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For meny rears 1% has bean assured thit in silk broin, stretohed
nalyr and aascle, and othar yrotetus with ths Bdieratin structure the
polypeptide cising ave extended to rearly thely maxirms lengih, sbout
3.6 & par residuss aod during the last Jecede 1t has been aosumad Adoo
that the ohaing fore lateral hydropen bonds with o ‘asent chainsy which
have t:s ovrosite ariemtation, A hrdrogen-bonfed larer of ihis novi ia
reprossted diagramationlly in Mgure 1,10 20 0 4

He bave now dissovered that {here %2 another, palhor 3'snilar
hrdrogen-bondsd layer confizuretion of polypaptide ehelis, whish differs
fyo: that of Plgume 1 in soveral ways. In the new conliguration, « ok
ve shall aall the leatedesheat configarstion, the rlans forwmed by the
tuo ohain bonds of the §x enrbon ato: is parpendieular to the plans of
the shast, as show: in Plpures 2 ond 3, rather than belng eoincidet
with 1t. In Uiz struetars the suceearive residuss in n‘a.‘w}r: P
pinllarly orlanted, z‘f:!muting their oarbony) m;w;; ,Lav;é A&“fi; ntng
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prouvs 1n the sase-Var, -1 all of the otalne are orlentad in tha pwe
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wayy lostesd of adiacert ohaine Le'ng o-pesed in dirsedion,

Lot us saswme that a polyveptide chaln with the eenfigurstion
i teatsd dlagrarnationlly in Figwwe 2 1o bont fn sueh & wn that the
plans of the suseossive Sestdak Fobn dfhodral angles viose edges sre
Wﬂﬂuw%p}mrﬁmwm@amot%m {the
lines comamoting scsessive o sarden atoms). Tt 15 fornd that if the
boret distances ard Dond angles arve given the waluas that »e have used
in our recent comsiderations of motelin esonfigoretions, tha dihedral
angle has the walne 106,5% end e wertieal eonponent of the axis of
sach residue io 3,07 4. I%t iz alzo frun? thet the carbonyl and Imine
grovre ame sxlented 1n much s wsy that the oan form satisfactory
hydrogen 2ends with cowresponding grours in ghains obtatined by lateral
translation, I the lateral fSramelstion is glven the walue 4.7 3,
the Hewllersd dlstanes 1o 2,75 &3 thie 18 a mornal hydregenebond distanes.
The Heell axis 1les within 6° of the NeosD gxis, Indicating that a stabls
hySrogen bond should be formad, The osoerdinates of atoms for the plested.
shoet configummiion are gliven in Table 1, and a dyawing of the confige
uration is shown an Figure 3.

It 49 to be noted thal esgh Inide grouy in the ohain {neglecting
the side chaine) may be desoribed as obtained fro: the preecdding one
by tha operation of & glide plane of ¢ywmetr:, Bacauae of thia, side
chairs of § aring acld rosiduss nres related differentl: te the structurs
vhan attechoed 10 ome o seybon ate than vhon sttashed te e a carbon
atox of an adjsesnt resifne. The pleatadegheet oonfimuraticn can se~
cordingly be described as invelving ouly ore ¥ind of glreins residue,
in cuse that 1% were % Do acmined by a polyrlpeine, dut tue kinds of
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residuss Tor all optienlly aetive aniroweeld polywers. Thess two kinds
d4ffor in thet, for thwe [ configwation, = residue of one kind peints
1ts | sarbon stom in the C0 direction; and a reeidus of e other
kind points its £ ewbom aton In the Nl direction,

He have found scew evidenos to support the belief thai the pleatede
stwat configuration is present in stretdhed rusele, siretched hair,
Pesiher kepating and some othor Mbvous protelns that bave hesn assirmed
the [wkeratin struotuze. These rvoteins give meyey dlagrars on vhieh
thers 13 s strosg meridional reflection correspending to spesing sbout
343 Aoy Which 18 u fow parcent lavger than the fibereaxts dlatance per
residue for the undistorted rleated sheet, bwt smoh soaller than the
value 3.6 £, for fully extended polypeptide chains. bis have noticed
that the plested sheat oan be subjected, vithmt rupturing the hydrogen
borde, 0o a oonsidereble distertion, 1t such & war as to {sevesse ‘he
fiboreaxis distanos. This distortion is effooted by roteting emoh
Intde grovp about its Ceul® mris through & swall an-le. The retation
mov=s one of the two [ pesitions of sach enrbon stom farthar fyon ths
wodian plane and the othner nearer, and s offsctive rotations for
the two MMM Huds of optionlly active vres!duss are such as
to permit anch to be an [ realdus wit: its side ghain farther frem the
nediar plans than in the undisterted strusture, Presuasdly the var der
Wanls repulsion of the side ahstn stoms and the main ehsin atoms woild
be eperating in prodeine of noresl chemiosl cemposition with the pleated.
sheet configuretion, ant this uould cause some distortion of the abalne
lengthening zort, (Tt s to he noted that twe Rinds of pleated sheete

ean be cometrusted of L arinoegold vesldues, of whieh for come the
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the dsforwaticn that relieves the strain of side~chain van der Wasls
repulsion inereases the fidar-exis length, and for the other it dee
creases 1t,) Tt might well ocoowr that the megnitude of the deforme-
tion would be sush as %0 give the fibar-axis restidue length cbaerved
for the f-keratin rreteins, sbeut 3,3 A, This deformation resulte
from & 20° rotation of the inide groups, vhich gives 3.32 A. as the
residue length, Ceordimatss for the structure with 20° rotation and
alse for & less Joformed atructure, with 7* rotation, are giwen in
Table 1.

The deformed strushures require some distortion of the hydwogen
bonds, in thet {if the hydrogen atom {s kept evplanar with the imtde
group the Neall direotion deviates fyom the He++0 axis by an angle
somewbat grester than the distorting angle of rotation, The mature of
the distertion is ewch, however, as to sugpest that not mueh strain
energy 1s involved. Iet us consider the effect on the stability of the
imide greup of moving the hydrogen atom onto (or nearl  omte) the
BeeeQ axis, ?h‘}}n:aﬁm would keep the hydrogen atow nearly in a plane
mmmn\e planey that 1s, 1% invelves soving the hydrogen
stox toverds one af the tetrshedral aorners of the nitvogen atom, If
the nitrogen aton were forming a pure double Yend with the earbonyl
oarbon C' thers wo:ld be styeng resistancs to this rotien of the hydre-
gon ston, ‘towever, it forms a bond with sbout eneehalf double«bond
w;ad am-whnifa:imlu:m GW coryespending to the ros-
onance  E==0! v w—ar

e S ¢ o

»”

§ and for the second of
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the strustures the Setrahedral position for ths hydrogen atom would be
the normal one, vhareas for the fiprst the plenar position is ptable,
Assordingly vwe would prediet that this rotetionsl distortion of the
pleated sheet would not involwe so xuch strein as if the bomds wers
doudle bonds,

muymmhmtmaammarmwmmm
the pm sonfiguration, throwgh yotation of the two ends /l-~-nna
:___:;:/ 1n oppestte divestions sbout the N=o=0! wxis, night be ex-
pected t:m. The strwin enurgy of this distortion, whieh ip essen.
t1ally also the strain snergy of distortion of the hydrogen ator eut of
the plane, oan be sstimeted in the follewing way. With % the athedrml
sngle formed by the planes of the two ond groups, the iride resonance
snergy may b taken squal %0 =4 sin® { 5—T/2), and the atrain energy
to 4 #in® §. The fagtor 4§ is the imtde resonance emergy for the planer
configuration, This ney Do estimated as ebout 30 hoal mole"t, (The
experinental value for the carboxylate lon, in whisch emsh of the twe
G0 bonds has 50 parcent doublesbond character, 1s 36 keal mole™), amd
sonevhat amaller walues are found for axides, ssters; and related sub-
stances.”) mmmme.im»wn strein energy for 10°
d1stortion of the Unide group, 0.8 keal mole™’ for 20° distortion, and
so on,; and wo may prediet that dlstorticns a2 largs as 20° might well
soour, in structurss in whish these Jistortions would relieve a larger
strain, but that {n genersl the polypeptide chain would awoid atructures
{mwvolving such strains. In any oase, ve would expect the distortion to
be divided betwesn the imide residue and the hydrogen dond., In caloul-
ating the coordimmtes of Table 1 we have not taken asecunt of these dis-
tortions.
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The disemnsion of the pleated gheet in flvatin and other prow
taine will be precented 1n following papers, In this dlpcussion we
asle use of the mereay soattering fors factor for the sheet. The form
fastor, ealsulsted for reiisetions from planes perellel to the medfan
mmatmmmmw,nmmwx;mmnm
hare, in Flgure 4y as eslomlstod frem the amsiion F = 5}’51“ (2'"'1i9\m 6/y3,
The sum has boan taken ever the atoms of one restdues of the uwndistorted
sirueture, ineluding alse o ¢ carbon atony with y = 2,04, the 9] valwe
givez in the Internationsl Tables for Grystel Strusture; feternination | ¢
having besn uand,

This imvestigution was aided by & grent from The Roskefe)ler
Fourdatfon, The Ngticoml Foundeticn for Infantile Faralrsis, and The
Untted States Mblic Health Sarviee,



Cesrdinates of Atome in the Polypep¥ide Fleated«shsot Configmmtion
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0.53
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0,00
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7° Rotation

0.00
0,36
0,53
1.7
0.00
-0, 36
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1.2
0.00
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20° Rotation

0,00
«0,36
0.50
1.63
0.00
o0y 34
0.5
1.63
0.00

0.96
0.35
0,40
0,64
0496
“0.14

039
0,96

0,00
.29
1.98
1.58
3,32
449
5049
5,50
6.64
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