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Ornithine decarboxylase in the crude extract from the kidney 
of androgen-treated mice was labeled by reaction with radioactive 
a-difluoromethylornithine and analyzed by sodium dodecylsulfate- 
polyacrylamide gel electrophoresis followed by autoradiography. 
Two species of ornithine decarboxylase with molecular weights of 
54,000 and 52,000 were observed in the crude extracts from BALB, 
C57BL, C58, SJL, and dd mice but only the species with a molecu- 
lar weight of 54,000 was observed in the crude extracts from AKE 
and C3H mice, indicating strain-specific occurrence of at least 
two species of mouse ornithine decarboxylase. 0 1988 Academic FTess, Inc. 

ODC (EC 4.1.1.17) is the first and rate-limiting enzyme in 

polyamine biosynthesis (I-4) and therefore the regulatory mecha- 

nism of the enzyme activity is very important. We purified ODC 

to homogeneity from the liver of thioacetamide-treated rat (5) 

but it was difficult to obtain the amounts of the enzyme suffi- 

cient for studying the molecular properties of the enzyme in 

detail, because the content of the enzyme in the rat liver was 

very low. Since the content of the enzyme in the kidney of 

androgen-treated mouse was known to be very much higher than that 

in the rat liver (6,7), we purified the enzyme from the mouse 

kidney to further define the molecular properties of the enzyme 

(8). Our purified preparation from the mouse kidney showed two 

protein staining bands on SDS-polyacrylamide gel electrophoresis, 
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both of which were labeled by reaction with radioactive DFMO, an 

enzyme-activated irreversible inhibitor (9,lO). In contrast, 

Seely et al. (11) reported that the enzyme purified from the 

mouse kidney gave a single protein band on isoelectric focusing 

and on SDS-polyacrylamide gel electrophoresis. Isomaa et al. 

(12) demonstrated that the purified mouse kidney ODC gave a single 

protein band on SDS-polyacrylamide gel electrophoresis with an 

apparent molecular weight of 54,000 but showed charge heteroge- 

neity with isoelectric points in the p1 range of 4.7-4.9. On 

the other hand, Pulkka et al. (13) reported that the purified 

mouse kidney ODC gave two bands on SDS-polyacrylamide gel elec- 

trophoresis with molecular weights of 53,000 and 51,000 and 

discussed the possibility that 51-kDa species was produced from 

53-kDa species by proteolysis. Persson et al. (14) also demon- 

strated the possibility that mouse kidney ODC (55 kDa) was 

degraded to a smaller size (53 kDa). 

The present communication provides evidence that size 

heterogeneity of mouse kidney ODC did not occur as a result of 

proteolysis of the enzyme but occurred depending upon the strains 

of the mouse. 

EXPERIMENTAL PROCEDURES 

DL-[l-l4 ClOrnit 
9 

ine (57 Ci/mol) was purchased from Amersham 
International. [5- H]DFMO (11.1 Ci/mmol) was obtained from New 
England Nuclear. Microbial protease inhibitors (antipain, 
leupeptin, chymostatin, and pepstatin) were from the Peptide 
Institute, Osaka, Japan. Ampholine was from LKB. Rabbit 
muscle phosphorylase b, bovine serum albumin, and ovalbumin were 
from Sigma Chemical Co. Rabbit muscle lactate dehydrogenase was 
from Boehringer Mannheim. Fuji X ray film (RX) was from Fuji 
Photo Film Co. 

Adult male ddY and dd mice (outbred strains) were obtained 
from Shizuoka Laboratory Animal Center, Shizuoka, Japan, and 
Animal Laboratory, Asahikawa Medical College, respectively. 
Adult male AKR/J, C3H/HeJ, BALB/c, C57BL/6, C58/J, and SJLfJ mice 
(inbred strains) were obtained from Animal Laboratory, Asahikawa 
Medical College. 

Rat liver ODC was purified from the liver of thioacetamide- 
treated rats as described previously (5). Mouse kidney ODC was 
purified from the kidney of androgen-treated mice as described 
previously (8). The activity of ODC was determined by measure- 

451 



Vol. 151, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ment of rate of 14C0 evolution from L-[l-14Clornithine as des- 
cribed previously (5 f . One unit of the enzyme was defined as 
the amount of enzyme which catalyzed the release of 1 nmol of CO2 
from L-ornithinelmin at 37'C. 

Analytical polyacrylamide gel electrophoresis in the pres- 
ence of SDS was performed on 10% acrylamide gels essentially 
according to the procedure of Weber and Osborn (15) in the pres- 
ence of 8 M urea. After electrophoresis, the gel was stained 
for protein with Coomassie brilliant blue R-250. 

Polyacrylamide gel electrofocusing was performed on 5% 
acrylamide gels containing pH 3.5-10 Ampholine (2%) and 8 M urea 
essentially according to the procedure described by Wrigley (16). 
Electrophoresis was carried out at 0.25 watt per gel for 5 h in a 
cold room. Protein samples were electrophoresed from cathode to 
anode. After electrofocusing a gel was sliced into 2-mm 
sections and each piece was placed into a test tube containing 
0.5 ml of water. After standing for 1 h at 4'C with shaking, 
the pH of water extract of each piece was measured. A parallel 
gel was stained for protein with Coomassie brilliant blue G-250 
(17). 

[5-'HIDFMO-labeled samples were analyzed by SDS-polyacryl- 
amide gel elecSrophoresis followed by autoradiography. The 
binding of [S- HIDFMO to ODC was carried out as described previ- 
ously (18), except that the concentration of ethyleneglycol was 
lowered to 5% and microbial protease inhibitors (antipain, leu- 
peptin, pepstatin, and chymostatin) were added to a final concen- 
tration of 20 ug/ml each, and the sample was subjected to SDS- 
polyacrylamide gel electrophoresis according to the method of 
Laemmli (19) on a 10% polyacrylamide gel. After electrophore- 
sis, the gel was stained for protein with 0.01% Coomassie bril- 
liant blue R-250, destained, soaked for 30 min in 1 M sodium 
salicylate (20), dried in vacua on filter paper for 2 h at 70°C 
and then exposed to Fuji X ray film (medical) for 5 days at 
-80°C. 

Protein was determined spectrophotometrically by the method 
of Lowry et al. (21) as modified by Peterson (22) with bovine 
serum albumin as a standard. 

RESULTS AND DISCUSSION 

When the crude extracts from kidneys of a variety of mouse 

strains were allowed to react with radioactive DFMO and analyzed 

by SDS-polyacrylamide gel electrophoresis followed by autoradio- 

graphy, two radioactive bands with apparent molecular weights of 

54,000 and 52,000 were observed with the crude extracts from 

BALB, C57BL, C58, SJL, and dd mouse strains but a single band 

with an apparent molecular weight of 54,000 was observed with the 

crude extracts from the other strains, AKR and C3H, as shown in 

Fig. 1. These results suggest that size heterogeneity observed 
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1. Fig. SDS-polyacrylamide gel electrophoresis of [3HJDFMO- 
labeled ODC of the crude extract from the kidney of various 
strains of the mouse. The fresh kidney from AKR, BALB, C3H, 
C57BL, C58, SJL, and dd mice, which were given testosterone as 
described previously (8), was homogenized in 3 volumes of a 
solution consisting of 0.25 M sucrose, 1 mM EDTA, 10 mM 2-mercap- 
toethanol, 0.1 mM pyridoxal phosphate, 5 ug each/ml of microbial 
protease inhibitors such as antipain, leupeptin, pepstatin, and 
chymostatin, and 10 mM sodium phosphate buffer (pH 7.0) in a 
Potter-Elvehjem homogenizer. The homogenate was centrifuged at 
105,000 X g for 1 h. The supernatant ( rude extract) containing 
0.6-1.0 unit of ODC was incubated with [ 5 HIDFMO as described 
under UExperimental Procedures" and then analyzed by SDS-poly- 
acrylamide gel electrophoresis followed by autoradiography. The 
radioactive bands (A) and protein bands (B) were visualized by 
fluorography and Coomassie brilliant blue, respectively. Molecu- 
lar weight markers are phosphorylase b (Mr = 94,000), bovine serum 
albumin (Mr = 68,000), ovalbumin (Mr = 45,000) and lactate dehy- 
drogenase (Mr = 36,000). 

in mouse kidney ODC may occur depending upon the strains of the 

mouse, since it has been established that DFMO is an irreversible 

ir,hibitor specific for ODC acting via an enzyme-activated 

'suicide' mechanism (9,lO). On the other hand, there are some 

reports (13,141 demonstrating the possibility that the heteroge- 

neity is due to the proteolytic degradation of ODC. To rule out 

this possibility, the crude extract from the kidney of androgen- 

treated dd mice was incubated at 37'C in the presence or absence 

of protease inhibitors and the electrophoretic behavior of the 

species reacting with DFMO was examined as shown in Fig.2. The 
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Fig. 2. SDS-polyacrylamide gel electrophoresis of [;'H]DFMO- 
labeled ODC of the crude extract which was incubated in the 
presence and absence of protease inhibitors. The fresh kidney 
from androgen-treated dd mice was homogenized as described in the 
legend for Fig. 1 in the presence (I) or absence (II) of the 
microbial protease inhibitors. The crude extract obtained by 
centrifugation for 1 h at 105,000 x g was incubated for 0 
0.5 (2), 5" 1 (3), and 3 h (4) at 37'C, then incubated with [ Hl- 
DFMO, and then analyzed by SDS-polyacrylamide gel electrophore- 
sis followed by autoradiography. The radioactive bands (A) and 
protein bands (B) were visualized by fluorography and Coomassie 
brilliant blue, respectively. 

electrophoretic behavior of [3HlDFMO-labeled species did not vary 

before and after incubation as well as in the presence and ab- 

sence of protease inhibitors, suggesting that the 52-kDa species 

was not produced from the 54-kDa species by proteolysis. 

When we previously purified ODC from the kidney of androgen- 

treated ddY mouse, a strain very similar to dd mouse, the puri- 

fied ODC showed two protein staining bands molecular weights 

of 54,000 and 52,000 on SDS-polyacrylamide gel electrophoresis 

(8). In contrast, ODC purified from the kidney of androgen- 

treated AKR mouse, the crude extract of which showed a single 

radioactive DFMO-labeled band as shown in Fig. 1, according to 

the same procedures as described previously (8) showed a single 
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Fig. 3. SDS-polyacrylamide gel electrophoresis of ODC purified 
from the kidney of AKR and ddy mice. Approximately 0.64 ug of 
ODC purified from the kidney of androgen-treated AKR mice (A), 
0.69 ug of ODC purified from the kidney of androgen-treated ddy 
mice (B), and both (C) were applied to each gel. The arrows 
indicate the bromphenol blue dye front. 

protein staining band as shown in Fig. 3A, the mobility of which 

was the same as that of the DFMO-labeled band of the crude ex- 

tract and also the same as that of the slower migrating one (54 

kDa) of the two protein bands of the purified ODC from ddY mice 

as shown in Fig. 3C. Thus, the electrophoretic behavior of ODC 

on SDS-polyacrylamide gel electrophoresis appeared to be the same 

before and after purification of the enzyme. ' 

Polyacrylamide gel electrofocusing of the purified AKR mouse 

ODC revealed two protein staining bands with isoelectric points 

of around 6.0 and 5.8 as shown in Fig. 4A. On the other hand, 

electrofocusing of the purified ddY mouse ODC showed not only the 

two same bands but also two bands with very close isoelectric 

proteins around 5.7 as shown in Fig. 4B, in agreement with our 
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Fig. 4. Polyacrylamide gel electrofocusing of OLIN purified 
from the kidney of AKR and ddY mice. Approximately 6.5 ug of 
ODC purified from the kidney of androgen-treated AKR mice (A), 
7.2 pg of ODC purified from the kidney of androgen-treated ddY 
mice (B), and both (C) were focused as described under "Experi- 
mental Procedures." 

earlier observation (8). Thus, mouse kidney ODC appeared to 

show size and charge heterogeneity occurring depending upon the 

strains of the mouse. 
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