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SUMMARY 

Comparative studies on the substrate specificity of prenyltransferase (dimethyl- 
allyl pyrophosphate :isopentenyl pyrophosphate dimethylallyltransferase, EC 2.5.1.1) 
from pig liver and from pumpkin showed that  the enzyme from liver had broader 
specificity with respect to artificial substrates than the enzyme from pumpkin. Seven 
allylic pyrophosphates, which were inactive as substrates for pumpkin enzyme, were 
found to be active for liver enzyme. These were cis-3-methyl-2-octenyl, trans-3,4- 
dimethyl-2-pentenyl, trans-3,4-dimethyl-2-hexenyl,  trans-3,5-dimethyl-2-hexenyl,  
trans-3,6-dimethyl-2-heptenyl,  3-propyl-2-hexenyl and cycloheptylideneethyl pyro- 
phosphates. No difference was observed between the two enzymes, in that  geranyl 
pyrophosphate or its homolog was accumulated in an early stage of the reaction of 
dimethylallyl pyrophosphate or its homolog with isopentenyl pyrophosphate. 

INTRODUCTION 

Prenyltransferase (dimethylallyl pyrophosphate:isopentenyl pyrophosphate 
dilnethylallyltransferase, EC 2.5.1.1) has been purified from yeast 1, pig liver 2,3 and 
pumpkin 4. I t  is well established that  a purified preparation of this enzyme from any 
of these sources catalyzes the condensation of isopentenyl pyrophosphate (3-methyl- 
3-butenyl pyrophosphate) both with 3,3-dimethylallyl pyrophosphate (I)* and with 
geranyl pyrophosphate (2) to give trans,trans-farnesyl pyrophosphate. I t  has been 
also shown that  some homologs of I act as condensing partners with isopentenyl 
pyrophosphate in the reaction catalyzed by prenyltransferase from pig liver 5-8 and 
pumpkin fruitg, 1°, However, comparative study of this enzyme from these sources 
has not been reported. We now report differential specificities of this enzyme from 
liver and pumpkin with respect to artificial substrates. 

The numbers (I) etc. refer to compounds as set out in Tables I and II. 
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MATERIALS AND METHODS 

All allylic pyrophosphates were the same preparations as used in the previous 
studies 8-1°, except that cycloheptylideneethyl pyrophosphate (24) was synthesized 
from cycloheptanone by a method similar to that for the synthesis of cyclohexylidene- 
ethyl pyrophosphate (23) ~. [~4C]Isopentenyl pyrophosphate (spec. act., 1.2 Ci/mole) 
was prepared by the method of Yuan and Bloch n. Prenyltransferase was purified 
from pig liver according to the procedure of Holloway and Popj~k a, and from pump- 
kin fruit by our method 4. The specific activities of the enzyme preparations from 
liver and pumpkin were 18 and 20 units/rag, respectively. One unit of enzyme is 
defined as the amount of enzyme which converts I nmole of isopentenyl pyrophos- 
phate, in the presence of 3,3-dimethylallyl pyrophosphate (i), into farnesyl pyro- 
phosphate per min. Both preparations were free of isopentenyl pyrophosphate 
isomerase and geranylgeranyl pyrophosphate synthetase. 

Enzymatic reaction was assayed as usuaP by determining the incorporation 
of [14C]isopentenyl pyrophosphate into the acid-labile allylie pyrophosphates formed 
by the condensation. The standard incubation mixture contained, in a final volume 
of 2 ml, 40/~moles of potassium phosphate buffer (pH 7.o), IO /,moles of MgC12, 
50 nmoles of [14C]isopentenyl pyrophosphate (60 nCi), 25 nmoles of an allylic pyro- 
phosphate to be examined and 50/~g of enzyme protein. The mixture was incubated 
at 37 °C for 20 min and was then treated with 0.6 ml i M HC1 for 15 min to complete 
the hydrolysis of allylic pyrophosphates, and the mixture was extracted with 4 ml 
of n-hexane. The radioactivity in the extract was routinely determined with a liquid 
scintillation counter. For the identification of the products of the enzymatic reaction, 
the reaction mixture was treated with alkaline phosphatase, and the radioactive 
alcohols thus liberated were analyzed by radiogas chromatography as described 
previously TM. 

RESULTS AND DISCUSSION 

Tables I and II show the ability of various allylic pyrophosphates to react with 
isopentenyl pyrophosphate in the reaction catalyzed by the enzymes from liver and 
pumpkin under the same conditions. The reactivity is expressed as the relative 
amount of [14C]isopentenyl pyrophosphate converted into acid-labile allylic pyro- 
phosphates by the condensation, 3,3-dimethylallyl pyrophosphate (I) being taken 
as a standard. No difference was observed between the enzymes from liver and from 
pumpkin when natural substrates were used; the reactivities of geranyl pyrophos- 
phate (2) in the reaction catalyzed by these two enzymes relative to that of i were 
nearly equal to each other. The general relationships between the chain lengths of 
the alkyl group of artificial 3-methyl-2-alkenyl pyrophosphates and their reactivities 
catalyzed by these two enzymes were also essentially similar to each other. Namely, 
in the cis series (12-15) the reactivity decreased with increase of chain length, and 
in the trans series (3-11), on the other hand, C 9 (6) or el0 compound (7) showed the 
maximum reactivity. However, a difference was observed in that cis-3-methyl-2- 
hexenyl pyrophosphate (13) was 4 times and cis-3-methyl-2-heptenyl pyrophosphate 
(14) was 9 times more reactive in the reaction catalyzed by the liver enzyme than by 
the pumpkin enzyme. Even cis-3-methyl-2-octenyl pyrophosphate (I5) which was 
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T A B L E  I 

R E A C T I O N  OF 3 - M E T H Y L - 2 - A L K E N Y L  P Y R O P H O S P H A T E S  I N  T H E  R E A C T I O N  W I T H  I S O P E N T E N Y L  P Y R O -  

P H O S P H A T E  C A T A L Y Z E D  B Y  P R E N Y L T R A N S F E R A S E  OF L I V E R  A N D  P U M P K I N  

Compound Reactivity 
R =  

Liver Pumpkin 

trans-R(CH3)C = CHCH2OPaO68- 
CH3 (1)  1 1 
(CH3)2C= C H C H  2 (2) 0.80 0.82 
C2H5 (3) o.31 o.18 
n-Call7 (4) 0.56 o.16 
n-C4H9 (5) 0.63 0.50 
n-CsH n (6) 0.65 0.90 
n-CeHta (7) 0.73 0.88 
n-C~H15 (8) 0.65 0.74 
n-CsHt7 (9) 0.35 o.37 
n-CgH19 (IO) 0.o6 0.03 
n-CnH23 (It)  Inac t ive*  Inac t ive*  

cis-R(CH3)C : CHCH2OP2063- 
C2H ~ (12) 0.24 o,15 
n-C3H ~ (13) o.2o o,o 5 
n-C4H 9 (14) o.18 0,02 
n-CsH n (15) 0.04 Inac t ive*  

* Inac t i ve  indica tes  t h a t  the  r eac t iv i ty  is less t h a n  o.oi .  

T A B L E  II 

R E A C T I V I T Y  OF A L L V L I C  P Y R O P H O S P H A T E S  I N  T H E  R E A C T I O N  W I T H  I S O P E N T E N Y L  P Y R O P H O S P H A T E  

C A T A L Y Z E D  B Y  P R E N Y L T R A N S F E R A S E  OF L I V E R  A N D  P U M P K I N  

Compound Reactivity 
R =  

Liver Pumpkin 

trans-R(CH3)C = CHCH2OP20 ,  3- 
(CHa)2CH (16) o.13 Inac t ive"  
(C2H5) (CH3)CH (17) o.19 Inac t ive"  
(CH~)2CHCH z (18) o.14 Inac t ive*  
(CHa)2CHCH2CHz (19) 0.06 Inac t ive*  
(CH3)2CHCH~CH~CH , (2o) 0.51 o.52 
(CHa)~CHCHzCH~CHaCH 2 (21) 0.29 0.24 

Cyclopenty l idenee thyl -OP~Oe 8- (22) o.41 0.24 
Cyclohexyl idenee thyl -OP2Oe 3- (23) 0.29 o.04 
Cyc lohep ty l idenee thy l -OPzO,  3- (24) o.16 Inac t ive"  
(n-C3HT) 2C = CHCH2OP2Oe 3- (25) o.24 Inac t ive*  

* Inac t i ve  indica tes  t h a t  t he  r eac t iv i ty  is less t h a n  o.oi .  

no longer active as a substrate for the pumpkin enzyme 9, was found to be still 
accepted by the liver enzyme. This C 9 compound (15) was almost as reactive for the 
liver enzyme as cis-3-methyl-2-hexenyl pyrophosphate (13) w a s  for the pumpkin 
enzyme. A more remarkable difference in the specificity of these two enzymes was 
observed with allylic pyrophosphates having a branched chain or cyclic structure 
(Table II). 3,4-Dimethyl-2-pentenyl (16), 3,4-dimethyl-2-hexenyl (17), 3,5-dimethyl- 
2-hexenyl (18) and 3,6-dimethyl-2-heptenyl pyrophosphate (19), which were all 
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i n a c t i v e  for t he  p u m p k i n  e n z y m e ,  a c t e d  as subs t r a t e s  for t he  l ive r  enzyme .  As to  

cycl ic  c o m p o u n d s ,  c y c l o h e x y l i d e n e e t h y l  p y r o p h o s p h a t e  (23) r e a c t e d  7 t imes  more  

r a p i d l y  in t he  r eac t i on  c a t a l y z e d  b y  the  l ive r  e n z y m e  t h a n  by  the  p u m p k i n  e n z y m e ,  

and  c y c l o h e p t y l i d e n e e t h y l  p y r o p h o s p h a t e  (24) was  ac t i ve  as a subs t r a t e  on ly  for 

t h e  l i ve r  e n z y m e .  3 - P r o p y l - 2 - h e x e n y l  p y r o p h o s p h a t e  (25), which  was  no t  a ccep t ed  

b y  the  p u m p k i n  e n z y m e ,  was  also a fa i r ly  good  s u b s t r a t e  for the  l i ve r  enzyme .  Thus ,  

a l lyl ic  p y r o p h o s p h a t e s  wh ich  were  r e a c t i v e  as subs t r a t e s  for t he  p u m p k i n  e n z y m e  

were  also all  r e a c t i v e  for t h e  l i ve r  e n z y m e ,  b u t  some subs t r a t e s  were  found  to be 

r e a c t i v e  on ly  for t h e  l a t t e r  e n z y m e .  
H o l l o w a y  and  P o p j ~ k  a a n d  Popj / tk  et al. 6 r e p o r t e d  t h a t  g e r a n y l  p y r o p h o s p h a t e  

(2) was  n e v e r  a c c u m u l a t e d  on i n c u b a t i o n  o f  l ive r  p r e n y l t r a n s f e r a s e  wi th  3,3-di- 

m e t h y l a l l y l  p y r o p h o s p h a t e  (I) a n d  i s o p e n t e n y l  p y r o p h o s p h a t e ,  a n d  t h a t  t he  r eac t ion  

of  i s o p e n t e n y l  p y r o p h o s p h a t e  w i t h  lrans-3-methyl-2-pentenyl (3) a n d  w i t h  trans- 3- 
m e t h y l - 2 - h e x e n y l  p y r o p h o s p h a t e  (4) s imi l a r ly  g a v e  the  homologs  of  fa rnesy l  py ro -  
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Fig. I. Conversion of V14C]isopentenyl pyrophosphate into geranyl and farnesyl pyrophosphate as 
a function of time. The incubation mixture contained, in a final volume of 14 ml, 28o/~moles of 
potassitlr~ phosphate buffer (pH 7.o), 7 ° pmoles of MgC1 v 35o nmoles of [14CJisopentenyl pyro- 
phospha[e, i75 nmoles of 3,3-dimethylallyl pyrophosphate (i) and 2oo/~g of liver prenyltrans- 
ferase. At the end of each time interval as indicated, two I-ml aliquots were withdrawn. One ali- 
quot was treated with acid as usual for the measurement of the total conversion of radioactivity 
into acid-labile allylic pyrophosphates, and the other aliquot was heated at ioo °C for 2 min and 
was treated with alkaline phosphatase for the product analysis. Individual conversion of radio- 
activity into geranyl and farnesyl pyrophosphates was estimated on the basis of the peak area 
for geraniol and farnesol on the radiogas chromatogram. [~--K~, total radioactivity in allylic 
pyrophosphates; q~-O,  radioactivity in geranyl pyrophosphate; (2)--@, radioactivity in far- 
nesyl pyrophosphate. Two isopentenyl residues are incorporated into a farnesyl pyrophosphate 
molecule, and hence for comparison of the amount of the products the value for farnesyl pyro- 
phosphate should be divided by 2. 

Fig. 2. Conversion of E14Clisopentenyl pyrophosphate into trishomogeranyl and trishomofarnesyl 
pyrophosphates as a function of time. Incubation was carried out in the same manner as described 
under Fig. i except that  3-methyl-2-heptenyl pyrophosphate (5) was used in place of i and that 
the scale of incubation was half. After the reaction i-ml aliquots were treated as described under 
Fig. i. [3--[Z, total radioactivity in allylic pyrophosphates; O--O,  radioactivity in trishomoge- 
ranyl pyrophosphate; C)--C), radioactivity in trishomofarnesyl pyrophosphate. 
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phosphate without accumulation of any geranyl pyrophosphate homologs. On the 
other hand, we showed that  geranyl pyrophosphate (2) was accumulated in the 
reaction of i with isopentenyl pyrophosphate catalyzed by the pumpkin enzyme, 
and that the reaction of 4 with isopentenyl pyrophosphate gave both homologs of 
geranyl pyrophosphate and of farnesyl pyrophosphate4, 9. It  seems attractive to 
explain this discrepancy by assuming that  prenyltransferase of plant origin has two 
separate sites, a dimethylallyl-transfelring (C 5 ~ C10 ) and a geranyl-transferring site 
(C10 -+ Cla ) for the synthesis of geranyl pyrophosphate which is a precursor for the 
monoterpene biosynthesis as well as farnesyl pyrophosphate, and that the liver 
enzyme has one common site which catalyzes the completely consecutive conden- 
sation, C a -+ C10 ~ C15 only for the synthesis of farnesyl pyrophosphate. 

However, comparison of the reaction products revealed that this discrepancy 
was not due to the difference in the source of the enzyme, but to the difference in the 
condition of incubation. In an early stage of the reaction, the accumulation of geranyl 
pyrophosphate or its homolog was dominant in the reaction catalyzed by the liver 
enzyme as well as by the pumpkin enzyme, and the formation of farnesyl pyrophos- 
phate or its homolog became conspicuous as the reaction proceeded. Time courses 
of the reaction are exemplified in Figs i and 2. 

It was also confirmed that  the C18 compound derived from 5, 15, or IO, the 
former two being capable of reacting with two molecules of isopentenyl pyrophos- 
phate, was the longest homolog formed by the liver enzyme as well as by the pumpkin 
enzyme. 

General properties of prenyltransferase from liver and pumpkin were similar 
to each other except that the former had broader substrate specificity with respect 
to several artificial substrates. 
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