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Resolut ion of Temperature -Dependent  Conformers  of Hist idine A m m o n i a - L y a s e  on Disc  Gel 
Electrophoresis:  Correlation wi th  Arrhenius  Discont inuit ies  

Several  cases of enzymes  which  d isplay  d iscont inuous  
Arrhenius  plots  have  been  documen ted  1-5 b u t  l i t t le  
evidence of tile cause has been presented .  Kine t ic  s tudies  
of Pseudomonas his t id ine  ammonia - lyase  6 have  provided  
ind i rec t  evidence t h a t  ti le enzyme undergoes  a similar  
t e m p e r a t u r e - d e p e n d e n t  t rans i t ion .  His t id ine  ammonia -  
lyase f rom Pseudomonas exists  as a monomer  and var ious  
polymer ic  forms T, s. I n  the  p resen t  communica t ion  we 
shall show t h a t  t e m p e r a t u r e - d e p e n d e n t  conformers  of 
monomer ic  h is t id ine  ammonia - lyase  can be resolved on a 
po lyacry lamide  disc gel, and  t h a t  the  presence of these  
conformers  can be corre la ted wi th  discont inui t ies  in 
Arrhenius  plots  of kinet ic  da ta  ob ta ined  with,  or in the  
absence of, thiols.  

His t id ine  ammonia - lyase  f rom Pseudomonas putida 
(ATCC 12633) was purif ied and  assayed as previous ly  
descr ibed s. Disc gel e lectrophoresis  was carr ied out  in 
7.5% po lyacry lamide  gels a t  p H  9.5 according to BUC~I- 
LER 9. W h e n  un t r ea t ed  enzyme is sub jec ted  to  disc gel 
e lectrophoresis  below 5~ a single m o n o m e r  species 
(about 95% of t he  to ta l  enzyme ac t iv i ty  in our p repara -  
t ions) w i th  an appa ren t  mobi l i ty  of 0.4, and  various 
polymer ic  speciesT, ~ (mobil i ty  _< 0.2) are observed 
(Figure la).  

"When enzyme is sub jec ted  to  e lectrophoresis  a t  35- 
40 ~ a second form arises f rom the  o therwise  homogeneous  
m o n o m e r  species (Figure lb).  The in te rconvers ion  was 
shown to be fully reversible.  W h e n  enzyme is incuba ted  at  
35-40~ and t h e n  subjec ted  to e lectrophoresis  a t  0-5~ 
after  slow cooling, the  band  is no t  spl i t  10. The presence  of 
th is  spl i t  b a n d  is i n t e rp re t ed  as d i rect  evidence of the  
exis tence of two conformers  of h is t id ine  ammonia- lyase .  
The fact  t h a t  th is  he te rogene i ty  is observed at  t he  same 
t e m p e r a t u r e  (about  35 ~ as the  b reak  in the  Arrhenius  
plot  and  VAX'T HOFF plot  of subs t r a t e  b ind ing  6 is cer ta in ly  
consis tent .  

If  the  enzyme was incuba ted  wi th  5 m M  di th io thre i to l  
(DTT) and  sub jec ted  to  e lect rophoresis  a single band  was 
observed (Figure lc). W i t h  g lu ta th ione  (GSH) p resen t  
(Figure ld) 2 bands  were observed,  and t h e y  appeared  to  
be separa ted  more  d i s t inc t ly  t h a n  when  no thiol  was 
present .  

W h e n  Arrhenius  plots  were cons t ruc ted  f rom kinet ic  
da ta  a s t r iking coincidence be tween  these  curves (Figure 2) 
and  the  e lect rophoresis  resul ts  is observed.  I t  is in te res t ing  
to note  t h a t  t he  linear, nond i scon t inuous  Arrhenius  plot  
of d a t a  ob ta ined  wi th  DTT presen t  cor responds  to  a 
single b a n d  on electrophoresis ,  whereas  t he  spl i t  band  is 

Correlation between Arrhenius plots and eleetrophoresis of histidine 
ammonia-lyase 

# 
Addition Number of bands �9 Ecat(kcal/mole) 

above 35 ~ below 30 ~ 

None 2 6 b 12 

DTT 1 12 ~ 12 

GSH 2 9 12 

Monomer, 35-40~ b Determined from the tangent at the highest 
2 temperatures, o Linear Arrhenius plot. 
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Fig. 1. Sample polyacrylamide disc 
eleetrophoresis gels run at pH 9.5. 
A) Below 5~ control; B) 35`40~ 
control; C) 35-40~ 5 mM DTT; D) 
35-40 ~ 5 mM GSH. Gels were stain- 
ed with amido black, lEleetrophoresis 
went from top to bottom. 
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correla ted wi th  a break  in the  Arrhenius  plot .  A s u m m a r y  
of th is  correla t ion is shown in the  Table. Since h is t id ine  
ammonia - lyase  conta ins  i cys te inyl  residue per  subun i t  11 
and  th is  - S H  group has  been  impl ica ted  in the  b ind ing  
of subs t r a t e  and  catalysis  12 it seems reasonable  to  speculate  
t h a t  G S H  and DTT m a y  act  in d i f ferent  ways  on the  
enzyme.  One model  which  is cons is ten t  w i th  th is  da t a  is 
t h a t  DTT acts  solely to  ma in t a in  t he  reduced  form of the  
enzyme whereas  GSH also forms a mixed  disulfide 
account ing  for the  2 bands  observed  on e lect rophoresis  

and the  Eta* t value in t e rmed ia t e  be tween  those  ob ta ined  
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Fig. 2. Arrhenius plots of the histidine ammonia-lyase reaction. 
Dashes on the ordinate are spaced by 0.1 Iogt0 unit. Height of eurbes 
is merely a convenience and need not imply relative activity. 
Conditions are: 0, 10 DTT; A, 5 mM GSH, and II, no thioI. 

in the  presence  and  absence of DTT. This m a y  be analogous 
to the  s i tua t ion  repor ted  by  ROUFAGALtS et al. 4 concerning 
the  b ind ing  of l igands to acetylchol inesterase.  

The p resen t  s tudy  wi th  h is t id ine  ammonia - lyase  
provides  di rect  evidence t h a t  the  concept  2 of a t emper -  
a t u r e -d ep en d en t  equi l ibr ium be tween  2 forms of enzyme 
is the  bes t  exp lana t ion  for the  p h e n o m e n a  repor ted  in the  
l i te ra ture  concerning d iscont inuous  Arrhenius  plots  and 
re la ted t h e r m o d y n a m i c  and spectroscopic  data.  The 
physiological  significance of such p h e n o m e n a  is a m a t t e r  
of unce r t a in ty  and content ion .  I t  is no tewor thy ,  however,  
t h a t  Pseudomonas and o ther  bac ter ia  grow well over  a 
wide range of t e m p e r a t u r e  and t h a t  a t  37~ b o t h  con- 
formers  of h is t id ine  ammonia- lyase  would exist.  Such 
t rans i t ions  have  also been descr ibed for more  complex  
s t ruc tures  such as myos in -ATPase  * and m e m b r a n e , b o u n d  
yeas t  mi tochondr ia l  ATPase  la. 

Zusammen/assung. Ers tma l ige r  Nachweis ,  dass  bei  der 
Pseudomonas H i s t i d i n -A mmo n i ak -L y as e  und  bei Tempe-  
r a tu r e rh6hung  der E n z y m l 6 s u n g  auf 35-40 ~ (reversibel) 
eine zweite  Enzymspec ies  (Konformeres)  e n t s t e h t  (Disc- 
Gel) und dass die U m w a n d l u n g  in dieser Species auch  in 
der  Arrhenius-Dars te l lung  s ich tbar  ist. 
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On the Nature  of Unretarded  Prote in  in a Chain Separat ion  Method  of H e m o g l o b i n  

Some years  ago CLEGG et al. 1 in t roduced  a new m e t h o d  
for the  separa t ion  of the  a- and E-chains of h u m a n  hemo-  
globin. This m e t h o d  was an i m p r o v e m e n t  on former  
procedures  and  has since been used ex tens ive ly  by  m a n y  
au thors  2-6. 
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Fig. 1. Elution pattern of separation of globin chains on a earboxy- 
methylcellulose column. 

The separa t ion  is pe r fo rmed  on a c a r b o x y m e t h y l -  
cellulose co lumn in 8 M urea, 50 m2VI p h o s p h a t e  buffer  
p H  6.7 wi th  50 m M  mercap to -e thano l .  The co lumn is 
e luted wi th  a 5 to 30 m M  Na+-ion gradient .  A represen-  
t a t ive  e lut ion p a t t e r n  is shown in Figure 1. The ma jo r  
peaks  were ident i f ied  by  CLEGG by the  f ingerpr in t ing  
t echn ique  as being ~- and e-chains.  The small  shoulders  
e luted jus t  ahead  of the  ma jo r  peaks  were shown to  
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