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Introduction 

In  the  search for more favourable protein crystals for 
X-ray  crystal lography a number  have been examined 
roughly to see if they  appear  promising. All those de- 
scribed in this paper have more t han  one molecule in the  
asymmetr ic  unit ,  so t ha t  no further  work has been done 
on them.  The results are published here mainly  to prevent  
others spending t ime on unpromising material .  

The protein crystals s tudied are the  common forms of 
bovine pancreat ic  t rypsin  inhibitor,  its compound wi th  
bovine trypsin,  and  two salts of chick lysozyme, the  
ni t ra te  and  the  iodide. Details of preparat ion,  and photo- 
graphs of the  first two of these protein crystals are 
collected together  in Northrop,  Kuni tz  & Herr io t t  (1948), 
which will be referred to here as N.K.H.  1948. 

All the  crystals used were moun ted  'wet '  in sealed 
capillary tubes in the  usual way. The X-ray  photographs 
were t aken  wi th  fil tered copper radiation.  

In  some cases, where the  crystal was ra ther  small, a 
lead pinhole of about  the  same diameter  as the  crystal 
was used. This was m o u n t e d  between the  crystal and  the  
X-ray  source, and  as near  to the  crystal as possible. In  
addit ion,  a hanging back-stop was used, moun ted  a 
cent imetre  or so in front of the  film, to catch the  direct 
beam. The effect of these two precautions was to reduce 
the  background scat ter ing considerably, which is especially 
desirable when the crystal is small and the  uni t  cell large. 

In  choosing space groups, those wi th  mirror or glide 
planes have been excluded, on the  grounds t ha t  since 
proteins are made  up of laevo amino acids only, these 
s y m m e t r y  elements  will no t  occur. 

T r y p s i n  inhibitor 

The bovine pancreat ic  t rypsin  inhibitor was very kindly  
supplied by  Dr M. Kuni tz  (Kunitz & Northrop,  1936; 
N.K.H. ,  1948). As the  crystals were very  small they  were 
recrystall ized by slow evaporat ion.  This was done as 
follows: Distilled water  was added unt i l  all the  crystals 
had  dissolved. The f la t -bot tom tube containing a shallow 
layer of this solution was f i t ted  wi th  a cork, in which a 
short  length  of capillary tube had  been fixed, so t ha t  
evaporat ion could take place only very  slowly. After 
some weeks at  room temperature ,  crystals of a reasonable 
size (a few ten ths  of a mil l imetre in length) were found 
to have grown. 

The crystals were short  hexagonal  prisms (see N.K.H.,  
1948, Fig. 60 for a photograph).  They showed straight  
extinction,  the  slow ray being along the  hexagonal  axis. 
X-ray  photographs  were taken  at  film distances between 
6 and  I0 cm. 

They confirmed the  hexagonal  symmet ry  and showed 
tha t  the  basal plane of the reciprocal latt ice had  mirror 
planes every 30 °. The 0001 reflexions were absent  only 
for 1 = 2 n + l .  The space group is therefore probably 
C6a2. This has 12 general positions. The uni t  cell dimen- 
sions are approximate ly  

a = 111, c = 122 /~.. 

This uni t  cell is most  disappoint ingly large, since 
t rypsin inhibi tor  is believed to have a molecular weight  
of 9000 (H. Gutfreund,  personal communicat ion) .  The 
dry dimensions were not  determined,  but  no very  ext reme 
shrinkage was not iced when  the crystals dried. If we 
assume tha t  the  crystal contains about  50 % protein we 
find 60 molecules in the uni t  cell, tha t  is 5 in each general 
position. This figure is only approximate,  but  it shows 
tha t  the  crystal is unlikely to be favourable for analysis. 

The reflexions 2020 and 2240 are very strong. This 
suggests a pseudo-halving of tile a axis in project ion at  
very  low resolution. As the c projection has a centre of 
symmet ry ,  the  ampli tudes  of these reflexions are real. 
Wi th  these two terms only four Fouriers projection are 
possible, but  wi thout  fur ther  da ta  it is not  possible to 
decide the  signs. The reflexion 0002 is also fairly strong. 

Inhibi tor-trypsin  compound  

This is the  compound of bovine pancreat ic  t rypsin and 
bovine pancreat ic  trypsin-inhibitor.  I t  was prepared by 
the  me thod  of Kuni tz  & Northrop (1936). The crystals 
when first ob ta ined  were very small, and had to be re- 
crystallized by slow evaporation.  Even  so, they  were 
little more than  0.1 ram. in size, and  X-ray photographs 
were taken  using a film distance of about  3 cm. 

The uni t  cell is monoclinic. I t  is convenient  to describe 
it in terms of an all face-centred monoclinic cell, having 
the  approximate  dimensions 

a = l l3 ,  b = 123, c = 112 A, fl = 97 ° . 

The crystals had  the  appearance shown in Fig. 61 of 
N.K.H.  (1948). The longest dimension of these crystals 
is parallel to b, the  shortest  to c*. Viewed perpendicular  
to c* the  slow ray is along b. 

In  order to describe the uni t  cell in the  convent ional  
form in which only one face is centred, we may  choose 

a---- 113, b = 123, c = 75 A, fl = 139 ° .  

The space-group is then  A2, which has four general 
positions. 

Assuming a protein content  of 50%, and a molecular 
weight  of about  30,000 (H. Gutfreund,  personal com- 
municat ion) ,  we find 10 molecules in this uni t  cell, so 
tha t  there are probably 2 or 3 molecules in the asymmetr ic  
unit .  This, again, is disappoint ingly large. 

Lysozyme nitrate and iodide 

The isoelectric chick lysozyme was obtained from Messrs 
Armours.  The ni t ra te  and  the iodide were crystallized 
by the  me thod  of Alder ton & Fevold (1946). Lysozyme 
crystallizes extremely easily by comparison with most  
proteins. An amorphous precipitate will often change 
overnight  into large well-formed crystals. 

The crystals were usually tabular,  wi th  straight  ex- 
t inct ion when viewed perpendicular  to the shortest  
dimension, the slow ray being along the  largest dimension, 
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which is in fact the b axis of the  monoclinic cell. There 
were occasional hollow or semi-hollow tabular  crystals, 
probably due to twinning.  

X-ray  pictures of the  ni t ra te  were taken  using film 
distances be tween 4 and 8 cm. The uni t  cell is mono- 
clinic, probably  P21. A reasonable choice of axes is 

a = 27-9, b = 63, c = 66-3 A, ~ = I14~ °, 

as this makes  all three axes parallel to the  faces of the 
crystal, b being parallel to the  longest  dimension, and  
a to the  shortest.  Moreover, there is a marked  tendency  
for low-order reflexions to be weak or absent  for 1 odd. 

The volume of the  uni t  cell is close to half tha t  of the 
wet  te t ragonal  lysozyme chloride (of which a few pictures 
were taken) which is known (Palmer, Bal lantyne & 
Gavin, 1948) to contain eight molecules, so tha t  there 
is little doubt  tha t  there are four molecules in the  uni t  
cell, and therefore two molecules in the asymmetr ic .uni t .  
The absences ment ioned  above suggest tha t  if we place 
one molecule at  the origin there is a second one roughly 
half way along the  c axis. 

The crystals of lysozyme iodide were similar to the  
nitrate,  though  hollow forms were not  observed. The few 
X-ray photographs taken  suggest tha t  its X-ray  diffrac- 
t ion pa t te rn  is very similar to if not  identical with  tha t  of 

lysozyme nitrate.  I t  is unders tood from Dr C. H. Carlisle 
(personal communicat ion)  t ha t  lysozyme bromide is also 
very  similar to the  ni trate,  and  t h a t  the  dry dimensions 
confirm tha t  there are four molecules in the  wet  cell. 

No further  work has been done on these two lysozyme 
crystals, bu t  they  are more  promising than  the  other 
crystals described in this paper  and  migh t  perhaps repay 
further  study. 

I t  is a pleasure to acknowledge the  help and  advice 
of Dr M. F. Perutz  and Dr J .  C. Kendrew in teaching 
me to take X-ray photographs of proteins. I should also 
like to thank  Dr C. H. Carlisle and  Dr H. Gutfreund for 
allowing me to quote unpubl ished material .  

References 
ALDERTON, G. & FEVOLD, H . L .  (1946). J. Biol. Chem. 

164, 1. 
KUNITZ, M. & NORTHROP, J.  H. (1936). J. Gen. Physiol. 

19, 991. 
NORTHROP, J.  H., KUNITZ, M. & HERRIOTT, R. M. (1948). 

Crystalline Enzymes, 2nd ed. New York:  Columbia 
Univers i ty  Press. 

PALMER, K. J., BALT,AI~rYI~-E, M. & GAVIN, J.  A. (1948). 
J. Amer. Chem. Soc. 70, 906. 

Acta Cryst. (1953). 6, 222 

The polarization factor for incl ined-beam photographs using crystal-reflected radiation. By 
E. J .  W. WHITTAKER, Technical Division, Ferodo Ltd, Chapel-en-le.Frith, S,'ockport, England 

(Received 22 August 1952) 

The polarization factor for unpolarized incident  
radiat ion (Internationale Tabellen, 1935, vol. 2, p. 560), 
namely  

P = ½(1+cos ~ 20), (1) 

is independent  of the geometrical features of the diffrac- 
t ion experiment ,  since it is a function of the Bragg angle 
only. When  the incident  radiat ion has been mono- 
chromatized by crystal reflexion, however, it is part ial ly 
polarized. The polarization factor is therefore more 
complicated, and depends on the relative orientat ion of 
the reflecting planes of the monochromator  crystal and  
those of the  specimen, as well as on the Bragg angle of 
reflexion at each crystal. In  the  special case when the  
incident  and reflected rays at both  the monochromator  
and the specimen all lie in a plane, it is well known tha t  

the factor reduces again to the simple form 

1 +cos  2 2a cos ~- 20 
P = l + c o s  2 2c~ ' (2) 

where c~ is the  Bragg angle for the  reflexion at  the  
monochromator .  This formula is well known, since it 
applies to the equatorial  plane of a suitably arranged 
powder- or single-crystal camera, and it is in such 
applications tha t  crystal-reflected radiat ion has been 
predominant ly  employed. I t  is the  purpose of this 
communicat ion to derive the polarization factor in the 

general case, and to express it in terms of simple film 
co-ordinates to facilitate its application to incl ined-beam 
photographs recorded on cylindrical films. 

Let  the diffracting crystal be located at O, the  origin 
of orthogonal co-ordinates OX, O Y, OZ such tha t  the  
plane XO Y contains the ray incident  at  O and also the  
ray incident  on the monochromator  crystal M. After  
diffraction, the  ray proceeds along OP which makes  an 
angle Z wi th  the  plane X O Y ,  and its projection OQ, on 
this plane, makes an angle T 0 with O Y  (Fig. 1). 

Consider a plane polarized ray incident  on the  mono- 
chromator  crystal at  the Bragg angle a and with its 
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