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~ethylgiyoxal bis(butyl~idinobydrazone), a new inhibitor of poiyamine 
biosynthesis that simultaneously inhibits ornithine decarboxylase, 

adenosylmethionine decarboxylase and spermidine synthase 
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Aliphatic polyamines, putrescine, spermidine and sperrn- 
ine, seem to be essential for cell growth, and they are 
considered to serve as control intermediates in cellular 
responses to hormones, growth factors and other environ- 
mental signals [l]. For this reason there has been a great 
deal of interest in determining the regulatory mechanisms 
of pclyamine biosynthesis. Additionally, considerable 
efforts have also been made to develop and examine inhibi- 
tors for polyamine biosynthesis. These inhibitors appear to 
be clinically important in the treatment of cancer [2], and 
they are useful in determining the functions of the poly- 
amines in normal cell growth and differentiation [3]. 

The most widely used inhibitors of polyamine biosyn- 
thesis are difluoromethylornithine, an enzyme-activated 
irreversible inhibitor of ornithine decarboxylase (ODC; 
EC 4.1.1.17) [4] and methyiglyoxal bis(guanylhydrazone) 
(MGBG), a potent inhibitor of putrescine-activated adeno- 
sylmethionine decarboxylase (AdoMetDC; EC 4.1.1.50) 
[5]. MGBG is used very often in potyamine researches 
[6,7], but the severe side effects [8,9] are compromising 
its usefulness. 

In view of the obvious advantages afforded by more 
specific inhibitors of polyamine synthesis, we discovered 
dicycIohexyIamine [lo] and recently synthesized N-chl- 
orosulfonyI-dicyclohexylamine 111) as the inhibitors for 
spermidine synthase. These compounds have been proven 
effective in altering polyamine metabolism in several mam- 
malian and bacterial systems 111-151. 

In the present paper we report that methylglyoxal bis- 
(butvlamidinohvdrazone) fMGBB) exerts its inhibitorv 
effects on three’different’enzymes in the polyamine biosyn- 
thetic pathway. 

Materials and methods 

Chemicals. MGBB was synthesized as described else- 
where [ 161, principally according to the method previously 
published [17]. Dt..-[l-‘4C]ornithine (sp. act. 57.6 mC,/ 
mmole), S-adenosyl-L-[carboxy-i’C]methionine (sp. act. 
58 mC,/mmole) and S-adenosyl-r_-[methyl-‘%lmethionine 
(sp. act. 53.6 mC,/mmoIe) were purchased from New Eng- 
land Nuclear Corp. (Boston, MA). Decarboxvlated S- 
adenosylmethionine, both unlabeled and labeled in the 
methyl group, was prepared by the action of AdoMetDC 
from Escherichia coli (strain B) and purified by chroma- 
tography on Dowex-50:H+ and paper electtophdresis [18]. 
All other chemicals were products of Nakarai Chemicals 
Ltd. 

Enzyme preparations. ODC from Ehrlich ascites tumor 
cells 1191, AdoMetDC from rat liver [20] and spermidine 
and spermine synthases from rat ventral prostate {lo] were 
prepared as described in previous publications. Protein was 
determined by the method of Bradford 1211 using bovine 
serum albumin as a standard. 

_ 

Enzvme assays. The activities of ODC [221, AdoMetDC 
[23), spermidine and spermine synthases [24] were 
measured as described earlier. 

Results and discussion 

MGBB showed the inhibition of ODC, AdoMetDC and 
spermidine synthase activities. To our surprise, this com- 
oound. a derivative of AdoMetDC inhibitor MGBG. 
inhibited ODC more sensitively than AdoMetDC. The 
effect of the concentration of ornithine on the inhibition of 
ODC by MGBB is shown in Fig. 1. This inhibition was 
competitive with ornithine, and the calculated Ki for 
MGBB was 3.5 PM. The K, value for ornithine was esti- 
mated to be 0.33 mM. 
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Fig. 1. Competitive inhibition of ODC by MGBB with 
ornithine as the variable substrate. ODC activity was 
assayed in the absence (0) or presence of 2 (0) or 10 PM 
(A) MGBB, with 0.029-0.232 mM ornithine and 72 ng 

enzyme protein. 
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Figure 2 shows the effect of the concentration of AdoMet 
on the inhibition of AdoMetDC by MGBB. The inhibition 
was competitive with AdoMet. The Ki value for MGBB 
and K, for AdoMet were calculated to be 18 PM and 
0.20 mM. respectively. 

Spermidine synthase. but not spermine synthase. was 
inhibited noncomuetitivelv bv MGBB (Fig. 3). The Ki and 
K, values for MdBB and pitrescine we& Sb and 23-m, 
respectively. Removal of MGBB from the active form of 
spermidine synthase by dialysis restored the activity to that 
found in preparations treated similarly except for exposure 
to the inhibitor. Thus. the inhibition of spermidine synthase 
by MGBB was reversible. 
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Fig. 2. Competitive inhibition of AdoMetDC by MGBB 
with AdoMet as the variable substrate. ADoMetDC 
activity was assayed in the absence (0) or presence of 20 
(0) or 100 @l (A) MGBB, with 0.025-0.2 mM AdoMet 

and 56 pg enzyme protein. 

I/AdoMet (mM_‘) 

Fig. 3. Noncompetitive inhibition of spermidine synthase 
by MGBB with putrescine as the variable substrate. Sper- 
midine synthase activity was assayed in the absence (0) or 
presence of 50 (0) or 200&4 (A) MGBB, with 4O@l 
decarboxylated AdoMet, 0.0125-0.1 mM putrescine and 

82 pg enzyme protein. 

MGBB may construct the homologous conformation to 
L-cu-ornithine as well as to AdoMet, resulting in competitive 
inhibitions of ODC and AdoMetDC. Noncompetitive inhi- 
bition of spermidine synthase using putrescine as the vari- 
able substrate suggested that MGBB bound to the decar- 
boxvlated AdoMet-binding site. 
.I; summary, MGBB was shown to be a potent com- 

oetitive inhibitor of ODC IK. = 3.5 uM1 and AdoMetDC 
iK, = 18 PM), and, to a lksier extknt: it also inhibited 
spermidine synthase (Ki = 80 PM). Spermine synthase was 
not inhibited by this drug. 
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