGCACATCT
TGTTGTCTGATTATTGATTTTTCGCGAAACCATTTGATCATATGACAAGATGTGTATCCACCTTAACTTA
ATGATTTTTACCAAAATCATTAGGGCATTCATCAGTGCTTTACCTGGCCGTTATTTTATTGATATTATTA
GAAAAGTAGCT GCTAAGCGT AT TGAGGT TGCTCTACAAGAAGAAAGACTATTAGT TATTAAAGCAGATCC
TTCAGAATTTAAATTAAAACTTATGGATATCGATGATTATCCAGATGT TGATTTTTTAGACTTAGCAGAA
CCAGTGATTCTATCATCTGATATGGT GAAAGAAAT TATTAAAGAAACTAAT TTCGCTACAGCTGATAACC
AAAAACGCCCAATTCTTACTGGGGTAAACT TTAAATATCAAGATAACCACT TATTTGCAGT TGCAACAGA
LOCUS CP000896 1496992 bp DNA circular BCT 06- SEP-
2011
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MSENTDKLHDKI KEVNI TSEMKTSFLNYAMSVI VSRAL PNAKDGL KPVQRRI L YGVHENNMYANTAHKKS
ARl VEDVMEKYHPHGDSSI YDAMVRMAQPFSYRKPL VDGHGNFGSVDGDGAAAMRYTEARL SKI AGEMVR
DI DKNTVNFVDNYDGSEREPQVLPSRYPNLLVNGSTG AVGVATNI PPHNLGEVI DAl FAYLDNPDI TVL
ELMQYI KGPDFPTGGQ LG TALRQAYETGKG | AVRAQHEI VETKNRTELI | TEI PYQVNKTTLI ERI A
EVVKNKI | EG SDLRDESNRKGVRI VI ELRKDTNPSVTLNNLYKHTQLQTSFA NM ALVDGQPRLLSLK
DALTHY! AHCI El | TRRTQFDLEKAEARVHI LEALVKALNDVDNVI KI | KDAKNPEDARNNLI ATYDFTE
| QARSI LTMQLQRLTGLEI DKI HEEADNLAHKI TEYKQ LGDEDLKI El | KSELQElI KDKYDDPRVSEVN
LYEDLDI DNEDLI PVEDI VWWTVTNNGY! KRMNL DEYKL QNRGGVGVSGVKLHDDDFVEHI AMTSTHDFHL
FFTNLGRVFKLKGYTLPSGSRQSKGVPI VNYLNFQPGEKLASFTTI KDFDAEDHYLFFVTKRG VKRTHI
NNYKNI RQNG | Al SLREDDEL LVTKSTNGHKHI LLGASNGKAI HFLETDI REI GRTATGVRGVDI PDDE
El VGFAVWDGA EDDI LVI TENGYGKRTSI TEYRLONRGGKGVKTLNVTDKNGKLKTLRKVTNDEDI | VWS
DRG TI RVPI DQI SQTKRATQGVRI | TLKGDQKVSTI Al VDHQEPEEEVVSNEAVVT QEQVAL SNQKKVL
EVVEL EAL EESVDEEDTKNAKQTKL DL
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FGURE 1.20 This bacterium is Escherichia coli, 2 member af the cofiform group of bacteria that colonize the
intestinal tract of humans. (5ee Table 1.7.) Fhoto, Martin Rotker/Phototzke, Inc.; inset phato, David M. Phillips/The Popida-
1lon CouncliSclence Soure/Photo Researchers, Inc)
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FIBURE L8 The strocture of cells. Schematic diagrams of 2 "generalized™ bacterial (a), plant (), and animal {5} cell. Note: Crganeiles are not
drawn to scale.




Flgure 1-32 A single-celled eucaryote
that eats other cells. (A) Didinlum is 2
camivorous protozoan, belonging to the
group known as dligtes. It has a globular
body, about 150 pm in diameter,
encircled by two fringes of cilia—sinuous,
whiplike appendages that beat
continually; its front end is fattened
except for a single protrusion, rather like
a snout. (B} Didinium normally swims
around in the water at high spaed by
means of the synchronous beating of its
cilia. When it encounters a suitable prey,
usually another type of protozoan, it
releases nuemerous small paralyzing darts
from its snout region. Then, the Didinium
attaches to and davours the other cell by
phagocytosis, inverting like a hollow ball
o engulf its victim, which is almost as
large as itseff (Courtesy of . Barlow.)
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Figure 1-21 The three major divisions (domalns) of the living world. Note that traditionally the word
bacteria has been wsed to refer to procaryotes in general, but more recently has been redefined to refer to
eubacteria specifically. Tha trea shown here is based on comparisons of the nudeotide sequence of a
ribosomal RMA subunit in the different species, and the distances in the diagram represent estimates of the
numbers of evolutionary changas that have occurmned in this molecule in each lineage (sea Fgure 1-27L
The parts of the trea shrouded in gray doud reprasent undertainties about details of the true pattern of
spedes divergence in the course of evolution: comparisons of nucdlectide or amino add sequences of
molecules other than rRMNA, as well 25 other arguments, lead to somewhat different trees. There is general
agreement, however, a5 to the early divergence of the three mast basic domains—the bacteria, the
archaea, and the aucaryotes.

FIGURE 2.31 The
Molecular Biologist’s “Tree
of Life”

This tree of life includes both the
traditional living creatures, such as
plants and animals, as well as the
two genetically distinct types of
prokaryotic cell (eubacteria and
archaebacteria). At the bottom are
shown a variety of gene creatures,
whose relationships are still mostly
uncertain.
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100 nm

Figure 2-49 The structure of the
cytoplasm, The drawing |5 approximately
to scale and emphasizes the crowding in
the cytoplasm. Only the macromolecules
are shown: ANAs are shown in Sive,
ribosomes in green, and proteins in red,
Enzymes and other macromalecules diffuse
relatively stowly in the cytoplasm, in part
hecaise they interact with many other
macromalecules small molecules, by
contrast, diffuse nearly as rapidly as they do
in watar, (Adapted from 0.5. Goodsell,
Trends Blochem, Sci 16:203-206, 1991, With
permission from Elsevier.)

FIGURE 1.16 Molacular representations. Compansan of (&) spacefilling, (8) ball-and-
stick, and {C) sheletal models of ATR

Struktura bioloskih polimera

Struktura nukleinskih kiselina
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Siruste et abbiws lall e e used vaerloaly as
shorhand for {13 the bas= alone, $2) the
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FIGURE 5.2 Ribose and deoxyribose.
Atoms-are numbered with primes to
destinguesh them from atoms in bases
{see Figure 5.4).
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FIGURE 3.05 The Bases of the Nucleic Acids

The four bases of DRA ore odenine, guanine, cylosine and hymine. In BMA, urocil reploces. thymine.
Pyrimidine bases conbain cne-ring struckures, whereas purine boses conkain wo-ring strucheas.
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Mudsic Aod

FICURE 53 Backbones of DNA
and RNA. The backbanes of these
nudsic aogds are formed by 3'40-5°
phosphodiester linkages. A sugas unat
iz highlighted n red and a phosphatz
group in blus
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Minor groove

(e

FIGURE 10.10 The double helix. (continued ) (c) The Watson-Crick base
pairs. The original model showed both A-T and G-C pairs with two
hydrogen bonds; the third hydrogen bond in the G-C pair was
subsequently identified by Linus Pauling. () Electron micrograph of
DNA being released from the head of a T2 bacteriophage. This linear
DNA molecule (note the two free ends) measures 68 pm in length,

FIGURE 10.17 The Watson-Crick base pairs A: Tand G:C



Base

Figure 214 The backbone torsion angles in a unit nucleotide. Each rotatable bond is indicated by a
curved arrow,



(A} butiding block of DNA (0 double-stranded DNA

SUgaT

o+l — i
sugar base

phosphate

nuclectide

Figure 1-2 DNA and fts bullding blocks. (A) DNA is made from simple subunits, called nuclectides, each consisting of a sugar-phosphate
molecula with 3 nitrogen-containing sidegroup, or base, attached to it The bases are of four types (adenine, guanine, cytosine, and thymina),
comesponding o four distinct nucleotides, fabeled &, G, C, and T. (B) A single strand of DNA consists of nucleotides joined together by sugar-
phosphate linkzges. Note that the individual sugarphosphate units are asymmetric, giving the backbone of the strand a definite diractionality,
or polarity. This directionality guides the molacular processes by which the information in DNA is interprated and copied in cells: the
information is always "read” in a consistent order, just as written English text is read from left to right. (C} Through templiated pofymerization,
the sequence of nudeotides in an existing DNA strand controls the sequence in which nucleotides are joined together in a new DNA strand;

T in one strand pairs with A in the other, and G in one strand with C in the other. The new strand has a nuclactide sequence complemeantary to
that of the old strand, and a backbone with opposite directionality: comesponding to the GTAA. of the original strand, it has . TTAC

(D) A normal DNA molecule consists of two such complementary strands. The nucleotides within each strand are inked by strong (covalent)
chemical bonds; the complementary nucleotides on opposite strands are held together more weakly, by hydrogen bords. (E) The two strands.
twist anpund each other to form a double helix—a robust structure that can accommodate any sequence of nudeotides without altering its
basic structure.
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s FGURE 8.8 Comparson of the A, B, and & Forms of DA (2} Side v




8 FIGURE 0,10 Righi-ssd lefihandrd heis
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Z-DNA

FGURE11.8 Comparison of the A- B, and Z-forms of the DMA double helix. The A- and B-structures show 12 bp
of DNA; the Z-structures; & bp. The middie Z-structure shows just one strand of a Z-DNA double helix to illustrate
better the left-handed zigzag path of the polynuclectide backbones in Z-DNA.{The fight blue line was added 1o
show the imaginary zigzag path.) A-DNA: pdb id = 2D47,B-DNA: pdb id = 3550, Z-DNA:pdb id = 1DCG.



BICTRERN comparison of the Structural Properties of A-, 8-, and 7-DNA

Double Helix Type
A B z
Owerall proportons Shore and broad Longer and thinner Elomgated and slim
Rize per base pair 25A 3SZATO0IDA ABA
Helix packing diameter IE5A ZATA 184 A
Helix rotadon sense Right-handed Right-handed Lefi-handed
Base pairs per helix repeat | I 2
Base pairs per norn of helix —11 — 14 iz
Mean rotation per base pair 536" 568" = 4.3 —60" /2
Pitch per murn of helix MBA 332 A 156 A
Base-pair dlt from the perpendicular + 19 =2 4.1 —~B
Base-pair mean propeller owist +18° +16° T ~A¥
Helix axis lcation Major groove Through base pairs Minor groove
Major groove propordons Exmemely narmow b very Wide and with Flamemed our on he
deep intermediawe depch surface
Minor groawve proporions Very broad bt shalkow Nurrow and with Exmemealy narmow b
intermediate depch desp
Glyrosyl bond conformacion anm ann and at C, symoat G

Adapted from Dickersan, R L, et al,. 1983, Helo gecmetry and hydmation in A-DNA, B-ONA, and Z-DNA. Cold Spring Harbor Symposium oo Quantitative Bology 47:13-24.

FIGURE 4.01 Watson and Crick in the 1950s

James Watson |b.1928] at lek ond Francis Crick (k. 17168), with their model of part of o DA
melecule in 1953, Courtesy of: A. Barringfon Brown, Science Photo Librory.

http://upl oad.wikimedia.org/wikipedia/commons/8/81/ADN animation.qgif
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MOLECULAR STRUCTURE OF
MUCLEIC ACIDS

& Structure for Deoxyribose Mucleic Acid

wish to suggrest s structure for tha sl

af dsoxyribose nucleic soid (DONAL, This

# ructirn ik novel featuma which sane of sonsiderble
bialogrieal interest.

A atructure for puedeic aoid has aleeady been
proposed by Poaling and Coreyt. Thoy kindly nade
thiir manweseript svailable @0 us in sdvoses of
publicatin, it mdel cansits of thres  inters
twinsd chaine, with tha phosphats near (s fihme
nxiz, aril the besss on the outridie, Tnoowr spinion,
thisz stfumare B ourEslsEfictory for toss ressons |
i1 W baliews that the matenal whioh gves the
X-ray dingrams ia il salt, not tho freo nedd. Wichoat
the anidie hypdrogen atoms it i nob alear whist foross
wonld hiold the stnsctors together, cspocinlly s chie
nogatively chenged phosphaies near the oxis will
papeal ek atluar, (%1 Boaps of the wvan der Waals
distannes appear to b tno small,

Amsther thres-uhain struciure hos alse been sag
gemted by Frases fin the prem).  Tn his model the
plioaphates wre on the cotsde mnd e basss on the
ingide, linked together by hydrogen bonds,  This
Alrtbure A desnribed is pather ill-definsd, and for
thiss ronsin, we sl IE Earume ne
on it

We wish 1o jik Iqrwarl &
mclically different sirwstare for
the salt of desscyriboss noelsic
spil,  Thin slroediare has pwo
helieal chaing sach eolbsd ropund
the shanes pxis (sec dingraam ). We
lawve made the wosl cheoical
nesamipions, nwmely, that ooach
ohain consista of phoaphinta di
walet EAIpE - Jolning E--n-cium,b
nbafirennes regduss with F,5°
links EH The two ohsing (but
wat. thoer basa) ar milated by a
ibysd porpendicular to the Gbee
-n:i:ﬂ Bath ohaims follow right-
lanrudond  Dalicos, haboowlng ta
tha dynd the soquenesa of thoe
ntoma in ihe twn chsins mn
in n]'r[:mire- irectingns, Fach
vhain  Socmely  roesembles  Ture
berg's® ol Mo, 15 Uhab s,
the hasss ore on the bessds of
the hedix and the phosphntes on
the pagssls, The configurstion
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I e )
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m rods ihe gainy of Catandard configuration’, the
hlnbrlillr\q_llllrh.l.hl AIRgAr bﬂll‘ﬂ ng}d!. ]'-""'U'leﬁl-
L..-.:un E:'nbm-uu oulnr to the sttnched bose. Tlere

NATURE

= cytosine
guanine
thymine

G A (purine)

Y =T C (pyrimidine)

400>
I

THT

= i residap on eaok dhain svery 34 AL in the zodiree-
ligm, Ws hsve namemed an angly of 38° Debween
ndjamant maidiiea 1 the sveoe shain, se thet il
strunture reponts alter 1 realdues on eech chair, thas
In, afeor 34 A, The distance of a phospharns adom
from the fhee axis is 10 AL A8 the phosphstes srs on
the outside, cations have oEl antes e them,

The sinsticn is an apen one, and ita witar contont
# enihor high, A1 lowser water contenta we would
axpent the to il o that the struoturm oouhd
teiiann minm Empace,

The noved foature of tha strocture s the munnes
in which the two chains am bald togother by the
puring aad pyrimidine basss, The plemes of the bases
are perpendicular to the fibme axis, Thoy are joined
toygsthioe in padire, & ningls basa feom one abain baing

Eﬂm‘lﬂ!ﬂb-lhﬁhhl Lo & ningle base froam the other
a0 that the two I side by side with idensiosl
rop-onlinates. Ona of the pair most e o parins sod
the othor o pyrimidine for honding o acour, Tha

hgpdrogen A i muide aa follows @ purine poaition
I ta imidine praition 1 purine poaidion § 10
pyrimiding position 6.

If it = whant e Bridaia ity neoar in the

struotiare in the most plaoaibia tawlomorie forms
-:ﬂrh_lhil'; I, wnlh !,I;a!_hung mthn;ﬂij‘:m the pasl ean

writions) It s fouml thay upecifin pairs of
bnses van bond together. “Uhoss poir s - sdonine
Iparime) with thymine {pyﬂmu]m} and ki
(parine | with evioaine (pyrimidms},

In cthor wonds, if an ir Porms ooe meankbar of

i pair, o sither chadin, then an thess sssomptions
the other mamher saust s thymmine | similnrly for

pumnine snd extosine.  The peqizenga of beas nn M
mng]e chain doks nol appear ta bo mestricted in sy
wag. However, if oaly specifk: paivs of braes onn be
formedd, it follows that if the sequesce of basea an
onwe abain @ giver, then the sequonss oo thoe othoer
ohain b mutomnticaliy determined,

It hna boan fmmd caxperimentally® (han gl mtln
u-F the mmonnta of wienins to thyming, snd the matic
of goanine te eytoaine, afe dlwars lase bo it
for dosxyribose msnlesn M!id:rm' T %

It g2 peobably imposible to build this struoboe
with & ribose sugor in place of the deoxyribose, as
tha exira oxygen stoan would moka too ol o ven
der Waals contaot,

The previcasly published X-ray datat® on deoxy-
riboae nuclpic acid ore insuffioient for & rigorous test
of our strugtura, - 50 for ss we oon tell, it is roaghly
sompadilds with the expecimenioal v:lnl:n. bt if st
he regerded as unpeovnd angil (6 hes been checkad
wgrinel miory a0l reaalts. Bome of theae are given
wi Ve follnwing comovunicniing, W wers ol pwin
af the details of the remits prosonted there whon wo
devised our aiFmoiuce, which rests miainky though net
cintiraly on published expirimantal deis and sters-
ehemical Argunents.

'I[t Fus nrit- wmoiphe lwl:lwtmu thot tha wpesdfiv

1 wip hove poatuiatel seedintel, l'u.gﬂ;aﬂlr& &
ice n?n rE:rr'J'unhnn for the ne.l‘;m Trusberinl.

Fr.l!l detiils of the strusture, u'ulgaudmg the ean-
ditiona sssumed in bullding iy, togeiher with o wma
of opordinetss for the stoms, will be puldishad
elwewheare.,

e nre mnch indebred to D, Jegry Donobs Tor
sopsinnt pdvien ned oriviojom, wlly on inter-
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- benowhidge of the general istiore of the o '-'ulul-ah:-d
pxperimentsl reamtte ond ddeas of D H.
Wilkins, Dr, B, E. Franklin s their oo-wurlu:"rs u1



K =GT (keto)

M = A C (amino)

S= G C (strong bonds)
W =A T (weak bonds)
B=GTC(dl butA)
D=GAT (dl but C)
H=ACT (dl but G)
V=GCA @l butT)
N=AGCT (any)

templete strand

“ " » B B 5 B B 8 B

parent DNA double hellx

Flgure 1-3 The copying of genetic
Information by DNA replication. In this
process, the two strands of a DNA double
halix are putled apart, and each serves as
a templata for synthesis of a new
complementary strand.

m FIGURE T0.2 Tho kbeling putivrn of "N
--rn-nnﬁurqb::&nn. {5, indicsies
orgel sirambs O imlicaies sew sirandsalics the
firsd i tioeg 1, ndirases new stromdy wiier g
socima guniratio |
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Figure 1-6 The conformation of an RNA
molecule. (A} Nucleotide pairing
between different regions of the sama
RMA polymer chain causes the molecule
1o adopt a distinctive shape. (B) The
three-dimensional structure of an actual
RMA molecule, from hepatitis delta virus,
that catalyzes RNA strand cleavage. The
bive nbbon represents the sugar-
phosphate backbone; the bars represent
base pairs. (B, basad on AR. Femé
D'Amard, K. Zhou and 1A, Doudna, Nature
395:567-574, 1994. With permission from
Macmillan Publishers Ltd.)




RGURE 1132 RNA psaudcinots are femed when d
sngie-stranded region of ANA folds to base-palr with a
hairpin loop. Loops LT and 13,35 shown on the
sequencs representation of human telomerase RNA
(TR on the laft, foem 2 pseusdoinot, The thees
dimansiona! strechure of an hTR pseudoknot 5 shown
on the right {pdb id = 1YMOL {Adepted Fom Fgue 2 in
Staple, O'W, and Bitcher, 5 E. 2008 Poesd pences: INA stroctunes
winh diverse funcions Flob Bickgy 3=213)

HEERE M2 Fibceamal ANA has 2 comales secondary
strurctire dues to many intrastrand fycoigen bonds The
geay knesin thin Sguee teces 3 polynudeatide chain oo
snding of maes than 1000 nudeotides. Aligned negions
represent H-bonded complementary bass squences.
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FIGHRE 11.36 Compastson of secondany stroctures of 165-lke rANAs from (a) a bactenem (£.coll, (b
chason (H woloaml, and () 3 eukaryote (5 cerevisioe, a yeasth
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(b) Loop C
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Helix 2

Helix 1
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Helix 5
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FIGURE 11.37 The secondary and tertiary structures of rRNAs in the 505 ribosomal subunit from the archaeon
Haloarcula marismortui (pdb id = 1FFk). (@) Secondary structure of the 235 mNA, with various domains color-
coded. (b) Secondary structure of 55 rRNA. (c) Tertiary structure of the 55 and 235 rRNAs within the 505 riboso-
mal subunit. The 55 rRNA (red) lies atop the 235 rRNA. (Adapted from Figure 4 in Ban, N_ et al, 2000. The complete
atomic structure of the large ribosomal subunit at 2.4 A resolution. Science 289:905-520)



AGURE11.38 Structure of the thiamine pyrophosphate
(TP whaswitch, a consanved region within the mANA
that encodes ensymes for synthests of this coenzyme
{pdb id = 2CEY]. TTR 2 pyrimédine-containing ooem-
pound, s shown I QfRnge. From Figurs 15in Thoms, 5,
Leshundeadut, M. snd San, M, 2006 Structure of the soksyatc
tHiarnine pyrophosphate ibomwitch with s regulztony gand.
Scene= A1 RI1I0E-1211)

Riboswitches, a naturally ecourring class of aptamers, are conserved regions of
mENAs that reversibly bind specific metabolites and coenzymes and usually act as
regulators of gene expression. Riboswitches are usually buned wathin the 5'- or
Fauntranslated regions of the mRNAs whose expression they regulate. Binding of
the metabolite to the riboswitch typically blocks expression of the mRNA. Figure
11.38 shows the struciure of the thimme pyrophosphate riboswitch,

) Invariunt C

@ Anmeodon
() COAY end

(D) it pyrimidine, ¥
() Iovarian: Tye
@ Invanaot purine., B

FIGURE 1133 A general diagram for the structee of
1RMA. The postions of mvadant bases as well & beses
that seldom vary are shown Incolor B = purine: ¥ =
pyrimidine. Dotied fnes denate sites In the O loop and
variable koop regions where varying numbers of nu-
clecttdes are found In différent tRMA= Insat: An aminca:
oyl group can add to the 30 1o oeate an aménoacyl-
HMA



Constant nuclectde

Constant punne or

HGERE11.34 Tertiary mimactions in yesst pheryl-
alaing tANA The molecule (= presented In the comeen-
tional doverlesf secondary struciure gensrated by In-
trastrand hydogen bonding Solid lines connect bases
that & hydrogen bonded when this dovesieal pattem
Is fodded Into the charactesisti: tRNA tertiary struches
(e 250 Higure 11.35).

e =l nu LA = dedoeed Fraom

n stdics of sks crysisls. The leriasy
rrﬂ.iﬁni'luln.l.l.ﬁ.mrlﬂll Bl
s @ pressnla] as o tonbescua ; H'hamnids
are indewied b rremln 15 T mre whirraes
an e, Econnecsd md anticsion loop mai
the bafom anl dle —0GCA T—0H seoeptor el
al lhe Lrp sigha
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RGURE 1135 (a) The thwee-dimsnsional strecture of yeast phamgdalanine tRNA. The tertlary foiding
ts Bustrated In the center of the diagram weth the ribose-phosphate backbone presented as 2 oon
tinxos ribbon; H bonds are indicated by oozshars Unpaired bases zse showm as short, unoan-
nected rods The anticodon loeop is at the bottom and the -C0A 3"-0H aoceptos end §s 2t the top
right. by & space-filling macdel of the mokecule {pdb id = GTHAL
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FIGURE 12.23 Three-dimensional map of all of the chromosomes
present in a human fibroblast nucleus. This computer-generated image
is based on fluorescence in situ hybridization analysis similar to that de-
scribed for Figure 12.18% that allows each human chromosome to be
distinguished from others and represented by an identifiable color. Each
chromosome is found to occupy a distinct territory within the nucleus.
(FROM ANDREAS BOLZER ET AL, PLOS BioL. 3:E157, 2005, COURTESY OF
THOMAS CREMER.)
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FIGURE 1412 The chromosomes of this early prophase nucleus have
begun the process of compaction that converts them into short, rod-like
mitotic chromosomes that separate at a later stage in mitosis. (FROMA.T.
SUMNER, CHROMOSOMA 100:411, 1991.)

looped domain

o
!

proteing forming a chromosome axis






AR ANANINANNZE S

"beads-on-a-string” 11 nm

form of chromatin

30-nm chromatin
fiber of
packed nucleosomes

section of
chromosome in an
extended form

condensed section

of metaphase

chromosome ?D[J nm
entire

metaphasea 1400 nm

chromosome




"beads-on-a-string"
created by formation
of nucleosomes

30nm solenoid

extended form of
chromosome

condensed section
of chromatin

mitotic
chromosome




FIGURE 12.22 Each mitotic chromosome has a centromere whose site
is marked by a distinct indentation. Scanning electron micrograph of a
mitotic chromosome. The centromere (C) contains highly repeated
DNA sequences (satellite DNA) and a protein-containing structure
called the kinetochore that serves as a site for the attachment of spindle
microtubules during mitosis and meiosis (discussed in Chapter 14).
(FROM JEROME B. RATTNER, BioEss. 13:51, 1991.)
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FIGURE 3.16 Banding Patterns of Human Chromosomes

Representation of the banding patterns seen in metaphase chromosomes during meiosis. The bands
are originally visualized by dyes. The relative distances between these bands are the same for an
individual chromosome, so this is a useful way of identifying a particular chromosome. Courtesy of
Dept. of Clinical Cytogenefics, Addenbrookes Hospital, Cambridge, UK, Science Photo Library.
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Geni

Protein nekodirajuéi

newly born protei

ubunit

amino acids

large subunit

Majar Classes of Non-Translated RMA

Name Function

Ribosomal RNA comprises major portion of ribosome and is invalved in synthesis of
polypepfide chains

Transfer RNA carries aming acids fo ribosome and recognizes codons on mEMNA

Small nuclear RMA

Guide RNA
Regulatery RNA

Antisense RMA
Recognition RMNA

Ribozymes

mmndﬁ-:ms:?df [’:;ﬂ m, ar 'mulrr;:rf;T

involved in processing of RMA or DMA in some organisms

functions in the regulation of gene expression by binding fo proteins
or DA or to other RNA molecules

funcfions in regulating gene expression by base pairing fo mRNA

part of o few enzymes {e.g., felomerase); enables fhem ko
recognize certoin short DNA sequences

enzymatically adive BMA molecules

Protein kodiraju ¢i
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1 repressor binds to the operator
/\/'—\_._/'
region and prevents RNA polymerase
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FIGURE 1230 The nucleotide sequence of binding sites in the control Regions of sequence symmetry in the CRP site and operator are indi-

region of the Jac operon. The promoter region contains the binding site cated by the red horizontal line. (REPRINTED WITH PERMISSION FROM
for the CRP protein as well as the RNA polymerase. The site of initia- R. C. DICKSON ET AL., SCIENCE 187:32, 1975; © COPYRIGHT 1975, AMERICAN
tion of transcription is denoted as +1, which is approximately 40 nu- ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE.)

cleotides upstream from the site at which translation is initiated.

+— lpstream

-5 rq;un Prbnow box Tﬂm:ria:liun slart

(=10 regiom] site {TS8) (+1)
CGATCCTACCTGACGETITTITATCGCAACTCTCTACTGTITCTCCATRCCCGTTITIT
GCEGTGATTATAG&CACTTTTGTTAEGCGTTTTTGTC&TGGCTTT CCCGCTTTG
TTECAALAEGTGTTTTTTGTTETIAATTCGGTGTAGAETTETAA%ECTAAATETTTT
CATAATCOGACTTOGTAAACCAAATTCAAAACGATTTAGCTTTACAL TqﬁAChCEGAAI
ATTTATTCCATGTEACACTTTTCEGCATCTTTGTTATOCETATCOTTATTTCATACCEAT
ACCCCAGEBOTTTACACTTITATCCTITCCGGCTCGTATCTTIGTGTGEBRATTGTCAGCGG
CCATCOAATCOCGCARAAACCTTTCCCOGTATCGCATCATACGCGCCCECAACAGAGTC
Al AAAATAAATOGCT TGACTCTGTAGCCOGAAGCGCOTATTATCACAC CGCCGCTO
il CAAAAAAATACTIGTCCAAAAAATTCCECATCCCTATAATCCCECTC GITCAGACCA
ikl CAATTTITTCTATTGCOG CCTCCGGAGAACTCCCTATAATGCLCCTCCATCGACACGE
RNAT CAACGTAACACTTITACAGEGOCGCGTCATTTGATATGATGCGCCCORCTTCCCGATA
AAATGAEETGTTGACKATTAATCATCGAAETAGTT&ACTAETACGE JCTTCACGTA

EF"%EEi% g

g

-5 region Pribinow hos
Consensus .
sequence: T € T T : G A € & T---111-15bpl---T A& T A A T---[58bpl---; A_
%oocourrence 42 38 B2 B4 TO 64 53 45 41 TH 95 44 50 51 96 E‘cﬂ}
of indicated base 'ﬁ

e FIGURE 11.2 5 of r ¥ from E celi. By comveniion, these
are HTUEIl = the sequence that would be found o the coding strand goang from lefi to nght as
the 3 to 3 divecton. The numbers below the consensus sequenons indicie the peroentage of the
time that a certamn position 15 oceupied by the mdicated nucleotide.
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FIGURE 29.12 The mode of action of lac repressor. The
structure of the lac repressor tetramer with bound (PTG
{purple) is also shown (pdb id = 1LBH).



Nejrative control
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DNA - | |

Inmective repressor

Repressor deletions are consttutive (derepressed)
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Inducer deletons are wninducible

m FIGURE 11.73 Basic conirol mechanisms seen in the conirol ofgml:ﬁ. T1'|IL"‘ may be
inaducible or represshle, and they muy be pomtively or negatively controlled.
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FIGURE 534 Transcription and
processing of the g-globin gene.
The gene 1= ransobed to yield the
primany transcript, which 5 modified by
cap and polyiA} addition. The miervening

saguences n the primary RNA tsanscript

are removed to form the mRNA

TATA box

Enhancer
(distal)

T

Promoter
(proximal)
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o
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Enhancer
(distal)

— '\
~30 bp
= | Exon Intron
~300 bp
Many factor sites
(e.g. FOS, JUN, MYC/MAX
(Sp1, CREB, ETS, CTF, etc.) transcription

TGACGCA CACGTG GGGCGG CCAAT

(-100)

start (+1 base)

intron

copyright 1996 M.W King



*Although the term exon is commonly used to refer to the protein-coding regions of an interrupted or
split gene, a more precise definition would specify exons as sequences that are represented in mature
RNA molecules. This definition encompasses not only protein-coding genes but also the genes for var-
ious RNAs (such as tRNAs or rRNAs) from which intervening sequences must be excised in order to
generate the mature gene product.

Cene
A
DNA
coding
strand Promoter/enhancer Exonl Inwon Exon2 Inowon Exon3 Inmon Exond
SCEIUC]'[[ES mRNA
l Transcription
mRNA ranscript LY
5unwranslated  Exon 1 Exon 2 Exon 3 Exon 4
region

Processing
(capping, methylation,
po]y {A) addition, splicing}

Mature mRNA 7-mG cap ‘_:& (A 00_000
Exonl FExon2 Exon3 Exond

FIGURE 29.36 The organization of split eukaryotic genes.

5 ¥
splice site splice sita

w8 [ ]
1

intron

FIGURE 535 Consensus sequence for the splicing of mRNA precursors.

Poly(A) addition
signal

3'-uniranslated region
(variable length

since transcription
termination is
irnprccisc)
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receptor protein in cell membrane
deterts emvironmental signal

. 4~ gens-regulatory protein
O 07 Satneted.

/..am:l binds to regulatory DNA...

"

l...p\n:m:-klng activation of a gene

Figure 1-39 Controfling gene readout
by environmental signals. Regulatory
DMA allows gene expression to be
controfled by regulatory proteins, which
ara in turn the products of other genes,
This diagram shows how a cell’s gena
expression is adjusted according to a
signal from the cell’s environment. The
initial effect of the signal is to activate 3
requiatory protein already present in tha
cell; the signal may, for example, trigger
the attachment of a phosphate group to
the regulatory protein, altering its

to produce another protein... chemical properties.
_.that binds to other
reguistory regions...
protelncoding
4 reglon :
T .-' =
regulatory l l
reglon
.to produce yet more proteins, including
some additional gene-regulatory proteins
FIGURE 5.27 Promoter sites for -35 =10 +1
transcription. Promoter sites are reguired : TTIGACA TAAT
for the mitmton of tansmpton in bath SHER o N
{A) prokaryotes and (B) evkaryotes -35 region Pribnow B e
Consensus sequences are shown. The first ko Start of
nucleotide to be transerbed is numbared RIMA
1. The adjacent nodeotide on the 5’ side (A} Prokaryotic promoter site
ts numbared — 1. The seguences shown are
thase of the coding strand of DNA -75 -25 +1
DONA template GGNCAATCT TATAAA
CAAT bax TATA box e
{sometimes present) {Hogness boo) Start of
RMNA
(B Eukaryotic promoter site
=10 +1
5 Punme-nich ALIG miRkA
ribosomal RNA
(A Prokaryatic start signal
+1 First AL from 5 end
¥ . ALG A FIGURE 532 Initiation of protein
HN-Met ~—— o> Protein synthesis. Start zignals are required
b for the initistion of protein symthesis in
{E) Eukaryotic start signal (A} prokaryotes and (B) eukayotes.
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HEWRE N5 Visnaforing transcription and translation, (1) Electron
micrmgraph of portions of an £ ool chromorome engzged in transcip-
ticn The [NA is scen as faint lines running che lemyrth of the photo,
'humﬁummmmdimmmmhln'ld:ﬂIimnf
associsted with the nascent RNAs are ribosomes in the act of mransla-
tion: in bacteria, transcription and latinn occur simauk vl The
RMA molecubes increase in length as the distance from the mitintion site

increases. {8} Electron micrograph of a polyribosome isolated from cells
the silic protein fibroin. This protein is large encugh to be visihle in the
ANDC. A THOMAS, SCIENCE B69:392, 1970 © COFYRIGHT 1970, AMKIICAN
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First base

Second base
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e codes. {a) An UVE'J'!JLPFI.II.H VETHUN §L HIEIET-
lapgang code. (bl A continuous versus a punciuated
code.
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Comparison of different genome sizes

Organism Organism Genome size (base Genome size (in mass - in Note
Lype pairs) human-readable format) pg
Virus Bacteriophage MS2 3,569 | 3.5kb 0.000002 First sequenced RNA—gem}mc[R]
Virus SV40 5.224 | 5.2kb 9]
g Fhage 0-X174 3,386 | 5.4kb First sequenced DN1’&-,g<:‘nurm:i 101
Virus HIV 9,749 | 9.7kb (1]
Virus Phage & 48,502 [ 48kb
Virus Mimivirus 1,181,404 | 1.2Mb Largest known viral genome
Bacterium Haemophilus influenzae 1,830,000 | 1.8Mb First genome of a |i'.-'inL',aurg;.mi.l.m
sequenced, July 1995~
acter] . <) 3
Bacterium Carsonella ruddii 159.662 | 160kb Sinallest nonsviral genumc.[ 13]
Bacterium Buchnera aphidicola 600,000 | 600kb
Bacterium Wigglesworthia glossinidia 700.000 | TO0Kb
Bacterium Escherichia coli 4,600,000 | 4.6Mb [14]
Bacterium | Solibacter usitatus (strain 9.970,000 [ 10Mb Largest known Bacterial genome
Ellin 6076)
Amoeboid | Polychaos dubium 670,000,000,000 | 670Gb 737 | ;. [15]
Largest km)juf.;n genome.
("Amoeba” dubia) (Dispu[cd[ I )
Plant Arabidopsis thaliana 157,000,000 [ 157Mb Fi
irst plant genome sequenced,
December 2000,
Plant Genlisea margaretae 63,400.000 | 63Mb Smallest recorded flowering plant
genome, 2006,
Plant Fritillaria assyrica 130,000,000.,000 | 130Gb
Plant Popudus trichocarpa 480,000,000 [ 450Mb First tree genome sequenced,
September 2006
Plant Paris japonica 150,000,000.000 | 150Gb 152.23 | Largest plant genome known
(Japanese-native,
pale-petal)
Moss Physcomitrella patens 430,000,000 | 480Mb First genome of a bryophyle
sequenced, January 2008,
Yeast Saccharomyces cerevisiae 12,100,000 [ 12.1Mb First cllge'dr}'uiit‘ genome sequenced.
1‘39‘5I 1
Fungus Aspergillus nidulans 30,000,000 | 30Mb
Nematode Caenorhabditis elegans 100,300,000 | 100Mb Pt silteetlils il gegume
sequenced, December 1998
Nematode Pratvlenchus coffeae 20,000,000 | 20Mb (21]

Smallest animal genome known




Insect

Drosophila melanogaster

130,000.000

130Mb

(22]
(fruit fly)
Insect Bombyx mori (silk moth) 530,000,000 | 530Mb
Insect Apis mellifera (honey bee) 236,000,000 | 236Mb
Insect Solenopsis invicta (fire ant) 480,000,000 | 480Mb 23]
Fish Tetraodon nigroviridis 385,000,000 | 390Mb Smallest vertebrate genome known
(type of puffer fish)
Mammal Homao sapiens 3.200,000.000 | 3.2Gb 3
Fish Protopterus aethiopicus 130,000,000,000 | 130Gb 143 | Largest vertebrate genome known

(marbled lungfish)

How Many Genes Does It Take To Make An Organism?
MNumber of Cells

Organism in Adult® Number of Genes
Myeobacierium genitalium 1 523
Pathogenic bacterium
Methanococeus jannaschii 1 1,800
Archaeal methanogen
Escherichia coli K12 1 4,400
Intestinal bacterium
Saccharomyces cereviseas 1 6,000
Baker's veast (eukarvote)
Caenorhabditis elegans 959 19,000
Nematode worm
Dhosophila melanogaster 1o 13,500
Fruit fly
Arabidopsis thaliana 107 27,000
Flowering plant
Fugu rubrifes 1ot 38,000 {est}
Pufferfish
Homo sapiens 1t 20,500 (est.)
Human

The first four of the nine organisms in the =ble are single-celled microbes; the |ast six are sukaryotes; the [ast five are
multicellular, four of which are animals; the final two are vertebrates. Although pufferfish and humans have roughly the
same number of genes, the pufferfish genome, at 0.265 billion nuclectide pairs, is only one-eighth the size of the human
QENOME,
*Mumbers for Arabidopsis thaling, the pufferfish, and human are “order-of-magnitude” rough estimates.




Components of the Eukaryotic Genomea

{Mumbers of copies given is for the human genome. |

Unique sequences

Protein encoding genes—comprizing upstream regulatory region, exons and infrons
Genas anmdinF non-tronsloted RA (snRMA, snofMA, 750 RMA, telomerose RMA, Xist BMNA, o

variety of small regulatory RMNAsS)

Mon-repefifive infrogenic non-coding DNA

In sed

Pseudogenes

Short Inferspersed Elements [SINEs)
Al element (300 bp-f

MIR fomiliss |average -130
1mnm-::|iun-1wida irﬁer)pmﬁ}mpecﬂil
Long Inferspersed Elements (LINEs)
UME-1 family {average ~800 bp)
UME-Z family (average -250 bp)
Retrovirus fike elements { 5001300 bp)

DA transposons [variable; average

ittve D&

~250 bpl
Tondem Repetitive Df&

Ribosomal RMNA gene:

Tronsfer RMA genes
Telomere SEQUENCES

Mini-satellites |= VIMTR:)

Cenfromere sequence [i-saeflife DiNA)
Satefliie DA

Mego-satellite DA

1,000,000 copies
~400 000 copies

~200,000-500,000 copies
~Z70,000 copies
~250,000 copies
=200 000 copies

5 clusters of about 50 fandem repeats on 5
different chromosomes

multiple copies plus several pseudogenes
several kb of a & bp fandem repeat
blocks of 0.1 to 20 op of short tandem repeats
{550 bp), most located dose to felomeres
171 bp repeat, bind: cenfromere proteins
blocks of 100 kbp or lo of tandem repeats

of 20 to 200 bp, most located dase to
cenfromeres

blocks of 100 kbp or lo of fandem repeats
of 1 to 5 kbp, vorious o




Bacterial DNA Plasmids

\b

There are two types of plasmid integration into a host bacteria; Non-integrating plasmids
replicate as with the top instance; whereas episomes, the lower example, integrate into the
host chromosome.
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Table 4. Values of the 12 Previously Published Scales of Amino Acid Hydrophobicity Coefficients®
CHOTHIA

amino acid

Ala
Arg
Asn
Asp
Cys
Gln
Glu
Gly
His
lle
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Twr
Wal

¢ For reference codes, see Table 3.

ZIMM

0.83
0.83
0.09
0.64
148
0.00
0.65
0.10
1.10
252
307
L&0
140
2.75
2.70
0.14
0.54
0.31
297
179

FAUC

0.31
-1.01
—0.60
=0.77

1.54
-(.22
—(.64

0.00

0.13

1.80

170
—0.99

123

1.79

0.7z
—0.04

0.26

225

0.96

1.22

BULL

0.38
0.01
0.12
0.15
.50
0.07
0.18
0.38
0.17
0.60
045
0.03
0.40
0.50
0.18
0.22
0.23
0.27
0.15
0.54

JANIN

170
010
0.40
0.40
4,80
0.30
0.30
1.80
0.80
3.10
2.40
0.05
180
2.20
0.60
0.80
0.70
1.60
1.50
290

GUY HEI]
0.10 =12.04
1.90 39.23
0.48 4.25
0.78 23.22

=142 3485
0.93 216
0.83 16.81
0.33 -7.85

—0.50 6.28

=113 =18.32

-1.18 -17.79
140 9.71

—1.59 —8.86

-2.12 —21.98
0.73 5.82
0.52 -1.54
0.07 -4.15

—.51 —16.19

=0.21 =151

=127 -16.22

HW

=05
30
0.2
3.0
=10
0.2
3.0
0.0
—0.5
-18
-18
3.0
=13
-25
0.0
0.3
—-0.4
—3.4
=23
=15

KD

MEEK

MEEKR

11
—0.4
=42
-1.6

71
-29

=0.2
=07

8.5
110
-1.9

54
13.0

-3.2
=17
17.0
7.4
5.9

GUO
22
0.9

-2

-02




Amino acid composition

Key:

Aromatic

10— [] Aliphatic | (Phe, Trp, Tyr)

[:l Acidic D Amide
Small hydroxy : -
o D (Ser and Thr) D Sulfus
- — |:| Basic
6 —
4] il i
Ly .

Leu Ala Ser Gly Val Glu Lys Ile Thr Asp Arg Pro Asn Phe Gln Tyr Met His Cys Trp

FIGURE 5.16 Aminc acid composition: frequencies of the various amine acids in proteins for all the proteins in
the SWISS-PROT protein knowedgebase. These data are derived from the amino acid composition of more
than 100,000 different proteins (representing more than 40,000,000 amino acid residues). The range is from
leucine at 9.55% to tryptophan at 1.18% of all residues.
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Ancesiral 1 10 a0
cytochrome ¢ # —Cys—Ala —Gln- Cys —His—Thr—Val—Glu— ? —Gly—Gly— ? —

Human —Clne Cys —His—Thr —Val—Glu—Lys — Gly—Gly—Lys—

cywochrome ¢

3t 40 50
—His—Lys —Val -Gly—Pro —Asm—Leu— His— Gh—Leu— Phe—Glv—Arg—Lys— 7 —Gh—Gln—Ala— ? —Gly—Twr —Ser — Tyr—Thr—Asp—
—His—1vs —‘ﬂn_‘-[]]y—?m =Asn—Lei— His— Gly—Leu— Phe—Gly —Arg —Lys—Thr—Gl— Gln —Ala—Pro = Gly=Twr —Ser — Tir=Thr—=&la—

0 70
—Ala—Asn—Lys—Asn—Lys Glv— 7 — ?—Trp— ¥ —Glu—Asn—Thr—Lei—Phe—Ghi— Tyt —Leu —Ghr-Asn—Fro—Lys — Lys—Tywr — e —
—Ala—Asn—Lys—Asn—Lys —Gly — 1le — He—Trp —Gly— Glu—Asp—Thr—Leu-Met—GIn— Tyr —Leu —Glu—Asn—Pro —Lys — Lys—Tyr —\l’m—

Bl G0 Log
—Fro—Gly—ThrLyp—Mei— 7 —Phe— ¢ —GlyLeu—Lys —Lys— # — 7 —Asp—Arg—Ala—Asp —Leu—He—Ala—Tywr—Leu—Lys— ? —
—Pro—Gly—ThrLys—Mer—Tle —Phe—Val — Gly— _. s — Lys —Lys —Lyn—(}ln—';ﬂ;_—,\rg— Ala—Asp —Leu—He—Ala—Tyr —Leu—Lys—Lys—

FIGURE520 This phylogenetic tree depicts the evolutionary relationships among organisms as determined
by the similarity of their cytochrome £ amino acid sequences. The numbers alona the branches give the
amino acd changes between a species and a hypothetical progenitor. Note that extant species-are located
only at the tips of branches. Below, the sequence of human cytochrome ¢ is compared with an inferred an-
cestral sequence represented by the base of the tree. Uncertainties are denoted by question marks. {Adapted
from Credghiton, T.E,, 1983, Proteins: Strugune and Mokecuiar Praperties. Sar Frandsco: W H. Freeman )

—Ala—Thr—Ala
—Ala—Thr—Asn—Glu
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FIGURE 4.17 The coplanar relationship of the atoms in
the amide group is highlighted as an imaginary shaded
plane kying between two successive a-carbon atomsin
the peptide backbone. {llustration: frving Gets. Rights owned
b Howard Hughes Medical institute. Not to be reproduced
without permission.)

FIGURE 3.23 Peptide bonds are planar. in a par of linked
amino aods; sz atoms (L, T O, N, H, and €.} lie in a plane.
Side chains are shown as green balls.



(0.123 nm

CENGAGENOW™ ANIMATED FIGURE4.15 The peptide bond is shown in its usual trans conformation of car-
bonyl O and amide H.The C, atoms are the a-Carbons of two adjacent amino acids joined in peptide linkage.
The dimensions and angles are the average values observed by Crystallographic analysis of amino acids and
small peptides. The peptide bond is the light-colored bond between C and M. (Adapted from Ramachandran, G. N,
et al, 1974. The mean geometry of the peptide unit from crystal structure data. Biochimica et Biophysica Acta 359:798-302) See
this figure animated at www.cengage.com/login



Side group

Amide plane
&b = 180°, fr=180°

FIGURE 6.2 The amide or peptide bond planes are
joined by the tetrahedral bonds of the e-carbon. The
rotation parameters are ¢ and (. The conformation
shown corresponds to ¢ = 180° and ¢ = 180°. Note
that positive values of & and o correspond to dockwise
rotation as viewed from .. Starting from 07, a rotation
of 1807 in the clockwise direction (4180 is equivalent
to a rotation of 1807 in the counterclockwise direction
(—180°7). (Mustration: Irving Geis. Rights ownad by Howard
Hughes Medical Institute, Not to be reproduced without
permission.)



FIGURE 3.25 Trans and cis paptide
bonds. The trans form = strongly favored
bemuse of stenc dashes that ooour in the
Trans - ds

os farm.



)

x:lx_ﬁ/l’jy \F\ q‘i 5%% E

FIGURE 3.27 Rotation about bonds in a polypeptide. The structwe of sach amino
acd in & pofypeptde can be adusted by rotation about two single bonds. (A} Pl (4] = the
angle of rotaton about the bond between the nirogen and the s-arbon atoms, whereas
psi () = the angle of rotabon aboat the bond between the a-carbon and the casbonyl
carbon atoms. (B) A view down the bond between the nitrogen and the s-carbon atoms,
showing how & = measured. {£3 A view down the bond between the c-arbon and the
carbonyl crbon atoms, showing how & 5 measured.

permission.)

Nonbonded
contact
radius

Nonbonded

contact
radius
- g & =—60°, s = 180°
e ' A further & rotation of 1207
removes the bulky carbonyl
b =07 0=180" &= 180", v =0" group as [ar as possible b=0"p=0"

from the side chain

CENGAGENOW- ACTIVEFIGURE 6.3 Many of the possible conformations about an e-carbon between two
peptide planes are forbidden because of steric crowding. Several noteworthy examples are shown here.

Note: The formal IUPACHUB Commission on Biochemical Nomenclature convention for the definition of the
torsion angles ¢ and yr in a polypeptide chain (Biochemistry 9:3471-3479,1970) s different from that used here, where
the C, atom serves as the point of reference for both rotations, but the result is the same. (ilustration; inving Geis. Rights
owned by Howard Hughes Medical Institute Mot to be reproduced without parmission.) Test yourself on the concepts in
this figure at www.cengage.com/login.



FIGURE 3.28 A Ramachandran
diagram showing the values of & and
dr, Mot all & and § valees are possible
wathout eollisions bebwesn atomes, The
most favorable segions are shown in dadk
green; borderline regons are shown in
leght green. The strucure on the nght &=
desfavored bemuse of stenc dashes,

+ 18

1 ™

J

=

W Left-handed
—6i0 |- helix {wary rare)
-120 |- Right-handed
1x {common}
1 1 1

T

-180
—180 -120 -BO

o B} 120 +180

FIGURE 331 Ramachandran diagram
for hellces. Both right- and lek-handed
hebces lie o regions of allowed
conformations in the Ramachandran
diagram. Hewwever, essentially il o haelices
n proteins are nght-handed.

|
120 +180

{4=90°, y=-
4‘“_'! a0y



FIGURE 3.29 Structure of the o helix. (A) A nbbon depiction wath the «-carbon atoms
and sde chains (green) shown, (B) A side view of a ball-and-stack version depicis the
hydrogen bonds (dashed hines) between NH and CO groups, (C) An end wiew shows the
cofed backbone as the meide of the heln and the side chains (green) projecting outward.
) A space-filling wew of part C shows the tightly padked interior core of the hefiv
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(a)
Hydrogen bonds stabilize
the helix stmucmre.

The helix can be viewed
as a stacked array of
peptide planes hinged
at the ocarbons and
approximately parallel
1o the helix.

FIGURE 6.6 Four different graphic represantations of the e-helix. {a) A stick representation with H bonds as dotted
lines,as criginally conceptualized in Fauling's 1960 The Nature of the Chemica! Bond, (b) Showing the arangement
of peptide planes in the helix, (llustration:inving Gels. Rights owned by Howard Hughes Medical Institute. Not to be repro-
duced without permission.} (e} A space-filling computer graphic presentation. {d) A ‘ribbon structure”with an inlaid
stick fiqure, showing how the ribban indicates the path of the polypeptide backbone.

+180 | ~
1 Beta strands
m'_ ﬂ
>
R S =
—60 [
=130 |-
_rapEee—t——ul i |
-180 -120 -&0 o 60 120 +180

L]

FIGURE 335 Ramachandran diagram
for g strands. The red area shows the
stencally allowed conformations of
estended, G-strand-like structures,



Tia. 2. The fully allowed (—————) and outer limit {— — —) regions of (4, ¢’) for angl
N—xC—C’ = 110° along with the configurations of various known di-, tri- and polypeptide an
protein structures.



o Di- end u:-pepuda{;ﬁf;:‘
Left handed eathelix {3:6)

N‘-u-—-
=) (G oo
0 Silk (2:0)
¥ B-C- puckered chain (20)

& Poly-Cly-Fro-Hypre {340)

A Collagen {33)

W Another possible triple helix (30}
< Ribbon structure (2.2}

(7] p-helix (5)

(%) me-helix {4-4)

v 180° 360°
—_—
Fig. 3. Contours of constant n ( ) and constant k (- — — - — - } corresponding to the

angle N—aC—C" = 110°. The boundaries of the fully allowed and outer limit regions are alsc
shown,

| 50 [—

Secondary Structurs

FIGURE 336 Structure of a |8 strand.
The side chams (green) are aliernately
above and below the plans of the strand

FIGURE 337 An antiparallel g shest
Adjacent p strands run in oppasite
directions. Hydrogen bonds betwesn NH
and €0 groups connect each amino acd
to a single amino aod on an ad@ocent
strand, stabilizing the structure.
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CHAPTER 3 - Protein Structure and Function

FIGURE 338 Structure of a mixed
B shest.

@{*x&i

{E) <)

S\

FIGURE 340 A twisted g sheet. (A) A ball-and-stck model (8) A schemabc
madel. (C) The schematic view rotated by 90 degrees i illustrate the taist
maoie dearly

FIGURE 3.38 A parallel g sheet
Adjacent B strands nm m the same
direction. Hydrogan bonds connect each
aming aod on one strand wath two
different armino acads on the adacent
strand.

#@ FIGURE 3.1 A protein rich
in p sheets. The struciure of a fatty
acid-binding protemn,



b}

Nawrd righe-tanded owiss by polypepide chain

O ovemn

FREURES 3T {a) The ratuml right-fsncded twist axhibsterd by palypesstide chaing, and §b the tyoes of connec-
tions betaeen f-stands

HGURE6.12 The structures of two kinds of B-turns (akso cailed tight turns or B-bends), Four residues are re-
quired to form a B-turn. Left: Type |, right: Typea Il (lustration: Ining Gels. Rights owned by Howard Hughes Medical instl-
tiste. Mot to be reproduced without parmission)

FICURE 342 Siruciure of a reverse
tum. The OO group of residues i of the
polypepbide cham 5 hydrogen bonded o
the MH group of residue 7+ 3 to stabshze
the fum.




® Type Il (probuecontuning)

s 1 4 i 4
3 : e Va! ze ’,
=y - » <
b ~
. o-Carhon . Nil:ruﬂcu B FIGURE 4.7 Stuctures of reverse twrms. Arrows indicate the directions of the p-:rij.'p-cp-
@ Carbon . Ohuygen e chams. (a) A type | reverse turn. In residoe 3. the sde chain (gold} hes outade the loop, and
* Hydrogen . o e ey any aming acid can ocoupy this poston. (h) A B Il reverse turn. The sde chun of residue 3

hos been rotated [B0? from the position in the bepe [ tum and is now on the mside of the loop.
Oy the hydrmgen side chon of ghome can fit mio the space available, s glvone must be the
third residue i a type 1 reverse turmn. (o} The bve-membered nng of prohnse has the comect
geometry for o reverse turn; this residue normally ocours as the second residue of 2 reverse turn
The tum shown here s type 1. wth “Ewi.nu as the third resdue_



CENGAGENOW-™ ACTIVE FIGURE 6.4 A Ramachandran
diagram showing the sterically reasonable values of the
argles ¢ and ¢. The shaded regions indicate particularly
favorable values of these angles. Dots in purple indicate
actual angles measured for 1000 residues (excluding
glycine, for which a wider range of angles is permitted)
in eight proteins. The lines running across the diagram
(numbered +5 through 2 and —5 through —3) signify
the number of amine acid residues per turn of the helix;
“+"means right-handed helices; “—"means lefi-handed
helices. (After Richardson, J. S, 1981. The anatomy and taxono-
iy of protein structure. Advances in Protein Chemistry
34:167-332) Test yourself on the concepts in this
figure at www.cengage.com/login.

Right-handed
a-helix

Left-handed
a-helix

Collagen
wriple helix

Closed ring



® FIGURE 4.8 Schematic dingrams of
supersecondary structures. Arrows indicae the
directsons of the palypeptide chuns (a) A Bofl umt,
(h) an oo ot {c) a frmeander, and {d} the Greek
key. (el The Creek key motf in protein struciure
resemibles the peometne patterns on this ancient
Creck vase, gang nise to the name.
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El The Abronectin

H The complement-contral E The immunoglobolin
proten maodule. maodule.

H The: ﬁnm'th-hl:lm'

tvpe [ module. mancule.

H The knngle module.

8 FIGURE 4.9 Motils and modules. Motifs are n.'psltr\d ﬂJPE’!E\CIJIIdilT_E Hniciunes, somee-
tmes called modules. ATl of these have 2 particular secondary sructure thot s repeated m the
protem. ﬂ‘-ﬁ"ﬂ:’iﬂ]ﬂ{ﬁﬁﬂ “Profan Modules,” Trends in Biochemical Scrences, Vol 16, . Ve f.'n;h-
rght &[99, wnth permeomon from Elewmer |



i : - d
Biochemistry = Now
8 ACTIVE FIGURE 4.11 Awmplehelix
Poly {Ch—Pro—Frol s a collagen-like nght-handed
riphe helix composed of three leb-handed hebical
chune (Adapied from M. H. Midler and H, A Scheraga,
1576, Caloulation of the structures of collapen models, Fle

af rnferohain mberactions it delermenmyr the frigle

helival wiled-oml oo toms. L Fol

referrmeadi righolp "'?"ﬁ'#_q

J-:n.lrlul! ufl"‘o]'}m:r Science Swrl.'pl:mum
B OTE Eidon Wil £0% Rt T Fbuten e b Samrmiiaabinm |

Metal 1om Hydrophobec
coordinaticen interachions

‘ Electrostatic attraction
@

_—

-

|

A

———

| |
|

=

Hehical Sheet Thaulfide
b

stracturne simcture

m FIGURE 4.13 Forces that stabilize the tertiary structure of protems. Note that the
hebical sructure and sheet siructure are two kinds of backbone hydrogen bonding, Alkhoaugh

backbone hydrogen bonding is part of secondary structure, the conformation of the backbone
Consirns Jje possible armangement of the side chains



LI WM Size of Protein Molecules®

Protein M, Number of Residues per Chain Subunit Organization
Insulin (hovine) 5,733 21 {(A) afd
30 (B)
Cytochrome ¢ (equine} 12,500 104 13
Ribonuclease A (bovine pancreas) 12,640 124 oy
Lysoryme (egg white) 13,930 129 )
Myoglobin (horse) 16,980 153 oy
Chymotrypsin (bovine pancreas) 22,600 13 (@) afiy
132 (B)
a7 (y)
Hemoglobin (human) 64,500 141 {a) afs
146 ()
Serum albumin (human) 68,500 550 ry
Hexokinase (yeast) 96,000 200 ey
yGlobulin (horse) 149,900 214 (a) .,
446 (8)
Glutamate dehydrogenase (liver} 332,604 500 ot
Myosin (rabbit) 470.000 2,000 (heavy, k) By o By
190 (a)
149 (")
160 (8)
Ribulose bisphosphate carboxylase (spinach) 560,000 475 (o) By
123 (8)
Glutamine synthetase (. coli} 600,000 468 oy

Insulin

Cytochrome ¢

Hemaoglobin

Ribonuclease
Lysozyme Myoglobin

Immunoglobulin

Glutamine synthese

*Hustrations of selected proteins listed in Table 4.2 are drawn to constant scale.
Adapted from Goodsell, D. 5., and Cison, A. ), 1992 Soluble proteins: Size, shape and function. Trends in Biochemical Sciences 18:65-68.



Quaternary/tertiary

Secondary structure Motif Domain
structure




Cefl adhesion (577, 1.9%)
Miscellanecus (1518, 4.3%)

Chaperone (159, (.5%)

Cyskeletal souctomal procein (876, 2.8%)
Extracellular marmrix (457, 1L.4%)
Immumaglobulin (264, 0.9%)
lon channel (406, 1.3%)

Motar (576, 1.2%)
Soructural proein of musele (296, 1.0%)

Viral protein (100, 0.5%)
Transfer/ carrier prowein (208, 0.7%)

Transcription factor (1850, 6.0%)

Prowoncogene (902, 2.6%)
Select calciunrbinding prowein (34, 0.1%
Iniracellular tramsporier (350, 1.1%)

Transporier (553, 1.7%)

Nucleic acid enzyme (2308, 7.5%)

Signaling malecule (376, 1.2%)

Recepror (1543, B.0%)

Kinase (868, 2 3%

yop peney p g

Select regulatory
molecule (988, 3.2%)

Transferase (610, 2.0%)

Svathase and smthetase
(313, 1.0%)
Oxidoreductase (656, 2.1%)
Lyase (117, 0.4%)

Ligase: {56, 0L.2%)

Isomerase (163, 0.5%)
Hydrolase (1227, 4.0%) Molecular fumcdon unknown (12800, 41.7%)

HGURES.26 Froteins of the hurman genome grouped accarding to their molecular function. The numbers and
percentages within each functional category are endlosed in parentheses. Note that the function of more than
4086 of the proteins encoded by the human gencme remains unknown. Considering those of known function,
enzymes {including kinases and nucleic acid enzymes) account for about 20% of the toal number of proteins;
nuicleic acid-binding proteins of various kinds, about 14%, among which almost half are gene-regulatory proteins
{transaription factorsh. Transpart proteins coliectively constitute about 5% of the totakand structural proteins,
another 5%. (Adapted from Figure 15 iInVenter, L et al, 2001, The sequence of the human genome. Scence 207:1304-1351)



(a) Same domain type, different functions:

Triose phosphate isomerase Aldose reductase Phosphotriesterase

(b) Same function, different structures:

FIGURE 6.28 (a) Some proteins share similar structural
features but carry out quite different functions (triose
phosphate isomerase, pdb id = 8TIM; aldose reductase
D-amino acid aminotransferase pdb id = 1ADS; phosphotriesterase, pdb id = 1DEM).
(b) Proteins with quite different structures can carry
out similar functions (yeast aspartate aminotransferase
pdb id = 1YAA); p-amino adld aminotransferase, pdb ic
Aspartate aminotransferase = 3DAA).




Protein moonlighting (or genesharing) is a phenomenon by which a protein can perform
more than one function.

~ s . « [9]
Examples of moonlighting proteins
Kingdom Protein Organism Function
primary moonlighting
Animal
Aconitase H. sapiens TCA cycle enzyme [ron homeostasis
ATE2 H. sapiens Transcription factor DNA damage respons
Crystallins Various Lens structural protein Various enzyme
Cytochrome ¢ Various Energy metabolism Apoptosis
DLD H. sapiens Energy metabolism Protease
ERK2 H. sapiens MAP kinase Transcriptional repressor
ESCRT-II complex D. melanogaster | Endosomal protein sorting Biocoid mENA localization
STAT3 M. musculus Transeription factor Electron transport chain
Plant =
Hexokinase A. thaliana Glucose metabolism Glucose signaling
Presenilin P. patens y-secrelase Cystoskeletal function
Aconitase S. cerevisiae TCA cycle enzyme mtDNA stability
Aldolase S. cerevisiae Glycolytic enzyme V-ATPase assembly
Args.6 S. cerevisiae Arginine biosynthesis Transcriptional control
Enolase S. cerevisiae Glycolytic enzyme Homotypic vacuole fusion
Mitochondrial (RNA import
Galactokinase K. lactis Galactose catabolism enyzme Induction galactose genes
Hal3 8. cerevisiae Halotolerance determinant Coenzyme A biosynthesis
HSP&0 8. cerevisiae Mitochondrial chaperone Stabilization active DNA ori's
Phosphofructokinase P. pastoris Glycolytic enzyme Autophagy peroxisomes
Pyruvate carboxylase H. polymorpha Anaplerotic enzyme Assembly of alcohol oxidase
Vhs3 S. cerevisiae Halotolerance determinant Coenzyme A biosynthesis
Prokaryotes -
’ Aconitase M. tuberculosis TCA cycle enzyme Iron-responsive protein
CYP170A1 S. coelicolor Albaflavenone synthase Terpene synthase
Enolase S. pneumoniae Glycolytic enzyme Plasminogen binding
GroEL E. aerogenes Chaperone Insect toxin
Glutamate racemase (Murl) E. coli cell wall biosynthesis gyrase inhibition
Thioredoxin E. coli Anti-oxidant T7 DNA polymerase subunit
Protist
Aldolase P. vivax Glycolytic enzyme Host-cell invasion




Factors VII,  Factor XIT PA Clr.Cls G2, Fibronectin Twitchin
IX, X and factor B
protein C

Plasma
membrane

FIGURE 6.26 A sampling of prateins that consist of mo-
saics of individual protein modules. The modules shown
include ¥CG, a module containing y-carboxyglutamate
residues; G, an epidermal growth factor-like module;

K, the *kringle”domain, named for a Danish pastry;

C, which is found in complement proteins; F1, F2, and
F3,first found in fibronectin;|, the immunoglobulin
superfamily domain; N, found in some growth factor
receptors; E, 2 module homologous to the calcium-
binding E-F hand domain; and LB, a lectin module
found in some cell surface proteins. (Adapted from Baron,
M., Morman, 0, and Campbell, |, 1997, Protain moduies. Trends in
EBiochemical Schences 16:13-77)

ELAM-I N-CAM NGFrecepor  I1-2 receptor PDGF receptor
Prepro-opomelanocortin
A
f ™\
Procopromelanocortim
s "
26 48 12 40 21 40 18 11
[ I I | 1 1
peptide Anterior
pitaitery
Signal 4
pephdase ]| = S s |
Cormcomspm flipatropm |
Nm’\JI.Li
st
R
= ===
o MSH BMSH Enderphm
RGURE 323 The conversion of prepac-oplomelanooontin toa famSy of peptide hormones, nchucdng 1T 1
corticotropin, 8- and - lipotropin, e- and B-M5H, and endorphin. wlipotropm



All & proteins:
=
9

-3

Human growth hormone Leucine-rich repeat Peridininchlorophyll protein Endoglucanase A (an a-helical Cat allergen
(pdbid = THGU) variant (pdb id = |LRV} (a “solencid"—pdhb id = 1PFR) barrel—pdb id = 1CEM) (pdbid = 1PUO)
All B proteins:
el
F

|1 - ]
&
i ’-:
cf“gu_

Pleckstrin domain of
protein kinase B/AKT

7

Hemopexin C-terminal Lectin from A solanacearim

Mannose-specific Rieske iron protein
agglutinin (a prism—  (a 3ayer S-sandwich— domain (a 4-bladed (a 6-bladed propellor—
(pdbid = 1JPC) (pdbid = 1RIE) propellor—pdb id = THXN) pdbid = |IBT9) (pdbid = IUNG)
a/B proteins: a+f proweins:

RuvA protein

—pdb id = ZHVM)
{pdbid = 1CUK)

Equine leucocye
elastase inhibitor

(pdb id = |HLE)

= iy Hevamine {a “TIM barrel”

oy f

s

A
Human bactericidal Hepatocyte growth factor  Prokaryoudc ribosomal
permeabilin-increasing (N-terminal domain protein L9
protein (pdb id = IBPL) —pidb id = ZHGF) (pdb id = IDIV)
| Ribonuclease H L-Arginine: glycine
, [pdh id = IRNH) amidinotransferase (a metabolic
engyme—pdb id = 4JDW)

MurA (an a—§ prism Porcine ribonuclease inhibiwor
{a “horseshoe"—pdb id = 2BNH) i
Thymidylate synthase

—pdbid = 1EYN)
{pdbid = 3TMS)

FIGURE 6.39 Four major classes of protein structure (as defined in the SC0P database). (a) All & proteins,

where ar-helices dominate the structurs; {b) All B proteins, in which g-sheets are the primary feature; {c) &/
proteins, where a-helices and B-sheets are mixed within a domain; (d) «+8 proteins, in which a-helical and

B-sheet domains are separated to at least some extent.



FIGURE 6.27 SCOP and CATH are hierarchical classifica-
tion systems for the known proteins, Proteins are classi-
fied in SCOP by a manual process, whereas CATH com-
bines manual and automated procedures. Numbers
indicate the population of each category.

The CATH Hierarchy .

The SCOP Hierarchy '




FIGURE 6.40 |ntrinsically unstructured proteins (ILPs)
contact their target proteins over a large surface area,
{a) p27"#" (yellow) complexed with cyclin-dependent
kinase 2 (Cdk2, blue) and cydin A (Cych, grean). {b) The
transactivator domain CBD of Tcf3 (yellow) bound to
f-catenin (blue). Note: Part of the B-catenin has been
removed for a clear view of the CBD. {c} Bobi 1 transcrip-
tional coactivator (yeliow] in contact with its four part-
ners: TAF 105 {green oval), the Oct 1 domains POLU 5D
and POU HD (green), and the lgx premoter (bluel. (From
Tompa, P, 2002, Intrinsically unstructured proteins, Trends in fio-
chemical Sciences 27:527-533) (d-g) Some intrinsically un-
structured proteins (in red and yellow) bind to their
targets by wrapping around them. Shown here are

fd) SMAP-25 bound to BoNT/A, (e} SARA SBD bound to
Srmad 2 MHZ, {f) HIF-1& interaction domain bound to
the TAZ1 domainof CBP, and (g) HIF-1a interaction
domain bound to asparagine hydraxylase FIH. (From
Trends in Blachermical Scienices, Vol. 27, No. 10, page 530. October
2002}

TAF,, 105




I P
TABLE 3.3 Relative frequencies of amino add residues in secondary structures
Amino acid o helix B sheet Turn
Ala 1.29 0.90 0.78
Cys 1.11 0.74 0,80
Len 1.30 1.02 0.59
Met 147 097 0.39
Glu 1.44 075 1.060
Gln 1.27 {18 0.97
His 1.22 1.08 0.69
L= 1.23 077 0.96
Val 091 1.4 0.47
Ile 097 1.45 0.51
Fhe L.07 1.32 0.58
Twr 072 1.25 1.05
Trp 0.9% 1.14 0.75
Thr 0.82 1.21 1.03
Gly 056 0.92 1.64
Ber (.82 0.93 1.33
Asp 1.04 0.72 1.41
Asn (.90 (.76 1.28
Pro (.52 162 1.9
Arg (.94 (.00 .85

Nete: The amimo acids are prouped accordimg to their preference for & belices (top
group), B sheets {second group), or tums (third group). Arginine shows po significant
preference for any of the structures.

After T. E, Crewghton, Protems: Structures and Moleculer Properties, 2d ed.

{W. H. Freeman and Company, 1992), p. 256

http://upload.wikimedia.org/wikipedia/en/0/00/Protan_Dynamics_Cytochrome_C_2NI
W_small.qgif
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FIGURE 6.33 Computer simulations of folding and unfolding of proteins can reveal possible folding pathways.
Malecular dynamics simulations of the unfolding of small proteins such as chymotrypsin inhibitor 2 (C12) and
bamase are presented here an a reversed time scale, to show how folding may occur. D = denatured, | =
intermediate, TS = transition state, N = native. (Adapted from Dagugett, V., and Fersht, AR, 2003.1s thera a unifying
mechanism for protein folding? Trends in Siochemical Sciences 28:18-25_ Figures providad by Alan Fersht and Valerie Daggett)



RAGERE .34 A moded for the steps imvabed in the fald-
ing af globula peoteirs The fumnel 1epresents a fres
energy saface of sngy lsndacape for the folding
peotrens. The: prosein {olding process is lghly coopea-
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FIGURE 1230 Fluid mosalc model |afer 5.1 Singes and G. L Micolson. Solence 175( 19722723
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FIGURE 11.27 Locating the membrane-spanning helix of glycophorin. (A) Ammo
acd sequence and transmembrane dispoaton of gyoophonn A from the red-cell membrane
Fifteen O-hnked carbohydrate units are shown as diamond shapes, and an N-mked unit =
shown as @ lozenge shape The hydrophobic residees (vellow) buned m the bilayer foom a
transmembiane a helix. The carboxyi-termnal pant of the molecule, bomted on the optosolic
side of the membrane, i nch in negamvely charged (red) and postively charged (blue)
resadues. (B) Hydropathy plot for ghophorn. The free energy Tor trandenng a halix of 20
ressdues from the membrane to water i plotizd 2s a funcbon of the postion of the first
resadue of the hehx in the s=quence of the protemn. Peaks of greater than + 20 keal mol " in
hydropathy plots are indicative of potenbal transmembrane helices. (&) Courtesy of Q. Vincent
Marchesiz (B) after D- M. Engelman, T A, Steitz, and A Goldman, kfentifying nonpalar transhilayer hafices
W amino a0d sequences of membrane proEins. Anne. fov. Bophys Bopips Chame 15(1986) 343
Copyright © 1986 oy Anmua! Feviews, inc. All rights resaned |

| 335 —

Lipid and Protein Diffusion

FIGURE 12.28 Hydropathy plot for
porin. Mo stmong peaks are observed for
thi= minnsic membrane protein because it

s constructed from membrans-spanning
& strands rather than o helices.



FIGURE21.16 Molecular architecture of the Synechococ-
cus efongatus PSII dimer. (a) The arrow shows the path of
electron transfer from P580* to Chip; to Pheop 10 Qg

on D2 and then, via the Fe atom, to Qaon D1.The Tyr'™®
residue of D1, symbolized by Y., is situated between

P680 and the {Mn), cluster (b) Structure of 5. elongatus
PSll (pdbid = 155L). Chiorophylls of the reaction center
and electron transfer path are shown in green; pheo-
phytins, in blue The OFECs are shown in brick red.
{Adapted from Barber, J,, 2003. Photosystem I1: The engine of life.
Quarterly Review of Biophysics 36:71-89)
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FIGURE 17.3 The matabollc map as a set of dots and lInes. The heavy dots and Bnas trace the cantral energy
releasing pathways known as glvoolysis and the dtric ackd cyde. (Adapted fom Alberts, B, et al, 1565, Mokerubor Bioi
ogyaf the C=ll, 2nd ed. New York Garland Publishing Co)



514

o T S e S, B

P et

CENGAGENOW ANIMATED AGURETT2 A metabolc map, Indicating the reactions of Intermediary metabs-
1tsm and the enzymes that catalyzs them. More than 500 different chemical Intesmiediates, or metabolites, and
a qeeater nurnber of enrymeas are 1epresented hase (Sowrce From Donalid Nicholsor Map #23 © Intsratianal Union of
Hizchemistrg and Moleculs Biology) See this figure animated at www.cengage.com/login.






