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8-Aminolevulinate dehydratase from ox liver and tobacco leaves* 

The enzyme &amlno levuhna te  dehyd ra t a se  (&amlno levuhna te  hydro- lyase ,  EC 
4 2.1 24) has been purified from animal  1, as well as from plant ,  t issue 2 This enzyme 
isola ted  from ox l iver 1 was found to be comple te ly  inac t ive  In TrIs buffer, a l though it  
was act ive in a buffer mix ture  of Trls  and  phosphate ,  a r sena te  or b ica rbona te  buffers 
a t  the  same p H  The o p t i m u m  p H  value  for the  enzyme from ox l iver  was 6 7 in phos-  
pha te  buffer 

&Armnolevuhna te  dehydra t a se  was isola ted f rom tobacco (N~cot~ana tabacum L 
var  Havana-38)  The tobacco enzyme was s imi lar  In character is t ics  to the  ox hver  
enzyme I t  was ac t ive  in a buffer mix ture  of Tris  wi th  phosphate ,  a rsenate  or bicar-  
bona te  buffers bu t  not  in Trls-HC1 alone Purif icat ion and general  proper t ies  of  the  
tobacco leaf  enzyme are repor ted  elsewhere ~ The exper iments  repor ted  here i l lus t ra te  
t ha t  &amino levuhna te  dehydra ta ses  from both  ox hver  and tobacco leaf  were ac t ive  
in Trls-HC1 buffer bu t  a t  a different p H  than  in phospha te  buffer 

Enzyme  ac t i v i t y  was measured  according to the  me thod  descr ibed b y  MAUZE- 
RALL AND GRANICK 3 A s t a n d a r d  react ion mix tu re  conta ined  IO mM each of  GSH, of  
&amlno levuhna te  hydrochlor lde  (neutral ized with  NaOH) and of  Mg 2+ in add i t ion  to  
buffer (pH 7 4), and  enzyme was ex t r ac t ed  in a final volume of  I o m l .  Incuba t ion  was 
at  37 ° for 30 m m  The react ion was s topped  b y  the  add i t ion  of  an equal  volume of 
t r ichloroacet lc  acid conta in ing HgCle (IO~o t r lchloroacet lc  acid and o i M HgC12 
(4 i ,  b y  vol )) Pro te in  was de te rmined  b y  the me thod  of LOWRY et al 4 A uni t  of 
enzyme a c h v l t y  is defined as tha t  amoun t  of  enzyme which produced  I nmole of  
porphobihnogen  in 60 mln, and  specific a c t i v i t y  is the  number  of  uni ts  per  mg prote in  

Purif ied tobacco leaf  &amino levuhna te  dehyd ra t a se  (5o-fold) d id  not  exhib i t  
a c t i v i t y  when it was d ia lyzed  against  2 mM Trls-HC1 buffer (pH 7 4) The use of Se- 
phadex  G-25 gel f i l t rat ion equi l ib ra ted  with  I mM Tns-HC1 conta in ing i mM cys teme 
also gave inact ive  fract ions However ,  the  d ia lyzed  ex t rac t s  or those e lu ted  from 
Sephadex  exh ib i ted  good ac t iv i ty  m a mix tu re  of Trls HC1 and phospha te  buffers 
at  the  same p H  (pH 7 4) 

Arsena te  and b ica rbona te  buffers behaved  similar  to the  phospha te  buffer in 
this  respect  In  order  to de te rmine  whether  the  ac t iva t ion  b y  phospha te  was due to 
an anion effect, a cat ion effect or a reversal  of inhibi t ion b y  Tris buffer, 25-fold purif ied 
tobacco leaf & a m m o l e v u h n a t e  dehyd ra t a se  was incuba ted  with  different phospha te  
buffers E n z y m e  ac t i v i t y  was found only  in react ion mix tures  conta ining phospha te  
(see Table  I) In  separa te  exper iments  it  was found tha t  enzyme a c t i v i t y  was pro-  
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T A B L E  I 

A C T I O N  OF P H O S P H A T E  ON E N Z Y M E  A C T I V I T Y  

o 3 ml  d ia lyzed,  25-fold pur i f ied  tobacco  leaf  enzyme  (o 81 mg  pro te in  per  ml) i n c u b a t e d  a t  37 ° 
for 3 ° ram, w i t h  IO mM each of GSH, Mg *+, 6 - a m m o l e v u h n a t e  and  3 ° mM buffer a t  p H  7 4 

Compound used Conch A ct,v#y 
(raM) (enzyme 

umts) 

Tns -HC1 3 ° 6 
NaC1 3 ° 7 
KC1 3 ° 6 
NazHPO4-NaH, ,PO 4 3 ° 127 
K 2 H P O 4 - K H , P O ,  3 ° 131 

portlonal to the phosphate concentration and was Independent of the Trls concen- 
tration When TrIs-HC1 buffer was compared with Tns-HsPO4, potassium phosphate 
and sodium phosphate buffers, enzyme activity was found to be the same regardless 
of the source of phosphate Neither Na +, K +, Trls nor C1- were activators. Thin IS In 
contrast to the reported behavior of 8-ammolevuhnate dehydratase from Rhodo- 
pseudomonas sphero,desS, 8, in that the bacterial enzyme exhibited a monovalent cation 
requirement and did not exhibit a phosphate requirement 

Fig I shows the effect of phosphate and arsenate buffers on tobacco leaf 8-amino- 
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Fig  I Tobacco leaf  (%amlnolevulmate  d e h y d r a t a s e  a c t i v i t y  as a func t ion  of  p h o s p h a t e  and  
a r sena te  concen t r a t i ons  R e a c t i o n  m i x t u r e  con t a ined  IO mM each of GSH, b -amlno levuhna te ,  
Mg *+, IOO mM t o t a l  buffer (phospha te  or a r sena t e  as i nd i ca t ed  and  defici t  m a d e  up  by  Trls-HC1 
buffer) and  o 2 ml  5o-fold purafied d ia lyzed  enzyme  (o 47 mg  pro te in  per  ml) I n c u b a t i o n  for 
3 ° mln  a t  37 ° and  a t  p H  7 4 0 - - 0 ,  a r sena te ,  O---O, p h o s p h a t e  

F ig  2 p H - a c t l v l t y  curve  for ~ - a m m o l e v u h n a t e  d e h y d r a t a s e  f rom ox hve r  and  tobacco  leaf  in 
Trls-HC1 buffer I n c u b a t i o n  m i x t u r e  con ta ined  4 ° mM Trls-HC1 buffer, i o  mM each of GSH, 
# - ammolevuhna t e ,  Mg *+ and  o 2 ml  enzyme  m a final v o l u m e  of i ml Tobacco leaf  enzyme  used 
w a s  5o-fold purif ied (o 47 mg  p ro t e in  per  ml) Ox l iver  enzyme  was  40-55 % (NH4)2SO 4 p rec ip i t a t e  
of l iver  h o m o g e n a t e  I n c u b a t i o n  for 3 ° m m  a t  37 ° and  a t  t he  p H  va lue  i nd i ca t ed  O - - O ,  tobacco  
leaf  enzyme ,  O--"O, ox h v e r  enzyme  
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levuhnate dehydratase in Trls buffer (pH 7 4) Both phosphate and arsenate had a 
similar influence on the act ivi ty A saturat ion level was reached around io mM, 
indicating a critical threshold level for these anions beyond which there was a sharp 
increase In the act ivi ty  Km values from this figure for phosphate and arsenate were 
15 and 13 mM, respectively 

It  was found that  the tobacco enzyme was highly active in Tris buffer above 
pH 8 o, although It had a pH optimum of 7 4 in phosphate buffers 2 Fig 2 illustrates 
the results obtained in experiments designed to s tudy the optmlal  pH range for tobacco 
leaf and ox hver &ammolevulinate dehydratases In Trls-HC1 buffer The ox hver 
enzyme was found to be completely inactive in Tris buffer up to pH 7 6 Act ivi ty  was 
exhibited beyond this value with an optimum around pH 8 2 The tobacco leaf enzyme 
did not show any peak but increased in act ivi ty  in Trls-HC1 up to a pH value of 9 o 
The specific activities of the tobacco leaf enzyme in phosphate buffer (pH 7 4) and In 
Tris-HC1 buffer (pH 9 o) were 12oo and 85o umts/mg protein, respectively 

From the results of this mvestlgatlon, it appears that  the change in act ivi ty  
with different buffers was a function of the pH I t  is probably much more complicated, 
since phosphate and related anions seem to activate the enzyme from both ox hver 
and tobacco leafm the presence of Tns-HC1 The results are suggestive that  phosphate 
(also arsenate or bicarbonate) induce an enzyme configuration that  is active This 
configuration IS found with TrIs-HC1 only at high pH values To bring about such a 
change in the configuration, it appears that  at least a inmmmm concentration of IO mM 
phosphate is required 

The pK value of Tris may also explain its effect on enzyme act ivi ty Below its 
pK value, Trls is predominantly in the form of its bulky quaternary ammomum form 
(CH2OH)~CNH3+ This positive ion may be complexmg with the substrate 6-ammo- 
levuhnate at its free carboxyl group A free carboxyl group is known to be necessary 
for binding the sub~trate on to the active site of the enzyme 5 In the presence of phos- 
phate, substrate and phosphate may compete for the cationic species of Tris 

In conclusion, &ammolevuhnate dehydratase from ox liver and tobacco were 
active in either phosphate or TrIs buffers Only the pH optimum was changed 
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