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The crystal forms and molecular weight of a-chymotrypsine<jen 
An X-ray study 

An e x a m i n a t i o n  has  been m a d e  of all avai lable  crys ta l  fo rms  of chymot ryps inogen ,  where  possible  
us ing  X- ray  m e t h o d s ;  in addi t ion  the  molecular  weight  of the  prote in  has  been d e d u c e d  f rom 
the  X- r ay  d a t a  for one form (Type D) which is salt-free. The  crys ta l  fo rms  which  we have  invest i -  
ga ted  are the  following. 
Type A. These  c rys ta l s  are prec ip i ta ted  f rom an aqueous  solut ion con ta in ing  25 % s a t u r a t e d  
a m m o n i u m  su lpha te  by  addi t ion  of sod ium hydroxide .  T h e y  were first described by  NORTHROP 
AND KUNITZ 1, T h e y  are very  th in  needles, whose length  can  w i thou t  too m u c h  difficulty be m a d e  
as grea t  as o. 7 cm;  even c rys ta l s  as long as this,  however,  are too th in  to give in te rpre tab le  X - r a y  
pho tographs .  
Type B. This  t ype  of c rys ta l  was-descr ibed by  KUNITZ ~, and  is prepared  f rom alcoholic solut ion 
by  rais ing the  p H  f rom 4 to 5. Morphological ly type  B crys ta ls  are t e t ragona l  p r i sms  wi th  p r i sm  
faces in the  form { I I o}, and  which t e r m i n a t e  in p y r a m i d a l  faces { i i i}. 
Type C. In  the  course  of p repar ing  type  B crys ta l s  according to KUNITZ'S m e t h o d s  we found  
t h a t  by  va ry ing  t he  protein  concen t ra t ion  it was possible to ob ta in  larger or smal le r  p ropor t ions  
of ano the r  c rys ta l  form,  superficially s imilar  to t ype  B b u t  in fact  possess ing  different  c rys ta l  
s y m m e t r y .  These  are o r thorhombic  p r i sms  bounded  by  pr i sm faces {IOI} and  t e r m i n a t e d  by 
d o m e  faces {0II}. Fig. I of the  above -men t ioned  paper  by  KUNITZ ~ appears  to show a mix tu r e  
of the  two types .  
Type D. This  is a new form of salt-free (iso-ionic) c rys ta l  p repared  by  Dr. P. E. WILCOX, who 
was k ind  enough  to send  us  very  large spec imens  for examina t ion .  He prepared  t h e m  by  pass ing  
a solut ion of c h y m o t r y p s i n o g e n  t h rough  an  Amber l i t e  exchange  resin co lumn,  t he  uppe r  pa r t  
of which was mixed-bed  I R  i2o-H + and  I R  4oo-OH -,  and  t he  lower pa r t  a layer  of I R  i2o -H +. 
The  ion-free solut ion crystal l ized spon t aneous l y  on emergence  f rom the  co lumn.  The  crys ta ls  
general ly  form four-s ided p r i sms  f la t tened on {oot} and  t e r m i n a t e d  by  pinacoidal  faces {OLO}. 

X-ray examination 
We were able to s t u d y  t he  diffraction pa t t e rn s  of c rys ta l s  of t ypes  B, C, and  D. We  used t he  
ro ta t ing -anode  X- r ay  t u b e  des igned by  Mr. D. A. G. BROAD and  a Buerge r  precession c a m e r a ,  
wi th  which we ob ta ined  9 ° or  i7 ° p ic tures  us ing  Cu K a  radia t ion.  T y p e  B crys ta l s  were found 
to be t e t r agona l  wi th  space  g roup  P41212, while t ypes  C and  D were o r tho rhombic  wi th  space  
group P21212 I. The  cell d imens ions  are g iven in Table  I. Some X- r ay  work ha s  also been done 
on t ype  B crys ta l s  by  CARLISLE 8. 

T A B L E  I 

U N I T  C E L L  D I M E N S I O N S  A N D  S P A C E  G R O U P S  O F  C R Y S T A L  F O R M S  O F  ~ - C H Y M O T R Y P S I N O G E N  

C eU dimem'io~ 
Type Space group Mols/cell 

a b ¢ 

B P41212 i i 2 . i  A i i 2 . i  A 54.6 A 8 
C P212121 IOS.I 60. 4 77.0 8 
D P212121 42.6 54.6 91.9 4 

Assuming  t h a t  t he  molecular  weight  of the  prote in  lies be tween  2o,ooo and  30,000 (see below) 
it m a y  be concluded wi th  some  confidence t h a t  c rys ta l s  of t ypes  B and  C con ta in  8 molecules  
per  un i t  cell (i.e. one per  a s y m m e t r i c  un i t  in t ype  B, two per  a s y m m e t r i c  un i t  in t ype  C), while 
those  of t ype  D conta in  4 per  un i t  cell (i.e. one per  a s y m m e t r i c  uni t) .  

We  ca lcula ted  Pa t t e r son  projec t ions  for t ype  D crystals ,  b u t  these  are  no t  reproduced  in 
t he  p resen t  paper  because  t h e y  conta in  no s t r ik ing  or readi ly- in te rpre tab le  features .  

Determination o] molecular weight 
Salt-free pro te in  crystals ,  such  as t ype  D crys ta ls  of chymot ryps inogen ,  con ta in  only  pro te in  
and  water ,  so it is possible to arr ive s imp ly  a t  a va lue  of t he  molecular  weight  of t he  protein 
by  m e a s u r i n g  (a) the  vo lume  of t he  un i t  celll (b) t he  dens i ty  of  t he  crystal ,  and  (c) i ts wa te r  content. 
T h e  express ion  to be eva lua ted  is 
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Where  V = v o l u m e  of un i t  ceil (mI) 
w = propor t ion  b y  weight  of pro te in  in t he  c rys ta l  
p ---- dens i ty  of crystal ,  g / m l  
n = n u m b e r  of molecules  per  un i t  cell 

T h e  de t e rmina t ion  of these  quan t i t i e s  will be considered in tu rn .  
(a) Volume o/ the unit cell. T he  va lue  der ived f rom t he  m e a s u r e d  cell d imens ions  is 213,8oo Aa; 
t h e  s t a n d a r d  dev ia t ion  is e s t i m a t e d  to be  1.2 %.  
(b) Dry  weight. The  difficulties i nhe ren t  in t he  m e a s u r e m e n t  of th i s  q u a n t i t y  h a v e  been discussed 
by  L o w  AND RICHARDS 4. Following the i r  m e t h o d s  our  pract ice  was  to d ry  c rys ta l s  in vacuo over  
phospho rus  pen tox ide  for 4 ~ hours ,  by  which  t i m e  i t  was  found  b y  e x p e r i m e n t  t h a t  t he  c rys ta l s  
h~d se t t led  down to a c o n s t a n t  weight .  W e  found  w = o.642, and  e s t i m a t e  t h e  s t a n d a r d  error 
of  t he  m e a s u r e m e n t s  to be 2 %.  
(c) Crystal density. This  was  m e a s u r e d  in a g rad ien t  t ube  b y  t he  m e t h o d s  developed by  L o w  
AND RICHARDS 5, wi th  t h e  modif icat ion,  d e m o n s t r a t e d  to us  by  Dr. RICHARDS, t h a t  t he  g rad ien t  
t u b e  was  ca l ibra ted  by  weighing  a glass  p lunger  of known  v o l u m e  a n d  dens i ty  su spended  a t  the  
s a m e  level as t he  c rys ta l  in i ts  equ i l ib r ium posi t ion.  The  dens i ty  of  t he  c rys ta l s  was  found  to  be 
1.2i 5 wi th  a s t a n d a r d  devia t ion  of i %.  

Inse r t ing  these  va lues  in t he  equa t ion  i t  is found  t h a t  t he  molecular  weight  is 25,ooo wi th  
a s t a n d a r d  dev ia t ion  of 4- 8oo. 

Th i s  va lue  is in good a g r e e m e n t  wi th  more  recent  de t e rmina t ions  of t he  molecular  weight  
b y  o the r  t e chn iques  all of which  h a v e  yielded resul ts  s o m e w h a t  h igher  t h a n  those  cu r r en t  in 
t he  earlier l i tera ture*.  A m o n g  t he se  recen t  de t e rmi na t i ons  m a y  be m e n t i o n e d  t h e  following: 
TIETZE AND NEURATI# ob ta ined  25,ooo by  l ight  sca t t e r ing ;  NEURATH ? in te rpre ted  the  amino-ac id  
d a t a  of LEwxs, SNELL, HIRSCHMANN AND FRAENKEL-CONRAT 8 in t e r m s  of a molecular  weight  
of 25,ooo; GUTFREUND 9 ob ta ined  a va lue  of 24,ooo + 50o by  osmot ic  pressure  m e a s u r e m e n t .  
Our  va lue  is also in good a g r e e m e n t  wi th  t he  m o s t  recent  molecular  weight  de t e rmina t ions  based 
on l igh t - sca t t e r ing  m e a s u r e m e n t s ,  amino-ac id  analys is  and  sed imen ta t i on  and  diffusion measure -  
men t ,  all of which  converged  1° t owards  a va lue  of a b o u t  25,ooo. 
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