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Crystallographic evidence for the structural i somorphism of deer and beef catalase 
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Summary. 2 c rys t a l  fo rms  of deer  l iver  ca ta lase  h a v e  been  grown an d  ana lyzed  b y  X - r a y  d i f f rac t ion .  B o t h  are of space  
group  P21212 ~ w i t h  cell d imens ions  I :  a = 88.5 ~_, b = 140.5 X~ an d  c = 235 A; I I :  a = 124 ~ ,  b = 128 ~ a n d - c  = 
154 A. The  f i rs t  of these  2 forms appea r s  to  be v i r t u a l l y  i somorphous  w i t h  c rys ta l s  of beef  l iver  ca ta lase .  

Cata lase  (E.C. 1.11.1.6) is a h e m e p r o t e i n  of 2.5 •  
da l tons  which  ca ta lyzes  t he  r eac t ion  2 H 2 0 ~ = 2 H ~ O + O  2. 
The  e n z y m e  is composed  of 4 iden t i ca l  s u b u n i t s  2, e ach  
c o n t a i n i n g  a f e r r o p r o t o p o r p h y r i n  I X  group w i t h  t he  i ron 
a t o m  as Fe  ~8. S u m n e r  in 1943 deve loped  a s imple  pro-  
cedure  for t he  pur i f i ca t ion  and  c rys ta l l i za t ion  of beef  
l iver  ca ta lasea  a n d  t h i s  ha s  since been  appl ied  to o b t a i n  
t h e  e n z y m e  f rom a wide  v a r i e t y  of o rgan i sms  ~-8, A l t h o u g h  
c rys ta l s  of beef i iver  ca ta lase  h a v e  been  ex tens ive ly  s tud -  
ied b y  b o t h  X - r a y  d i f f rac t ion  and  e lec t ron  mic roscopy  9, 
s t r u c t u r a l  s tud ies  of t he  p ro t e in  f rom o the r  species h a v e  
received l i t t le  a t t e n t i o n .  I n  t h e  cou r se  of our  s tudies  on  
t he  enzyme  f rom a wide v a r i e t y  of sources, we h a v e  
o b t a i n e d  c rys ta l s  en t i r e ly  su i tab le  for h igh  re so lu t ion  
X - r a y  d i f f rac t ion  ana lys i s  of ca ta lase  f rom deer  l iver.  
The  c rys ta l s  h a v e  been  g rown in 2 d i s t inc t  modi f ica t ions ,  
and  one of these  is v i r t u a l l y  i somorphous  w i t h  a c o m m o n  
form of beef  l iver  ca ta lase  crys ta l .  Th i s  occurs  desp i te  
v e r y  d i f fe ren t  a m b i e n t  c rys ta l l i za t ion  condi t ions .  

Methods. Deer  l iver  was  o b t a i n e d  f rom a n  A m e r i c a n  
W h i t e  Tai l  deer  acc iden t a l l y  kil led b y  an  au tomobi l e .  
Beef  l iver  was  o b t a i n e d  f rom the  local bu t che r .  B o t h  
ca ta lases  were i so la ted  accord ing  to p r e p a r a t o r y  t ech -  
n iques  deve loped  b y  S u m n e r  a, excep t  t h a t  t he  f ina l  
p r o d u c t  was p r e c i p i t a t e d  w i t h  45~o a m m o n i u m  su l fa te  
followed b y  ex tens ive  dia lysis  a t  room t e m p e r a t u r e  w i t h  
0.01 M sod ium cacodyla te ,  p H  6.2. 

Large  r e c t a n g u l a r  p r i sms  of beef  l iver  ca ta lase  were g rown  
us ing  the  v a p o r  d i f fus ion m e t h o d  10 in a b o u t  3 days  f rom 
sample  depress ion  so lu t ions  c o n t a i n i n g  20 [xl of 1% beef  
l iver  ca ta lase  a n d  20 [xl of 0.1 M sod ium cacodyla te ,  
p H  6.4. The  v a p o r  reservoi rs  c o n t a i n e d  8% e thano l .  
W h e n  t he  c rys ta l s  r eached  a desired size, the  depress ions  
were f looded w i t h  0.1 ml  of 25% 2 -me thy l  2-4  p e n t a -  
nediol  to  s tabi l ize  t h e m  d u r i n g  exposure  to  X- ray .  

Deer  l iver  ca ta lase  c rys ta l s  of 2 d i f fe ren t  c rys t a l  fo rms  
were also g rown us ing  t he  v a p o r  di f fus ion t echn ique .  
Large  r e c t a n g u l a r  p r i sms  iden t ica l  in m o r p h o l o g y  to  t hose  
of beef  l iver  ca t a l a se  were c rys ta l l ized  f rom a so lu t ion  
compr i sed  of 20 ~xl of 1~o deer  ca ta lase ,  20 txl of 6~o poly-  
e thy l ene  glycol 4000 a n d  10 al  1.0 M s o d i u m  cacody la t e  
p H  6.28 in t he  sample  depression.  The  v a p o r  rese rvo i r  
c o n t a i n e d  6% p o l y e t h y l e n e  glycol 4000. The  second deer  
l iver  ca ta lase  c rys t a l  form, f la t  p la tes ,  grew ou t  of t h e  
p rec ip i t a t e  fo rmed  in t he  sample  depresse ion  w h e n  10 ~xl 
of 1% deer  l iver  ca ta l a se  a n d  10 ~1 of 4 %  p o l y e t h y l e n e  
glycol 1000 were p resen t .  The  reservoi r  c o n t a i n e d  4 %  
P E G  1000. F o r  X - r a y  analysis ,  t h e  c rys ta l s  were sealed 
in q u a r t z  capi l lar ies  b y  c o n v e n t i o n a l  m e t h o d s  a n d  dif- 
f r ac t ion  p h o t o g r a p h s  recorded  on a Supper  precess ion  
c a m e r a  us ing  nickel  f i l tered CuK~ r ad i a t i on  gene ra t ed  b y  
a n  E l l io t  r o t a t i n g  anode  source ope ra t ed  a t  40 kV a n d  
40 mA. The  p h o t o g r a p h i c  d i f f rac t ion  records  were mea -  
sured  and  c o n v e r t e d  to  i n t e g r a t e d  in tens i t i e s  b y  an  
Opt ron ics  P1000 h igh - speed  r o t a t i n g  d r u m  mic rodens i to -  
meter .  All ca lcu la t ions  and  d a t a  r educ t i on  were pe r fo rmed  

on- l ine  w i t h  a Digi ta l  P D P - 1 1 / 4 0  m i n i c o m p u t e r  us ing  
sof tware  (Scan 11) w r i t t e n  b y  Pau l  B e t h g e  and  modi f ied  
b y  J o h n  I. H. P a t t e r s o n .  
Crystallographic results. Precess ion  p h o t o g r a p h s  of t h e  
r kl  zone of t h e  beef  l iver  ca ta lase  c rys ta l s  possess m m  sym-  
m e t r y  w i t h  t h e  ~ k ~  an d  ~ ~1 p r e s en t  on ly  when  k = 2 n  
a n d  l = 2 n .  T h e  h ~ l  zone also d e m o n s t r a t e s  m m  sym-  
m e t r y  w i t h  h ~  ~ p r e s en t  on ly  w h e n  h = 2 n .  U p p e r  levels 
of b o t h  zones show m m  s y m m e t r y  w i t h  no s y s t e m a t i c  
absences  r e l a t ive  to t h e  zero level. The  space group  of 
these  c rys ta l s i s ,  therefore ,  P212121 wi th  a = 88/k, b = 141 A 
an d  c = 2 3 4  A. Beef l iver  c rys ta l s  w i t h  t h e  same la t t i ce  
p a r a m e t e r s  a n d  s y m m e t r y  were p r e v i o u s l y  r epo r t ed  
g rown  f rom sod ium c i t r a t e  a t  p H  8.2 ~. 

P h o t o g r a p h s  of the  ~ k l  an d  h ~ 1 zones of the  p r i sma t i c  
c rys ta l s  of deer  l iver  ca ta lase  p roved  t h e  space group  to  
be P212121 w i t h  a = 8 8  /k, b = 1 4 0  ~ a n d  c = 2 3 5  ~ .  I n  
add i t ion ,  the  i n t e n s i t y  d i s t r i bu t i ons  of t h e  ~ k l  p h o t o -  
g r a p h s  f rom t h e  beef an d  deer  l iver  ca ta l a se  c rys ta l s  were 
s t r ik ing ly  s imi lar  a l t h o u g h  n o t  ident ica l .  The  2 p h o t o -  
g r a p h s  were dens i tomete red ,  t h e  in tens i t i e s  cor rec ted  for  
L o ren t z  an d  po la r i za t ion  effects  an d  scaled to one a n o t h e r  
us ing  a coeff icient  of the  fo rm A exp(-Bsin0/~) .  Fol lowing 
th i s  f i t t ing,  a res idual ,  R, was  ca lcu la ted  us ing the  ex- 
p ress ion  

n n 

R=~7 ~ (]F0kl(beef) - F0kl(deer)D 
k=0,  1=0 

]F0kl (beef)[ 

Fo r  all d a t a  to  a reso lu t ion  of 4.2 A, R w a s  found  to be 0.22. 
T h e  f la t  p l a t e  fo rm of deer  l iver  ca ta lase  was e x a m i n e d  
on  t h e  precess ion c a m e r a  a n d  also s h o w n  to h a v e  space 
g roup  s y m m e t r y  P212121 b u t  w i t h  l a t t i ce  p a r a m e t e r s  
a = 1 2 4  A, b = 1 2 8  A a n d  c = 1 5 4 A .  The  h k ~  an d  ~ k l  
zones of th i s  c rys t a l  are s h o w n  in t h e  figure, a an d  b, 
respect ive ly .  A s s u m p t i o n  of 1 molecule  of 250,000 pe r  
a s y m m e t r i c  u n i t  yields a v o l u m e  to mass  rat io,  Vm, of 

a Precession photo of h k ~  level of the second crystal form of deer 
liver catalase, b Precession photo of the Nkl of the second crystal 
form of deer liver eatalase where a =  124 A, b = 128 A and c=  154 A. 
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2.44 A3/da l ton .  This  is nea r  t he  cen te r  of t he  r ange  of 
va lues  descr ibed  b y  M a t t h e w s  for o t h e r  c rys ta l l ine  pro-  
te ins  n a n d  is close to  those  of t he  beef  l iver  and  f i r s t  
deer  l iver  c rys ta l  forms.  T h u s  in all  of t he  c rys ta l s  de- 
scr ibed here,  t he  a s y m m e t r i c  u n i t  consis ts  of 4 en t i re  
p ro t e in  subun i t s .  
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Discussion. The  resu l t s  i nd i ca t e  t h a t  t h e  ca ta lase  mole-  
cules f rom deer  a n d  beef  l iver  are essen t ia l ly  i somorphous .  
Cons ider ing  t h e  di f ferences  in  a m i n o  acid compos i t i on  
t h a t  m u s t  be expec t ed  for t he  2 species and  t he  surpr i s -  
ingly  low res idua l  obse rved  to  a r a t h e r  h igh  resolut ion,  
i t  seems fair  to  conclude  t h a t  t he  overa l l  c o n f o r m a t i o n  
of these  2 ca ta lases  m u s t  be  a lmos t  ident ica l .  The  dif- 
ferences  obse rved  in the di f f rac t ion  p a t t e r n  are r o u g h l y  
e q u i v a l e n t  to  those  t h a t  m i g h t  be expec ted ,  for example ,  
b y  t he  i n t r o d u c t i o n  of a single h e a v y  a t o m  in to  each  
s u b u n i t  of t he  t e t r a m e r  a n d  would  easi ly  be  a c c o u n t e d  
for b y  t he  a m i n o  acid side cha in  differences.  
T h u s  in sp i te  oi  t he  s u b s t a n t i a l  d i f ference in t he  a n i m a l  
species involved ,  i t  can  be  s t a t e d  w i t h  cons iderab le  cer- 
t a i n t y  t h a t  t he  3 d i m e n s i o n a l  s t r u c t u r e  of the  ca ta lase  
molecule  ha s  been  essent ia l ly  conserved .  One m a y  specu-  
late,  therefore ,  t h a t  th i s  hemepro t e in ,  like h e m o g l o b i n  
a n d  myoglob in ,  v e r y  l ike ly  exh ib i t s  a s t r u c t u r a l  c o n s t a n c y  
a m o n g  widely  d i f fe ren t  species. A s imi la r  k ind  of r e su l t  
was  o b t a i n e d  b y  N o r t h  e t  al. 12 who  showed t he  close 
i d e n t i t y  of seal a n d  spe rm whale  m y o g l o b i n  b y  d i rec t  
e x a m i n a t i o n  of t h e i r  r espec t ive  d i f f rac t ion  p a t t e r n s .  
Beef  l iver  ca ta lase  c rys ta l s  are p r e s e n t l y  u n d e r  inves t iga -  
t i on  in 2 labora tor ies ,  and  will l ikely r e su l t  in  the  3dimen-  
s ional  s t r u c t u r e  of t h a t  molecule  w i t h i n  t he  n e x t  2 years .  
Since t h e  deer  l iver  form yields d a t a  to  h i g h  reso lu t ion  
wk ich  can  p r o b a b l y  be  p h a s e d  d i rec t ly  f rom a beef  I iver 
ca ta l a se  s t ruc tu re ,  t h e  deer  l iver  ca ta lase  molecu la r  
s t r u c t u r e  should  follow soon the rea f t e r .  

Lysergylpeptides in the course of peptide ergot alkaloid formation 
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Summar  7. R a d i o a c t i v e  d - lyse rgy l -Val -Leu-OMe,  d - lyse rgy l -Va l -Va l -OMe and  d - ly se rgy l -Va l -Va l -P ro -OMe were 
syn the t i z ed  accord ing  to  t he  d i cyc l ohexy l ca r bod i i m ide /1 -hyd roxybenzo t r i a zo l e  p rocedure .  These  c o m p o u n d s  are no t  
used b y  i n t a c t  m y c e l i u m  of Claviceps  as i m m e d i a t e  precursors  for  cyclola lkaloid  b iosynthes i s .  

The  m e c h a n i s m  of pep t ide  a lkaloid  f o r m a t i o n  in Claviceps,  
especial ly  of t he  cyclol  moie ty ,  is st i l l  obscure,  Feed ing  
of lysergic acid a n d  a p p r o p r i a t e  a m i n o  acids led to a 
specific i n c o r p o r a t i o n  in to  e rgo t  alkaloids1.  F u r t h e r m o r e  
ne i t he r  d - lyse rgy l -L-a lan ine  n o r  d - lyse rgy l -L-va l ine  were  
i nco rpo ra t ed  as i n t a c t  un i t s  in to  e r g o t a m i n e  or e rgo tox ine  
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r e spec t ive ly  2-4. Also o the r  p o t e n t i a l  i n t e r m e d i a t e s  l ike 
d ipept ides ,  d ike top ipe raz ines  a n d  t r i pep t i de s  were spl i t  
p r io r  to  i nco rpo ra t i on  b y  t he  ergot  fungi  5-7. For  example ,  
Va l -Leu -P ro  (sequence of e rgokryp t ine )  a n d  Va l -Va l -Pro  
are  no  free i n t e r m e d i a t e s  in e rgo tox ine  b iosyn thes i s" ,  L 
A p laus ib le  scheme for cyclol  t y p e  e rgo t  a lkaloid  fo rma-  
t ion  was r ecen t ly  deve loped  T, 8. A p p a r e n t l y  t he  pep t ide  
cha in  f o r m a t i o n  t akes  places in a conce r t ed  fash ion  on  a 
m u l t i e n z y m e  complex .  As a key  i n t e r m e d i a t e ,  a n  en- 
z y m e - b o u n d  ly se rgy l t r i pep t ide  was proposed .  Concomi-  
t a n t l y  w i t h  re leas ing th i s  lysergyl  d e r i v a t i v e  f rom the  
enzyme,  an  acy la t ed  d ike top ipe raz ine  could be  formed.  
W e  t e s t ed  now w h e t h e r  a ly se rgy l t r ipep t ide  (as - O M e  
der iva t ive )  is c o n v e r t e d  in v ivo  b y  t he  fungus  in to  the  
co r respond ing  pep t i de  alkaloid.  Also 2 a p p r o p r i a t  e lyser-  
gy ld ipep t ides  were fed which,  a f t e r  coup l ing  w i th  the  
' s t a r t e r ' -mo lecu l e  prol ine ,  m i g h t  in t u r n  be  t r a n s f o r m e d  
in to  alkaloids.  P rev ious  e x p e r i m e n t s  4 revea led  t h a t  ergot  
fungi  d e m e t h y l a t e  m e t h y l  es ters  of lysergyl  amino  acids 
qu i t e  easily. 
Material and methods. L-Valyl-L-valin-(U-14C) m e t h y l  ester ,  
L-valyl-L-leucine-(1-14C)methy!  es te r  were s y n t h e t i z e d  b y  
t h e  mixed  a n h y d r i d e  m e t h o d  w i t h  i s o b u t y l  ch lo ro fo rma te  ~ 
and t r i e t h y l a m i n e .  L-Vaty l -L-va lyI -  (U -i*C)-L-proline 


