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Cylindrical Patterson projections for poly-y-methyl-L-glutamate and collagen have been calculated 
from fiber diagram X-ray data with the aid of punched-card techniques. Interpretation of the 
observed functions is rather difficult owing to their poor resolution, which is caused in turn by the 
small amount of data available for inclusion in the calculations. A theoretical cylindrical Patterson 
projection for the 3-60 residue a-helix is also given. Qualitative comparisons indicate that the poly- 
y-methyl-L-glutamate Patterson may be reasonably well explained on the basis of the a-helix 
structure, but that the collagen structure is probably quite different. 

In troduc t ion  

A method for the evaluation of a two-dimensional 
Patterson transform from the intensity distribution of 
a fiber diagram has been given by MacGillavry & 
Brnins (1948). Their discussion was based on the 
assumptions of strict periodicity in the fiber direction 
and completely random orientation of the chains 
around this axis. In a later treatment by Vineyard 
(1951), the former condition has been removed with 
a resultant generalization of MacGillavry & Bruins' 
equations. 

An application of the method outlined in the earlier 
paper has been made with the X-ray diffraction data 
given by fibrous collagen and poly-y-methyl-L-gluta- 
mate. A description of the method of calculation, an 
evaluation of the Patterson transforms obtained, and 
a brief comparison of these functions with a theoretical 
Patterson projection map for a 3-6 residue ~-helix will 
be given in the following sections. 

M e t h o d  of c a l c u l a t i o n  

I t  was shown by MacGillavry & ]3ruins (1948) that  
a two-dimensional Patterson function ~(z, x) for a 
periodic fiber with random azimuthal orientation can 
be defined by the equations 

~(z, x) = I7 ~k(x) cos 2 ~ z ,  (1) 
k 

 k(x) = 

where z is the coordinate parallel to the fiber axis, 
x is the radial distance of a point from the fiber axis, 

is the Bernal coordinate perpendicular to the fiber 
axis in reciprocal space, k is the layer-line number 
introduced with the assumption of periodicity, H(k, ~) 
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is the intensity distribution along the /cth layer line, 
corrected for angular factors, J0(2g~x) is a zero-order 
Bessel function of the first kind for real arguments, 
N is the number of periods in the fiber direction, and 
V is the volume of the fiber irradiated. 

The assignment of fiber repeat distances, and there- 
fore values of k, to the collagen and poly-y-methyl-L- 
glutamate structures has been a controversial matter. 
I t  seems clear, however, that, even if the distance 
selected for use in equation (1) is not the true repeat 
but only a pseudo-repeat, the Patterson function will 
still have most of the features of the true transform. 
The fiber repeat distances used in this calculation were 
27.0 J~ for poly-y-methyl-L-glutamate and 29-3 A for 
collagen. These repeats give indices 0, 2, 3, 5, 8, 10, etc. 
for the observable layer lines in the poly-y-methyl-T.- 
glutamate pattern, and 0, 3, 4, 5, 6, 7, 10, etc. for the 
observable layer lines in the collagen pattern. 

The intensity distribution along the layer lines of a 
photograph of poly-y-methyl-L-glutamate was mea- 
sured with the aid of a Model B Eastman densito- 
meter. The graph of the logarithm of the relative ex- 
posure time as a function of density given by Eastman 
Kodak for non-screen X-ray film (1947) was used to 
convert the observed data into relative intensities. 
Densitometer readings were taken at sufficiently close 
intervals so that  a smooth intensity v. distance curve 
could be drawn through the observed points. Distances 
along the layer lines were expressed in the Bernal 
coordinate ~ and Lorentz and polarization factors 

calculated in the usual manner were applied to the 
observed intensities to obtain finally the functions 
H(~, ~). 

The collagen data were treated in an exactly ana- 
logous way, except that  the intensities themselves 
were measured visually. In both cases the intensity 
distributions were measured along lines at values of 
corresponding to separations 1/c. Those portions of the 
reflections which were off the layer lines, owing to the 
arcing effect produced by disorientation, were neg- 
lected. If these were to be incorporated into the cal- 
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culations, the  more complicated expressions of Vine- 14 
y a r d  (1951) would have  to be used. 

The coefficients ~k(x) for both problems were cal- 12 
culated from the intensi ty  distr ibutions with the  use 
of punched-card  methods.  Values of H ( k ,  ~), k and ~ 10 
were punched into a set of detail  cards, and a rguments  
2~r~x were calculated for values of x ranging from 
0 to 8 .0 /~  a t  intervals  of 0-4 A for collagen and 0.2 J~ z(h) I 
for poly-y-methyl-L-glutamate .  Zero-order Bessel rune- 6 I 
tions corresponding to the  a rguments  were gang- 

I punched  into the  detail  cards from a mas te r  deck* and 
the  integrands H ( k ,  ~ ) . J 0 ( 2 ~ x ) . ~  were computed 
with an In te rna t iona l  Business Machines 604 electronic 
calculating unit.  The integrat ions were performed 

0 numerically with the same machine. The calculation ( 
extended over layer lines with index 0, 3, 4, 5, 6, 7 
and l0 for collagen and 0, 2, 3, 5, 8 and 18 for poly- 
y-methyl-L-glutamate. 

The final summation of the two-dimensional Patter- 
son functions was carried out with Beevers-Lipson 
strips, as indicated in equation (1). The series were 
put on an approximate absolute scale by adding con- 
stant positive backgrounds equal in magnitude to the 
largest negative values reached by the functions. 

Interpretation of the Patterson functions 

The two-dimensional  Pa t t e r son  projections obtained 
for collagen and poly-~-methyl-T,-glutamate are shown 
in Fig. l(a) and Fig. l(b) respectively.  I t  should be 
noted  t h a t  the  functions actual ly  shown in these 
figures are ~(z, x) .x .  Multiplication by  the Pa t t e r son  
coordinate perpendicular  to the  fiber axis was sug- 
gested by  consideration of the relation between a 
cylindrically projected three-dimensional  Pa t t e r son  
function,  independent  of az imuth  angle c~, and a two- 
dimensional  funct ion of the  type  derived by  MacGil- 
l av ry  & Bruins (1948). Suppor t  for this procedure was 
la te r  found in a calculation of the  theoretical  shape 
assumed by  a Gaussian Pa t t e r son  peak  in three- 
dimensional  space when projected cyhndrical ly  (Yakel, 
1953). 

* The master deck of zero-order Bessel functions Jo(Y) 
used in these calculations covers the range of arguments 0 to 
20.000 at intervals of 0.004 in the argument. The deck was 
prepared by direct calculation of the functions with the aid 
of the following relationships, which can be derived from 
formulas involving the derivatives of zero and first-order Bessel 
functions, 

Jo(Yn+l) = Jo(Yn-1) -- 2Zly. Ml(Yn)/Yn , (3) 

Ml(yn+2 ) = Ml(Yn ) -}- 2,dy. Yn-lJo(Yn-1) • (4) 

Here ZIy = 0.002, n is given by the equation Yn = 0.002.n, 
and Ml(Yn ) = YnJl(Yn). With a suitably planned program 
board for the 604 calculating unit, it was possible to compute 
Jo(Y) to y = 20.000 merely by introducing the values of 
J0(0-000) and Jx(0.002) on a lead card, the machine performing 
all subsequent operations as indicated in (3) and (4) and punch- 
hag the resultant Bessel functions and arguments into a set 
of trailer cards. The functions were calculated to four signifi- 
cant figures after the decimal point with a maximum error of 
±0-0002 and an average error much less than 0.0001. 
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Fig. 1. (a) Observed cylindrical Patterson function for col- 
lagen. (b) Observed cylindrical Patterson function for 
poly -7 -methyl-T.-glutamate. 

Contours shown are at arbitrary, equally separated levels. 
Areas inside broken contours represent minima of the func- 
tion. 

I t  is clear t h a t  the  resolution of both Pa t te r son  
functions is very  poor, the  reason probably  being t h a t  
the  d a t a  used in the  series did not  ex tend to large 
values of sin 0/2. A discussion of these functions in 
terms of detai led models of the  polypept ide chain is 
not  possible, bu t  several general  features  are wor thy  
of note. 

The presence of peaks of fairly large magnitude 
about 1 ~ from the fiber axis is common to both 
projections. These peaks may be partially an artifact, 
however, owing to the lack of data and disorientation 
in the packing of the polypeptide molecules. The peaks 
seem to arise experimentally from the relatively high 
intensity of the equatorial reflections obtained from 
both collagen and poly-y-methyl-L-glutamate. Inspec- 
tion of equations (I) and (2) shows that if these large 
intensities are not counterbalanced by a large amount 
of data from higher layer lines they will insure the 
presence of high peaks a t  x = 0 in cp(z, x) ,  or slightly 
displaced from the fiber axis in q(z, x) .x .  

The exper imental ly  observed high intensities of the  
equator ial  layer  lines relat ive to the  higher layer  lines 
m a y  be produced by  randomness  in the  vertical  
s tacking of the  individual  peptide molecules which 
would contr ibute  to a general  decrease in non-equa- 
torial  layer-line intensities while leaving the  equator ial  
intensities unaffected.  

The rows of peaks roughly parallel  to the  fiber axis 
along the  lines x T 5-0 A in Fig. l(a) and x -~ 3-2/~ 
in Fig. l(b) m a y  be in terpre ted  as arising from inter- 
actions between a toms of different molecules or, in 
the case of poly-y-methyl-L-glutamate ,  f rom inter- 
actions between a toms of the  peptide chain and side 
chain atoms.  An interest ing a l ternat ive  explanat ion 
m a y  be advanced  if hehcal  chains similar to those 
proposed by  Pauling,  Corey & Branson (1951) are 
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Fig. 2. (a) ~(0, x).~v functions for the compounds studied, with the functions placed on the same arbitrary relative scale. 
Full curve (a) is taken from theoretical cylindrical Patterson function for 3.60 residue a-helix. Dashed curve (b) is taken 
from observed Patterson for poly-~-methyl-L-glutamate. Dotted curve (c) is taken from observed Patterson for collagen. 

(b) ¢0(x) functions for the compounds studied. The function have been placed on the same arbitrary relative ordinate scale 
and the axis of ordinates has been displaced upward for curves (b) and (c) to make comparison easier. Curve (a) was 
obtained from the interatomic distances of the 3.60 residue s-helix, curve (b) was obtained from the X-ray data for poly- 
~-methyl-T.-glutamate, and curve (c) was obtained from the X-ray data for collagen. 

assumed to be present.  The rows of peaks  under  con- 
sideration might  then  be a t t r ibu ted  to interact ions 
between a toms located on opposite sides of the  same 
helix. T h a t  is, the  distance of these peaks  f rom the  
fiber axis, corrected for the  shift  in peak  position with  
cylindrical projection, would be a measure  of the  
d iameter  of the  helix. 

I t  is not  immedia te ly  evident  t h a t  in tera tomic  
distances with values of Ax equal  to the  helix d iameter  
would be so numerous  as to produce a chain of Pa t te r -  
son peaks  separa ted  f rom the  fiber axis by  a definite 
minimum.  This min imum m a y  be exaggerated,  how- 
ever, owing to diffraction effects surrounding the  peaks 
near  the  fiber axis. I n  this case a general  dis t r ibut ion 
of m a x i m a  could be considered as extending to 
x = 3-2 /~ (poly-~-methyl-L-glutamate)  or 5.0 A (col- 
lagen), and  the  in te rpre ta t ion  of the  la t te r  values in 
t e rms  of average helix d iameter  would seem more 
reasonable.  

The 3-0 A diameter  which in this w a y  would be 
associated with  the  helical poly-~-methyl-L-glutamate  
molecules is in fa i r ly  good agreement  with the  value 
predicted f rom the  3.60 residue ~-helix. The 4-8 /~ 
d iameter  for collagen would indicate a more open 
spiral, resembling in this respct  the  three-s t rand  helix 
proposed for this substance by  Paul ing & Corey 

(1951a, b). 
Fig. 2(a) shows the  functions ~(0, x). x for the  two 

compounds.  The m a x i m u m  at  about  2-7 A in the  curve 
for collagen m a y  be a false diffract ion peak  bu t  m a y  
also represent  inter-chain van  der Waa ls  or hydrogen-  
bonded contacts.  The pronounced m a x i m u m  at  6.1 A 
for poly-~-methyl-L-glutamate can be a t t r ibu ted  to 
interactions such as those between main-chain  a toms 
of one helix and the  side-chain a toms of an ad jacent  
h@lix. Fig. 2(b) shows the  functions ~0(x) which are 
equivalent  to radial  distr ibution functions of the  pro- 

jections and  which should therefore contain informa- 
t ion about  the  la teral  packing of the  polypept ide  
chains. A theoret ical  ~0(x) funct ion calculated with  
the  atomic pa ramete r s  for the  3.60 residue s-hel ix  
given by  Paul ing & Corey (1951a, b) is also shown in 
Fig. 2(b). I t  is seen t h a t  the  exper imental  curve for  
poly-~-methyl-L-glutamate  resembles in gross details 
this calculated funct ion while the  curve for collagen 
is significantly different. 

A theoret ical  cylindrical Pa t t e r son  project ion ob- 
ta ined  f rom the  in tera tomic  distances in a 3-60 residue 
~-helix by  the  method  described by  Yakel  (1953) is 
given in Fig. 3. 0 n l y  main-chain  and 8(1) carbon 
a toms were used to calculate this function,  which 
extends over all eighteen amino-acid residues in a 
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Fig. 3. The theoretical cylindrical Patterson function for the 
3.60-residue a-helix. Contours are shown at intervals of 100. 
The broken contours indicate the 750 level. This function 
was calculated from only those atomic interactions involving 
main-chain and ~ carbon atoms of the 18 residues in a 
repeat of this helix. 
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fiber repeat. A temperature function corresponding 
to B = 30 j~2 was used in the computation. This 
temperature factor is probably too large by about 5/~2 
but the general character of the Patterson function 
would not be changed materially by this correction. 
A comparison of the theoretical function with the two 
experimental Pattersons shows that  only a few general 
conclusions can be drawn as to the possible ap- 
plicability of an a-helix model to the structures which 
the Patterson diagrams represent. The dissimilarity 
between the calculated projection and the Patterson 
diagram for collagen indicates that  it is improbable 
that  single a-helices are major structural components 
of that  compound. There are some points of similarity 
with the poly-~,-methyl-T,-glutamate function, parti- 
cularly in the region of the line x ~ 3.0/~. The main 
point of disagreement between these two functions is 
the absence of any well distinguished peaks along the 
line x =~ 1.0 A in the theoretical function. This probably 
reflects the fact that  the peaks at x ~ 1-0 _~ in the 
observed functions are artifacts or the result of dis- 
orientations in the structure which were not duplicated 
in the theoretical function. The line ~(0, x). x from the 
calculated projection is included in Fig. 2(a) for pur- 
poses of comparison with the experimental curves. 
In all comparisons between the observed and theoreti- 
cal functions at large x values it must be kept in mind 
that  no side-chain atoms, other than a fl carbon atom, 
were included in the latter. The general rise of the 
observed functions for values of x greater than 5 /~ 
is of course due to main-chain, side-chain and inter- 
chain interactions, which appear to be more and more 
important because of the weighting on x. 

Conclus ion  

I t  has been found that  cylindrical Patterson functions 
calculated from relatively meager X-ray data given 
by a fibrous protein and a synthetic poly-peptide 
yield only general, semi-quantitative information about 
the structures of these compounds. More detailed con- 
clusions might be reached if the resolution of the pro- 
jections were improved; this might be achieved by the 
inclusion of more intensity data at shorter spacings. 
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The structure of titanium oxydifluoride, TiOF 2, has been determined from X-ray powder photo- 
graphs. The structure consists of titanium atoms octahedrally coordinated by randomly distributed 
oxygen and fluorine atoms, these octahedra sharing all six corners with neighboring octahedra. It  is 
shown that powder data previously attributed to TiF4 are probably due to TiOF~. 

E x p e r i m e n t a l  

In the course of a study of various halides of titanium, 
titanium oxydifluoride, TiOF~, was obtained as the 
product of hydrolysis of titanium tetrafluoride; it was 
also prepared by the hydrolysis of titanium trifluoro- 
chloride, and from the reaction of aqueous or an- 

hydrous hydrogen fluoride with titanium dioxide 
(Vorres & Dutton, 1954). The oxydifluoride, when 
purified, was a white powder. The various methods of 
preparation did not give any single crystals. Powder 
specimens were sealed in glass capillaries and photo- 
graphed in a Straumanis-type camera with filtered 
Cu Ka  radiation, 2 = 1.542 .~. Relative intensities 


