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immense. Exact analyses of the proteins, though always laborious,
need no longer be the thankless tasks they have been. Every possible
reliable observation now is urgently needed and must sooner or later be

fitted into the puzzle. Above all, complete analyses of single proteins are
necessary. . . .

Pauling -

It has not yet been possible to make a complete
determination with X-rays of the positions of the
atoms in any protein crystal; and the great com-
plexity of proteins makes it unlikely that a com-
plete structure determination for a protein will
ever be made by X-ray methods alone.” Never-
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2. PREVIOUS SPECULATIONS ABOUT THE CONFIGURATION OF THE

p.322-3
POLYPEPTIDE CHAIN

Astbury and his co-workers in their pioneer investigations have made an ex-
haustive study of the fibrous proteins such as the keratin of hair and wool. Their
most important result, in the present connexion, is their inference that the marked

5-1 A repeat along the fibre axis which is shown prominently by X-ray photographs
of a-keratin and its analogues corresponds to an element of folded chain con-
taining three amino-acid residues. Briefly, Astbury (private communication, 1949)
summarizes the evidence as follows:

P

Astbury® x-keratin g

B-keratin T

(h)

Ficure 2. Chain configurations proposed by Astbury (1949a) for (a) a-keratin,
(b) p-keratin.
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p.328
4, CLASSIFICATION OF CHAIN STRUCTURES

In this and the following sections we attempt to survey systematically all those
types of folded polypeptide chain configurations which satisfy certain conditions,
established by experiment or plausible on general grounds.

It cannot be assumed as certain that the polypeptide chain has the same configura-
tion in all crystalline proteins, or that a similar configuration occurs in fibrous
proteins such as a-keratin. It is, however, not unreasonable to expect that haemo-
globin and myoglobin contain chains of the same type, because these proteins appear
to be closely related in several ways; and furthermore, the repeat distance, the inter-
chain distance, and the number of residues per repeat, are similar in these two
proteins to the corresponding features of a-keratin. It will therefore be assumed as
a working hypothesis that the chain configurations in large classes of proteins
resemble one another closely, while bearing in mind that this hypothesis is based on
slender evidence and may have to be abandoned when further experimental data are

available.
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In our survey of chain configurations

we have adopted the following conditions:

(@) Interatomic distances and bond angles
(b) Optical configuration of amino-acids  laevo only

(c) Symmetry of the chain have screw axis

(d) The role of hydrogen bonding SR

+ =g S : screw symmetry
ﬁ“\lil EEI?F% D 9{/@& e R : # of atoms in the H-bond ring
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TABLE 1
no. of no. of  illustra-
serew axis | atoms repeat residues  tions
of in distances  per (figure
symmetry ring (A) repeat no.) comments
twofold Ta 5-5:6 2 5 structure proposed by Huggins (1943)
7b 5-56 2 6 structure proposed by Zahn (1947) and
Ambrose et al. (1949); readily folds
in pairs; see §7, 8
8 4-6-4-8 2 7 structure proposed by Huggins (1943);
only one configuration possible;
repeat distance too short
13 10-2 6 8 structure proposed by Astbury & Bell
(1941); see §7, 8
14 10-2 6 9 see §7, 8
threefold 7 7-5 3 — repeat distance too short
8 54 3 10 hydrogen bonds mutually perpen-
dicular; see §7
10 52 3 11 structure proposed by Taylor (1941)
and Huggins (1943); hydrogen bonds
oriented nearly parallel to the chain
direction; see §8
11 ]
13 — — —  rno possible structures
14 |
fourfold 7 ]
8 — —_ — rno possible structures
10 J
11 54 4 — rings somewhat strained ; similar to 4,;;
13 56 4 12 a possible structure
14 or — — — no possible structures
greater
fivefold and — — — — all such structures contain more than
higher four amino-acid residues per repeat
symmetries unit
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During the past fifteen years we have been attacking the problem of the
structure of proteins in several ways. One of these ways is the complete
and accurate determination of the crystal structure of amino acids, pep-
tides, and other simple substances related to proteins, in order that infor-
mation about interatomic distances, bond angles, and other configurational
parameters might be obtained that would permit the reliable prediction of
reasonable configurations for the polypeptide chain. We have now used
this information to construct two reasonable hydrogen-bonded helical con-
figurations for the polypeptide chain; we think that it is likely that these
configurations constitute an important part of the structure of both fibrous
and globular proteins, as well as of synthetic polypeptides. A letter an-
nouncing their discovery was published last year.!

22
CD#HX%E "LIR—FEE) THRATES>TERRTIHNEUINRRD >
EADBESDHND), T158F) BAP>TVWEBEISEETEHINTWVWXYT X
MBFESTU LD,
CDREDEEF, TO2VWDETBBHKL>TMLWVWEWSHDTY ...

BREEBBEEINTERIEBEEREND, 2DDRIFS5LEEETILEERL
D TShEigs; B, ERRE X HHEREABEDOEELGBRERIGEVL
W, ELTWEYT ERIC—AHIZERED TaNUwv I Xy TUL,

ST, CONYYIRDETILE, >0 HKZziT> T, EZBRIC,
R—Y 2V TDME-Te MDODODEERLRSEM) &lFATL & 57,



p206 2DDERR THRMH

We assume that, because of the resonance of the double bond between
the carbon-oxygen and carbon-nitrogen positions, the configuration of each

H\ /C

residue C 1s _planar.
¢ No

Laboratories. It is further assumed that each nitrogen atom forms a hy-
drogen bond with an oxygen atom of another residue, with the nitrogen-
oxygen distance equal to 2.72 A, and that the vector from the nitrogen atoin
to the hydrogen-bonded oxygen atom lies not more than 30° from the N—H
direction. The energy of an N—H - - - O=C hydrogen bond is of the order
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FIGURE 4

Plan of the 3.7-residue
helix.

laevo only???
left turn...

FIGURE 2
The helix with 3.7 residues per turn.
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tures involving intramolecular hydrogen bonds, and Bragg, Kendrew, and
Perutz extended the discussion to include additional structures, and in-
vestigated the compatibility of the structures with x-ray diffraction data
for hemoglobin and myoglobin. None of these authors proposed either
our 3.7-residue helix or our 5.1-residue helix. On the other hand, we would
eliminate, by our basic postulates, all of the structures proposed by them.
The reason for the difference in results obtained by other investigators and
by us through essentially similar arguments is that both Bragg and his
collaborators and Huggins discussed in detail only helical structures with
an integral number of residues per turn, and moreover assumed only a
rough approximation to the requirements about interatomic distances,
bond angles, and planarity of the conjugated amide group, as given by our
investigations of simpler substances. We contend that these stereochemi-
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stretched chain. Many different chain configurations
have been proposed to account for the X-ray diffrac-
tion data!, the latest being those of Pauling, Corey
and Branson?. Until now, however, the lack of any
simple and decisive criterion in the X-ray diffraction
pattern has made it difficult to test the validity of
proposed models, This communication describes a
new reflexion, not hitherto observed, which is given
by the proteins mentioned above. The spacing at
which this reflexion appears excludes all models except
the 3-7 residue helix of Pauling, Corey and Branson,
with which it is in perfect concord.

Shelgis, D2XRDF7AMY—Da/\Y—>%Z:RH9 518
EIFBRREEINTWVWD, RFFOHDHNR—UVT 5D
HDEE., TH, INFTTXREIFFT/INY —>TE» A EEE
BBULEEARRBRBRWZ, FNZIDHNTYEZE, &WS
RT9 ...

AZzESPofahENS &




PerutzD 1R EEE EE

* N M
(L RSTEN
) b 5

<1 TR B |

p v
- ol >
‘l
i —

Astbury Dixs2lik PerutzD £ R

32

RIZZD1S5AORAPED X REIFZHEELL S ERS &,
R ET TEEZIRSBVWEWTRWT & lcR)L—Y
FRIMTEEXRT.

EDEED, 7AM—mEiEEEZRTZ L TWCH
DT, SEINIL—YIF, gz XERICXT U TEIT TERS
LY.
FEXROIFDREBZFHALTWRWDT, E&o &8
LWODTSHIXE»AEIIFBATERWVWDTIH,
5420 ¢RITREBEZRES & ...




PerutzD 1R EEE EE

Incoming
X-ray beam

Film Film

Astbury DRz PerutzD £ &%

33
XIREFOKRFZEFET 20IC HEZERE) TWHRF) WS HRNBOD XY, WIRFOFEIERET
50T, SHIFFMITFEZTEID, ToEHLEXEHNRTNWT, COKDEWVWEED, ZDIRER
h3&, XROFHES., Z5USHDIEERB>TTEIVL. T, ZOEWVWESEIE, HEOREES
ZRBLUTWET, DFEDEBHTK 2DVWTWBERTY.
BROT, EOLSICHICEBICXREBHEITZE, COLEODADENWEZBE B EXb5R
WO T, BEIFHMEDEFEA. &3, ADLSIC, FIZIE31IEMEEXERNIEDZE, COLDE
WEZ 3D TRy &XDZDT, XREFHIE-T, ZOEIMXENEE 7 ILAICEHRINZZ
EITiED ET.
(CDHEDIFHBEFHRATHDT, SHOEZ3IF, MWMiEZMEITLS, BE-BESORICIFERTER
MO EBHERTE, TNZRIL—VIFPolcAle, EB->TTFEW, SHIFENTWWTT..)
T, ESWSEHNY —VIChofeheEWnws & ..



Perutz DTRFERAR

-

34

ZDTY. Tl HiF ToFrTRGL, HEH
HKINTWTALHIETHIZMRIRYIIITIVEY = Vg
(PBLG) Dl = X RN S55EMN S5 85E DA (A IF15E
545 TIREIS B TCEERIRF L, 1.5ADRIFTZHE
b, 1951FDNaturelc&xzisLE L. INIFZFDEE
TY. ZOFRKHDEZBH1.5ATT,




Tig. 2 is a Geiger counter spectrometer record of horse
hair kindly placed at my disposal by Mr, Andrew
Lang, which shows the relative intensities of the
5-1-A. and the 1-5-A. refiexions. When hair is
stretched to the B-form the 1-5-A. reflexion vanishes.
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"The DNA Story." 1973.

Created by VSM Productions. Produced by Ronald
Fouracre and Peter Shaw. Distributed by John Wiley &
Sons, London, New York.

Pauling Discovers the Alpha-Helix. (2:40)

http://osulibrary.oregonstate.edu/specialcollections/coll/
pauling/dna/video/1973v.3-alpha.html
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