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ABSTRACT 

ODC activity of the altered proteins was measured and 

compared to that of the full length 461 amino acid containing ODC. 

Mouse ODC cDNA sequences were deleted from either 5' or 3' ends 

using exonuclease III and Mung Bean nuclease treatments. An internal 

DNA sequence deletion was obtained by Hinc II and Bel I restriction 

endonuclease digestion of the full length ODC cDNA. Capped mRNAs 

were synthesized in vitro using the resulting deleted DNA as 

templates, and the protein was translated in vitro using a rabbit 

reticulocyte lysate system. The results indicate that the protein in 

which translation initiates at internal AUG start codons resulting 

in deletion of up to 220 amino acids from the amino-termlnus does 

not have any activity. The protein with 39 amino acids deleted from 

carboxy-terminus maintains 12% of the activity, while the proteins 

with greater than 79 amino acids deleted have no activity. An ODC 

protein with an internal deletion from amino acid 290 to 331 and 

which may contain the suspected ornithine binding site has no ODC 

activity. These results suggest that the entire amino acid sequence 

of mouse ODC 1s required for full activity of the enzyme. 
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INTRODUCTION 

Ornithine Decarboxylase 

Ornithine decarboxylase (ODC) (EC. 4.1.1.17) is the first 

and rate-limiting enzyme 1n the blosynthetic pathway of polyamines 

(Pegg and McCann, 1982; Tabor and Tabor, 1984; Pegg, 1986). Figure 1 

shows the structure of polyamines and enzymes that are required for 

each step of the polyamine metabolic synthesis. 

F1g. 1 General pathway for the biosynthesis of polyamines 

in mammalian cells. (1) ornithine decarboxylase, 

(2) spermidine synthase, (3) spermine synthase. 

ODC can convert ornithine into putrescine by releasing C02 in 

the presence of pyridoxal phosphate as a coenzyme. In mammalian 

cells, ornithine is the only source for producing putrescine. This 

implies that ODC is an important key enzyme in regulating the level 

of polyamines in the cells. Most of ODC proteins are found in 

cytosol, but a small fraction of this protein can also be found 1n 

nucleus (Zagon et al., 1983). This protein is present 1n small 

H2N(CH2)3CHCOOHNH2 

Ornithine 
1 2 

Putrescine 

h
2N(ch2)3Nh(ch2)4NH2 

Spermi di ne Spermine 
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amounts of total cellular protein; for example, there is about 

2X10"6% of the soluble protein in uninduced rat liver, and, even 

after the stimulation by thioacetamide, 1t still only represents 

1.4X10"4% (Pritchard et al., 1981). The half life of ODC is among 

the shortest ones which have been identified in mammalian cells. 

This short turnover rate, ranging from 10 to 30 minutes for t1/2, 

can be increased by a variety of stimuli which may Imply its very 

important role in the regulation of cell growth (Tabor and Tabor, 

1984). 

By the method of immunoblotting, two forms of ODC proteins 

have been detected in mouse kidney which have the same molecular 

weight and enzymatic activity but differ slightly in isoelectric 

point (Persson et al., 1984). This may be caused by post-

translational modification or minor sequence differences. Other 

multiple forms of ODC have been reported 1n rat liver (Obenrader and 

Prouty, 1977) and mouse 3T3 cells (Clark and Fuller, 1976). The 

purification of ODC has been done from rat liver (Kameji et al., 

1982). The purified enzyme formed a single band on a non-denaturing 

polyacrylamide gel with the molecular weight 105,000. On SDS-

polyacrylamide gel, it showed a single band of Mr 50,000 D. It has 

an isoelectric point of 4.1. ODC has also been purified to 

homogeneity from androgen treated mouse kidney (Seely et al., 

1982a). This preparation also showed a single band on Isoelectric 

focusing gel, and the dimer molecular weight is about 100,000 which 

contains two 53,000 subunits. 

Because ODC is such a minor component in cellular proteins 
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and 1s very hard to be detected, monoclonal antibodies have been 

developed to both rat liver (Kameji et al., 1982) and mouse kidney 

enzymes (Seely and Pegg, 1983). These antibodies can cross-react 

with ODC from most mammalian cell lines so that they provide a good 

method to identify ODC protein by immunoprecipitatlon or by an 

Immunoblot procedure. 

a-D1fluoromethylornithine (DFMO), which was synthesized by 

Metcalf et al. (1978), is an irreversible suicide inhibitor of ODC. 

This Inhibitor can form a stable covalent bond with ODC which 

inhibits the enzyme activity. Therefore, as a consequence, the level 

of cellular putrescine is significantly reduced. The highly specific 

reaction between ODC and DFMO provides a very useful tool for 

studying the ODC enzyme and the functions of polyamlnes. For 

example, DFMO labelled with [14C] or [3H] can be used to localize 

the distribution of ODC 1n the cell (Pegg et al., 1982), to 

quantltate the protein since it binds in a ratio of 1:1 (Seely et 

al., 1982b; Pritchard et al., 1981), to determine the turnover rate 

(Seely et al., 1982c), to investigate the purity of ODC preparations 

(Seely et al., 1982a) as well as to study the mechanisms of 

regulation in the pathway. 

Recent data indicated that DFM0-res1stant Chinese hamster 

ovary (CHO) cells can overproduce ornithine decarboxylase (Choi and 

Scheffler, 1983). A similar result was obtained by Kahana and 

Nathans (1984) showing that mouse myeloma cells that overproduce ODC 

can be selected in the presence of DFMO. These two pieces of 

evidence suggest that DFMO may also be a promoting agent for 
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amplification of the gene coding for ODC. 

McConlogue et al. (1984) and Gupta and Cofflno (1985) have 

cloned an ODC cDNA from a mutant mouse lymphoma cell line that 

overproduces ODC mRNA via DFMO Induced amplification of the ODC 

gene. Kahana and Nathans (1984 and 1985a) have also Isolated ODC 

cDNA from mouse myeloma cell. The latter cDNA contains 2465 

nucleotides which Include 737-nucleot1de of 5' noncodlng region, 

1383-nucleotlde coding sequence and 342-nucleotide 3' noncodlng 

region. A comparison of these two mouse ODC cDNA sequences showed 

that the 5' noncoding region is homologous only from 190 base pair 

to the start of translation. Kahana's sequence of the 5' 

nonhomolgous region was proved to be due to a cloning artifact. The 

human ODC cDNA has also been cloned from human liver cells (Hickok 

et al., 1987). This clone has 87 bp at 5' noncoding region, 1383 

coding sequence and 346 3' noncoding region. This human ODC cDNA 

sequence has 85% homology to the mouse ODC, and the amino acid 

sequence share 90% homology. The coding region of the cDNA from 

either mouse or human all encode a 461 amino acid protein which has 

a molecular weight of approximately 51 kd. Analysis of the mouse ODC 

sequence reveals that the hydrophobic clusters are in the N-terminal 

two-thirds of the protein, and the remaining one-third at C-term1nal 

are hydrophilic clusters. Ser-303 is the site suspected for 

phosphorylation by casein kinase II (figure 2). The active site of 

ODC has not yet been established. Although Anthony E. Pegg (1986) 

proposed the suspected site for ornithine binding is at Lys-298 as 

discussed later, there is no evidence for this speculation. There 
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Sal I 

310 bp 

Polyadenylatlon 
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Open reading j— 
frame ATG 

ODC cDNA 

1383 bp 

461 amino acid 

Pvu II 
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Figure 2. The ODC gene structure. 

The mouse ODC cDNA sequence as determined from the gene sequence is 
2446 base pairs long. The open reading frame and some Important 
characters are shown as indicated. The Sal I and Pvu II restriction 
sites were converted into EcoR I and BamH I sites in order to 
subclone to expression vector. 
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are two clusters of Internal ATG start coding regions in the same 

reading frame. The first cluster contains three ATG and the second 

cluster contains two ATG codons (figure 2), with the size of the 

polypeptides that they code ranging from 330 to 230 amino acids. 

Rogers et al. (1986) surveyed amino acid sequences of several 

proteins that are relatively rapidly degraded, and they found these 

sequences all contain regions that are rich in proline (P), glutamic 

acid (E), serine (S) and threonine (T). This "PEST" sequence can 

also be characterized as a cluster of negatively charged residues 

surrounded by two positive residues at both ends. For example, 

adenovirus EIA, c-myc, a- and /?-casein proteins which have very 

short half life all contain several PEST regions in their sequences. 

The presence of the PEST region probably results in the rapid 

degradation rate of these proteins. ODC, which has half life of 30 

minutes, also contains two PEST sequences which start from base 960 

and base 1335 (figure 2). This might explains why the ODC has such 

rapid turnover rate in the cells. 

Recently Katz and Kahana (1988) isolated the mouse ODC gene 

from a X phage genomic library. This ODC gene has 12 exons which 

include 310 nucleotides at 5' noncoding region, 1383 nucleotides of 

coding sequence and 331 nucleotides or 753 nucleotides at 3' end 

according to two different polyadenylation sites (figure 2). The 5' 

noncoding region 1s rich in G and C residues which has potential to 

form secondary structure. This secondary structure may be Involved 

in translational regulation. Brabant et al. (1988) also isolated the 

ODC gene from mouse cell line. The study of ODC 5' untranscribed 
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region of this gene Indicated that there is a TATA box at 31-32 bp 

upstream from the start of transcription site, but no CAAT box can 

be found. The strength of ODC promoter was compared to several viral 

promoters by the ability to express chloramphenicol-

acetyl transferase (CAT) gene. The result suggests the ODC promoter 

1s as strong as the Rous sarcoma virus LTR promoter. The cloning of 

the ODC cDNA and the isolation of the gene provides a very useful 

source for studying the ODC regulation mechanism in both In vivo and 

ij2 vitro systems. 

Functions of Polyamines 

Many studies have shown that polyamlnes are essential for 

cell growth. The level of polyamines and ODC activity are higher in 

rapidly growing cells than slowly growing cells. It is very 

difficult to evaluate which biochemical pathway are affected by 

polyamlnes, but, from several mutant studies, we can learn the 

importance of these molecules. For example, a mutation 1n ornithine 

decarboxylase of Saccharomyces cerevisiae was obtained; this strain 

can not make putrescine, spermidine and spermine. In the absense of 

exogeneous polyamines, the strain showed either no growth or a 

decrease in the growth rate (Cohn et al., 1980). The same phenomenon 

has been shown in Neurospora crassa (Paulus et al., 1982). In 

mammalian cells, a mutant of CHO cell line which has severely 

reduced ODC activity has been selected. This cell line needs 

supplemets of polyamines in culture media in order to grow (Steglich 

and Scheffler, 1982). These results show that the polyamines are 
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required for cell viability. 

Polyamines are also involved in the differentiation of 

mammalian cells. For example, spermidine is required for milk 

protein production in cultured mouse mammary gland (Oak et al., 

1981). Blockage of polyamines biosynthesis by DFMO results 1n an 

inhibition effect in early embryonic development (Fozard et al., 

1980). The non-proliferating mouse 3T3-L1 fibroblasts can be 

stimulated to differentiate into adipose cells 1n the presence of 

high level polyamines. If DFMO is added to deplete the polyamine 

content, no differentiatiion can be observed; this result can be 

abolished by the presence of exogeneous spermidine or putrescine 

(Bethel 1 and Pegg, 1981). The results of these experiments support 

the proposition that polyamines are essential for cell proliferation 

as well as the process of cell differentiation. However, the actual 

mechanism(s) is still not clear. 

The level of polyamines and ODC activity are cell cycle 

related. At G1 phase, the level of polyamines and ODC 1s the 

highest. When the cell cycle enters into S phase, the level 

decreases (Fuller et al., 1977). This result implies that polyamines 

may play an important role in DNA synthesis. Several studies of the 

interaction of polyamines with DNA suggest that these mechanisms 

include the enhancement of the Initiation of DNA synthesis, the 

increase of the activity of DNA polymerase, and the movement of DNA 

replication fork. 

It has also been observed that polyamines can stimulate RNA 

synthesis. There is an evidence suggests that the interaction of 
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polyamlnes with RNA is that polyamines can Interact with tRNA and 

organize its structure to convert it to an active form (Cohen, 

1978). 

Hypusine is N6-(4-amino-2-hydroxybutyl)lysine. The only 

protein known to contain hypusine is the eukaryotlc translation 

initiation factor eIF-4D. It is believed that the polyamine 

spermidine is the precursor for donating the aminobutyl group to 

lysine 1n the process of hypusine formation. Gerner et al. (1986) 

studied rat hepatoma cells and suggested that the overall hypusine 

formation is dependent on the endogenous spermidine concentration. 

Though the function of eIF-4D has not been clarified, there seems to 

be a correlation between the post-translational modification of elF-

4D and the rate of cellular growth. Therefore, the level of 

endogenous spermidine may be a basic controlling element for the 

cellular growth rate through the formation of hypusine and 

modification of eIF-4D. 

Stimulation of ODC 

ODC activity can be induced at either the transcriptional or 

the translational level by several agents such as polypeptides, 

amine trophic hormones, cyclic AMP analogs, drugs, trophic steroid 

hormones and the phorbolesters. These inductions can be detected as 

soon as 4 to 5 hours after the stimulation. For example, dally 

injection of testosterone propionate to mice resulted in a Increase 

in both kidney weight and ODC activity. This activity increase can 

be enhanced to 1000 times over the control level in a few days of 
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stimulation (Henningsson et al., 1978). The same effect can be 

observed using androgen or insulin. The effect of a tumor promoter 

agent on ODC activity has also been studied. The 12-0-

tetradecanoylphorbol 13-acetate (TPA) can stimulate ODC activity in 

mouse skin epidermis and 1n a transformed hamster fibroblast cell 

line. The accumulation of mRNA as well as increase the synthesis 

rate of ODC protein by TPA can be detected 15-fold 7 hours after the 

treatment (Gllmour et al., 1985). Protease is another stimulator of 

ODC activity. Experiments by Gerner et al. (1985) showed that the 

ODC protein was activated from 2 to 4 folds when monolayer cells 

were treated with trypsin. 

Regulatory mechanisms for ODC 

Most of the proteins which have short turnover rates have 

very important regulatory functions; this 1s also true for ODC. It 

seems that ODC 1s regulated by multiple factors reacting at 

different levels including transcription, translation, turnover rate 

of protein, post-translation and antlzyme 1nact1vat1on. The special 

features' of each mechanism are discussed below. 

Transcriptional regulation: Evidence has been presented that 

ornithine decarboxylase can be stimulated by several hormones as 

discussed before. Kontula et al. (1984) used a cDNA clone from mouse 

kidney to investigate the regulation of ODC in androgen treated 

mice. They found that, after a single dose injection of androgen, 

the Increase of ODC mRNA can be detected as soon as 6 hours by RNA 



18 

blot hybridization. Continuous treatment for 4 days resulted 1n 10-

to 20- fold increase in ODC mRNA concentration. The increased mRNA 

can not be detected if mice defective in the synthesis of active 

androgen receptors were used. This experiment suggests that ODC 

stimulation by androgen is regulated primarily at transcriptional 

level and reflected 1n increasing ODC mRNA. In fact, the phenomenon 

of ODC mRNA accumulation after androgen stimulation may result from 

Increasing the Initiation of RNA synthesis or decrease the turnover 

rate of the ODC mRNA. A similar result was obtained by Henningsson 

et al. (1978) using testosterone propionate as stimulator. 

Translational regulation: Hormonal stimulation of ODC 

activity may not only be involved 1n Increasing mRNA accumulation, 

but evidence shows that 1t can exert control on the translation of 

the protein. Experiments using female mice treated with testosterone 

showed the ODC protein in the kidney Increased 400-fold in 4 days. 

This increase in ODC protein content can be suppressed by 

cyclohexlmide addition; the enzyme activity also decreased. This 

indicates that there is a direct relationship between the amount of 

ODC protein and hormone stimulation, and that this result 1s not due 

to post-translational modification, or the activation of protein 

Inhibitors or activators involved 1n this regulation (Seely and 

Pegg, 1983). 

It has been observed that level of polyamines can affect ODC 

activity. Experiments showed that if ornithine, the substrate of ODC 

enzyme, was added to cells which have high level of ODC, 1t would 
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completely suppress the further synthesis of ODC protein and 

increased the decay of preexisting ODC (Dircks et al., 1986). The 

ODC mRNA level did not change. This suggests that polyamlnes 

regulate the ODC activity at the post-transcriptional and the 

translatlonal levels. More evidence was provided by Kahana and 

Nathans (1985b) that addition of putrescine to cells that 

overproduce the ODC enzyme resulted in a rapid and specific decrease 

1n the rate of synthesis of ODC. The ODC mRNA content and half life 

of the protein were not affected in this treatment Indicating that 

the polyamines are negatively regulating the ODC translation. 

Kameji and Pegg (1987) used a reticulocyte lysate system to 

study in vitro translation of ODC mRNA isolated from cells by hybrid 

selection. They used gel filtered lysate which depleted polyamines 

in the system to study the influence of different concentration of 

polyamines on mRNA translation. They found that, with 0.2 mM 

spermidine or 20 /*M spermine, maximal synthesis was observed. But, 

if the concentration was Increased to 0.8 mM spermidine or 150 /iM 

spermine, the synthesis of ODC was reduced 70%. Our laboratory has 

synthesized the mRNA from the ODC cDNA in vitro; this cDNA sequence 

is complete except that it has only 68 bp of the 5' untranslated 

region. The RNA was used by Dr. Pegg (Pennsylvania State University) 

in the same experiment. The result is similar to the full length RNA 

isolated from the cells (A. Pegg, personal communication). This 

indicates that the mechanism of the polyamines controlled ODC 

translation does not depend upon the presence of the first 242 bases 

of the 5' noncoding region. 
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Post-translational Control: At the post-translational level 

of regulation, there 1s evidence showing that ODC can be an accepter 

protein for putrescine in the prescence of transglutaminase. The 

transamidation of putrescine to ODC results in the decrease of ODC 

activity (Russell, 1981). However, this evidence needs futher study 

because similar results have not been presented so far. 

Phosphorylation may also be Involved 1n the post-

transl ational modification mechanism of ODC. A protein kinase can be 

copurified with ODC from Ph.ysarum polycephalum. This kinase 

catalyzes phosphorylation of ODC in a polyamine-dependent manner, 

which results in the Inhibition of the ODC activity (Atmar and 

Kuehn, 1981). 

Turnover rate of ODC: Experiments have shown that mice 

treated with androgen have Increased ODC activity up to 60 fold 

(Seely et al., 1982c). As assayed with [14C]DFM0 which binds 

specifically to the ODC protein, this Increased activity was due to 

a decreased rate of degradation of the enzyme. The half life 

increased to about 80 minutes compared to 20 minutes 1n control 

animals. CHO cells have been cultured in a chemically defined media 

which has no detectable polyamine levels. The addition of ornithine 

or putrescine into the media caused the decrease in ODC activity. 

Using [35S]methionine to pulse-label the protein, it was shown that 

the ODC protein disappears (Glass and Gerner, 1986). It was 

suggested that the decrease in ODC activity 1s due to decrease in 
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the level of ODC after polyamlne addition. This experiment suggests 

that polyamlnes can Influence the ODC activity by the mechanism of 

altering the enzyme turnover rate. 

Antlzyme: Fong et al. (1976) first reported the exlstance of 

an Intracellular Inhibitory protein of ODC having a Mr of 26,500 D. 

It seems to be present when exogeneous putresclne is added, and 1t 

will Inhibit the ODC activity even after the serum stimulation. 

Studies of L1210 (mouse leukemia), neuroblastoma, H-35 (rat 

hepatoma) or rat liver cell cultures also found this negative 

control protein upon the addition of putrescine, spermidine or 

spermine. This protein is heat-labile and trypsin sensitive with a 

short half life. It is a noncompetitive inhibitor of ODC activity. 

This protein 1s called "antlzyme" by Heller and the coworkers 

(1976). 

Administration of putresclne to rat HTC cells causes a rapid 

increase of ODC-antizyme complex (Murakami and Hayashl, 1985). 

Through the protein-protein interaction, it is suggested that the 

complex formed 1n the cells increases the degradation rate of the 

ODC enzyme. The antizyme has also been purified to homogeneity from 

rat liver and has a molecular weight of 22,000 D (K1tan1 and 

Fujlsawa, 1984). Macromolecular Inhibitors of antlzyme have been 

found in E. coll (Kyr1ak1d1s et al., 1978) and rat liver (Fujlta et 

al., 1982). This "ant1-antizyme" can reactivate ODC activity by 

replacing ODC in the ODC-antizyme complex. However, this regulatory 

mechanism has not been well understood, and it needs more evidence 
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to support it. 

Amino acid sequences analysis for the ODC activity 

The function of ornithine decarboxylase protein 1n the cells 

is to catalysize ornithine into putrescine by the release of C02. 

The study of this "lock-and-key" relationship of the ornithine 

substrate and the active site on the protein may help us understand 

the mechanism of decarboxylation activity of any decarboxylase and 

also contribute to the future understanding of the biochemical 

function of ODC protein. The most direct information to determine 

this relationship would be from x-ray diffraction analysis. This is 

not available now since it requires crystallization of ODC, and ODC 

is a rare protein. The questions of how the protein folds itself 

into tertiary structure, where the active site for ornithine binding 

is, and how the pyridoxal phosphate (the coenzyme) facilitates the 

activity can not yet be answered. 

A major advance for studying the ODC active site was the 

synthesis of DFMO, an analogue of ornithine, which covalently binds 

at the ornithine binding site on ODC and irreversibly Inhibits the 

protein activity. Use of radiolabeled DFMO provides a good tool for 

finding the biochemical character of ODC. In a recent review paper 

written by Anthony E. Pegg (1986), he mentioned that there is a 

suspected ornithine binding site at lysine residue at position 298 

1n the mouse ODC sequence as determined by the sequence of the cDNA. 

This result comes from an unpublished study using proteinases and 

reagents to cleave radiolabelled DFMO bound protein. This region is 



similar to the amino acid sequence surrounding the active site found 

in the biodegradative ODC of E. coli (Applebaum et al., 1975). 

However, the experimental details and results have not yet been 

reported. Although a lysine residue may be required to bind 

ornithine, the interaction between substrate and the protein may 

Involve not only a single residue but other adjacent sites based on 

the folding of protein structure. So the binding site that Pegg 

suggested needs to be defined in more detail. 

The first step for looking for the active site of ODC is to 

find out what amino acid sequences will be required for having the 

ODC activity. Our labatory obtained the mouse ODC cDNA as a gift 

from Dr. Nathans (John Hopkins University). This cDNA has been 

transferred into pGEM3 vector; using the SP6 or T7 promoters in 

pGEM3, the ODC cDNA can be transcribed In vitro. This mRNA was 

translated using rabbit reticulocyte lysate and the protein product 

was labelled with L-[35S]methionine. The product obtained has 

molecular weight 51,000 D, and it is immunoprecipi table by the ODC 

antibody. This protein made iji vitro still maintains the biological 

activity similar to the isolated protein from mouse kidney cells 

(Glass et al., 1987). The ability to make the protein Jhi vitro and 

to be able to prepare DNA templates harboring deletions of selected 

amino acids has allowed us to approach the study of the amino acids 

required for ODC activity. 

The purpose of the thesis is to understand if the amino acids 

at amino-terminal or carboxy-terminal region are important to 

maintain the ODC activity. To test these hypotheses, DNA sequence 
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deletions from 5' or 3' ends were made by exonuclease III digestion 

so that the protein made from RNA synthesized from these deletions 

are truncated at either end. A plasmid was constructed by 

restriction enzyme digestion from full length ODC cDNA; this plasmid 

deleted 42 amino acids internal in the ODC sequence including the 

suspected ornithine binding site at lysine residue 298. The RNA was 

transcribed from these deletion plasmids and the proteins were 

translated iji vitro. ODC activity from proteins translated from 

these deletions were assayed and compared to the full length ODC. 

The results Indicated that deletion of amino acid sequences from 

both the ami no-terminal or carboxy-terminal ends results in 

significant loss of ODC activity. 
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MATERIALS AND METHODS 

Materials: 

The restriction enzymes were obtained from Promega Biotech 

(Madison, WI), Bethesda Research Laboratories (Gaithersburg, MD), 

and New England Biolabs (Beverly, MA). T4 DNA ligase and DNA 

polymerase I were from New England Biolabs (Beverly, MA). 

Exonuclease III and Mung Bean nuclease were obtained from Stratagene 

(San Diego, CA). The sequencing kit GemSeq K/RT™ and ijn vitro 

transcription riboprobe system were purchased from Promega Biotech 

(Madison, WI). m7G(5')ppp(5')G was purchased from Pharmacia 

(Plscataway, NJ). The rabbit reticulocyte lysate kit was from 

Bethesda Research Laboratories (Gaithersburg, MD). The reagents for 

making polyacrylamide protein gel were purchased from Sigma Chemical 

Corp (St. Louis, MO) and Bio-Rad (Richmond, CA). L-[35S]methionine 

(1220 C1/mmole) was from Amersham (Arlington Heights, IL), a-

[35S]dATP (500 C1/mmole) and L-[l-14C]orn1th1ne (52.4 mC1/mmole) 

were obtained from DuPont NEN (Wilmington, DE). 

Methods: 

Restriction enzyme digestion and DNA agarose gel electrophoresis 

The condition for restriction enzyme digestion followed the 

manufacture specifications. The digestion results were observed on 

agarose gel stained with ethidium bromide after the electrophoresis. 
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The gel was prepared by dissolving the agarose at the desired 

concentration in electrophoresis buffer (40 mM Tris-acetate, 20 mM 

Na acetate, 20 mM EDTA and 0.1 /tg/ml ethldlum bromide). The DNA 

sample was dissolved 1n sample buffer (0.5x electrophoresis buffer, 

0.5% SDS, 5% glycerol and 0.04% bromophenol blue) and ran on the 

agarose gel at 60 mA using the M1ni-Sub™DNA CELL electrophoresis 

apparatus from Bio-Rad (Richmond, CA). The results were recorded by 

photographing the gel 1n short wave UV using Foto UV 300 DNA 

Trans1llum1nator apparatus (Fotodyne Inc., New Berlin, WI). 

Transformation of E. coli 

E. coli DH-5a or KP316 strain was used for the 

transformation. The bacteria cells were grown in LB-broth medium (1% 

tryptone, 0.5% yeast extract and 1% NaCl, pH 7.0) 1n a 37°C shaking 

incubator. After the cells were grown to log phase, they were 

chilled on ice for 10 minutes. The competent cells were prepared as 

following: washed once with cold 0.15 M NaCl, once with cold 30 mM 

CaCl2, suspended in 30 mM CaCl2 and incubated on ice for 60 minutes. 

The transformation were performed by adding the plasmid DNA (40 ng 

to 200 ng) to the competent cells and Incubated on 1ce for another 

one hour. The cells were heat shock at 42°C for one minute. One ml 

LB medium was added to the transformed cells, and they were 

incubated at 37°C for one hour for expression of the ampicillin 

resistant gene. The bacteria were then plated on a LB plate 

containing 35 /ig/ml ampicillin and incubated at 37°C for overnight 

until the ampicillin resistant colonies appeared. 
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Mlnilysate preparation from bacterial colonies 

Transformed E. coli colonies were subcultured 1n 2 ml LB-

ampiclllin (50 /ig/ml) medium and incubated at 37°C for overnight. 

The cells were collected by centrifugation. A volume of 0.25 ml of 

50 mM glucose, 25 mM Tris-HCl, pH 8.0, and 10 mM EDTA containing 

freshly added lysozyme at a concentration of 5 mg/ml was added to 

the cell pellet and kept in room temperature for 5 minutes. A volume 

of 0.5 ml 0.2 N NaOH and 1% SDS was then added and mixed by gently 

inverting the tube. The samples were put on ice for 10 minutes. A 

volume of 0.375 ml cold potassium acetate, pH 4.8 (60 ml 5 M 

potassium acetate, 11.5 ml glacial acetic acid and 28.5 ml water) 

was added last, and the bacterial debris and DNA were removed by 

centrifugation. The plasmid DNA in the supernatnat was percipatated 

by 0.6 volumns of Isopropanol and washed with 70% ethanol. The 

pellet containing plasmid DNA was dried under vacuum and suspended 

in sterial water. 

Deletion of 5' and 3' ODC cDNA sequence 

p0DCGEMAl(+) is the plasmid which has ODC cDNA Inserted Into 

pGEM3 (figure 3). The pGEM3 vector was obtained from Promega Biotec 

(Madison, WI). pGEM3 is 2913 bp long and contains an ampiclllin 

resistant gene, the origin of replication from pBR322 and a 

pUC18-derived multiple cloning region. It also has bacteriophage SP6 

and T7 promoters separated by the multiple cloning site so that this 

vector has advantage for subcloning, sequencing and in vitro 

transcription. The ODC cDNA is 1691 bp long including a 68 bp 
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Figure 3. Structure of plasmids used for making the 5' and 3' ODC 
cDNA deletions by exonuclease III. 
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partial 5' noncoding region starting from Sal I site, 1383 bp coding 

sequence and 240 3' noncoding region to the Pvu II site (figure 2). 

The Sal I and Pvu II were converted to EcoR I and BamH I, 

respectively, and inserted into pGEM3. 

For 3' end DNA deletion of ODC, pODCGEMAl(+) was digested 

with BamH I to produce a 5' overhang for exonuclease III digestion. 

The plasmld was also cut with Kpn I which left an extruded 3' end so 

that the exonuclease III would not digest the promoter region 

(figure 3). The reaction was performed at 30°C according to the 

manufacture specifications for 7 to 15 minutes. It was estimated 

that 60 bases/minute would be removed according to the exonuclease 

III activity. Mung Bean nuclease was added at 3 un1ts//ig DNA to 

digest the remaining single strand DNA according to the manufacture 

specifications. For 5' end deletion, pODCGEMG(-), plasmld which has 

the opposite ODC cDNA orlentiation from pODCGEMAl(+), was used. This 

plasmid was cut with Sma I and Sac I restriction enzymes so that 

exonuclease III would digest only from the Sma I site (figure 3). 

After the plasmids were digested with exonuclease III and 

Mung Bean nuclease, the blunt ends were then ligated using T4 DNA 

ligase (500 Weiss units/ml). The sample was then used to transform 

E. coll DH-5a strain. The cells were plated on LB-amp1c1ll1n (35 

/ig/ml) plates, and the positive colonies (ampr) were picked for 

plasmid Isolation. 

DNA sequencing 

The dideoxy chain-terminating method was used for DNA 
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sequencing (Sanger et al., 1977). The reagents were provided by 

GemSeq K/RT™ sequencing system from Promega Blotec (Madison, WI). 

The plasmid DNA was first denatured by alkali treatment and the 

sequencing procedure was followed using the manufacture suggestions 

using either E. coli DNA polymerase I (Klenow fragment) or AMV 

reverse transcriptase. The DNA was labelled with a-[35S]dATP (500 

Cl/mmole), electroforesed using a 10% DNA sequencing gel with 

subsequent autoradiography using Kodak X- OMAT XAR5 x-ray film. The 

sequencing data from autoradiography was read directly Into the 

GeneMaster computer program (B1o-rad, Richmond, CA). 

Construction plasmid pYODC 

The plasmid pYODC was constructed by removing 129 bp of 

pODCGEMAl(+) DNA sequence from Hinc II to Bel I restriction sites 

(figure 4). The pODCGEMAl(+) was first used to transform E. coll 

KP316 which is a dam" strain so that the Bel I site would not be 

modified by methylat1on. The resulting plasmid was digested with 

H1nc II and Bel I; the large fragment was isolated from agarose gel, 

and a 5' 4 bp extension of Bel I site was filled using dNTP and E. 

coli DNA polyamerase I (Klenow fragment). The blunt ends were then 

Hgated to the Hinc II site using T4 DNA Ugase. With this 

construction, the ODC codon is still in the same frame as full 

length ODC except that amino acids 290 to 331 have been deleted. 

In vitro transcription 

All glassware and microfuge tubes were pretreated with 0.1% 
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Figure 4. The construction of pYODC by removing 129 bp from 
pODCGEMAl(+). 
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diethyl pyrocarbonate (DEPC) and subsequently autoclaved dry. The 

template was prepared by linearizing the plasmid using restriction 

enzyme digestion with subsequent mixing of the DNA (1 /*g/100 /il) 

with transcription buffer [40 mM Tr1s-HCl, pH 7.5, 6 mM MgCl2, 2 mM 

spermidine and 10 mM NaCl, 10 mM dithiothreltol, 0.5 mM each of ATP, 

CTP and UTP, 0.25 mM GTP and 0.5 mM CAP (m7G(5')ppp(5')G)]. RNasIn 

ribonuclease inhibitor was added to prevent any ribonuclease 

activity. SP6 or T7 RNA polymerase (20 units) was added to the 

reaction mixture and incubated for 2 hours. The DNA template was 

then removed by RQ1 DNase treatment for 15 minutes. The capped RNA 

was extracted with phenol/chloroform/1soamylalcohol (24:24:1) and 

precipitated with 1/20 volume of 3M sodium acetate (pH 4.8) and 2 

and half volumes of cold ethanol. The RNA was then collected in 100 

//I from a Sephadex G50 spun column (Maniatis et al., 1982) and 

stored at -80°C. 

In vitro translation 

The capped RNA were translated Iji vitro using rabbit 

reticulocyte lysate system according to the manufacture 

specifications. One /ig of RNA was translated in 30 /<1 reaction 

mixture which included 10 /tl 3x rabbit reticulocyte lysate, 3/il lOx 

protein biosynthesis reaction mixture without methionine (250 mM 

hepes, pH 7.2, 400 mM KC1, 100 mM creatine phosphate, 500 /<M each of 

all common amino acids except methionine) and 1.3 /il 2 M potassium 

acetate, pH 7.2. The protein was labelled with L-[35S]methionine 

(1220 Ci/mmole, 1.4 /*M final concentration). For making cold 



protein, unlabel led methionine was substituted at the same 

concentration. The reaction was Incubated at 30°C for one hour. 

Sodium dodecyl sulfate polyacr.yl amide gel electrophoresis (SDS-PAGE) 

The vertical slab gel apparatus purchased from Hoefer 

Scientific Instruments (San Francisco, CA) was used for protein gel 

electrophoresis. Gels of 12.5% acrylamlde and 0.1% SDS were prepared 

following the procedure described by Laemmll (1970). The samples 

were run at 25 mA constant current for approximately 4 hours; the 

gel was fixed 1n 10% glacial acetic acid and 5% Isopropanol for 1 

hour. The gel was dried for 2 hours using the vaccum slab dryer 

model 483 form Bio-Rad (Richmond, CA), and then exposed to the XAR5 

film for 1 to 3 days. 

ODC activity assay 

After the protein was translated in rabbit reticulocyte 

lysate, ODC assay buffer (0.1 mM EDTA, 1 mM DTT, 0.005 mg/ml 

pyridoxal phosphate, 0.05 M sodium/potassium phosphate buffer, pH 

7.2, 0.1 mM PMSF in isopropanol) was added to a final volume of 200 

/il. L-[l-l4C]-orn1thine (6/*C1, 52.4 mCi/mmole) was mixed with the 

buffer and the reaction was incubated at 37°C for 30 minutes (Glass 

et al., 1987). The released 14C02 was absorbed using a 3MM filter 

paper. The reaction was stopped with 1M citric acid, and the filter 

was dissolved in Omniflor scintillation fluid. The ODC activity was 

calculated by the radioactivity obtained from the filter counted 1n 

a Liquid Scintillation System (Mark II 6847, Searle Analytic Inc.). 



One unit of enzyme activity is defined as 1 nmole of C02 released 

per minute at 37°C. 
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RESULTS 

Ornithine decarboxylase cDNA has been cloned and the gene has 

been isolated. These accomplishments expand the ability for more 

research on ODC. Many studies on the function and regulatory 

mechanlsm(s) of ODC have been reported, but little 1s known about 

the mechanism for the ODC activity. In this report, the ODC amino 

acid sequence was analysized for an understanding of their role in 

ODC activity. Several DNA deletion mutants have been constructed so 

that the proteins produced by transcription and translation of the 

RNA from these templates have the corresponding truncations. The ODC 

activity of these proteins was measured so that the effect of the 

deletions on maintaining the ODC activity can be assessed. 

5' and 3' DNA deletions from ODC cDNA sequence 

The 5' and 3' deletions of ODC DNA were obtained by E. coli 

exonuclease III treatment of the full length ODC cDNA. This enzyme 

recognizes 3'-OH termini on blunt ended or 5' extruded double strand 

DNA and degrades the DNA to mononucleotides from the 3' to 5' 

direction (Weiss, 1976). The BamH I digestion of pODCGEMAl(+) 

provides a 5' overhang for the recognition termini for exonuclease 

III, and the Kpn I digestion of the other end leaves a 3' overhang 

that would not be recognized by the enzyme. pODCGEMG(-) was digested 

with Sma I which resulted in blunt ends for the exonuclease III 

digestion, and the promoter region was protected by resulting 3' 



•••MMVgft, 

36 

extruded ends from Sac I degestion. The amount of removed base pairs 

depends upon the activity of exonuclease III and the reaction time. 

In order to obtain several different lengths, the reaction was 

performed at 30°C, and an aliquot of the reaction mixture was taken 

out every one and half minutes. Figure 5 shows the length of 

digested DNA verse different time points as analyzed by 

electrophoresis in an agarose gel stained with ethidlum bromide. 

Figure 5A is the digestion from 3' end, and the DNA can be observed 

becoming shorter with time of exonuclease III treatment; figure 5B 

is the 5' end digestion verses time. After the digestion, the DNA 

were treated with Mung Bean nuclease. This enzyme degrades single-

strand DNA to mono-or oligonucleotides (Laskowski, 1980). The Mung 

Bean nuclease treatment left the DNA two blunt ends. They were 

religated using T4 DNA ligase. The plasmids were used to transform 

E. coli DH-5a, and the bacteria colonies were selected for 

ampic1ll1n resistance. The positive colonies were picked, and the 

plasmids were isolated from each colony by minilysate procedure. 

Figure 6 1s the example of the uncut plasmids Isolated from 

transformed bacteria; different sizes of plasmids were present due 

to different treatment times with exonuclease III. 

The plasmids obtained by this manipulation were then 

sequenced using dideoxy chain-termination method (Sanger et al., 

1977) in order to determine the exact size of each deleted plasmid. 

The sequencing data were stored 1n GeneMaster DNA sequence program. 

The entire DNA sequence of ODC cDNA is known along with that of 

pGEM3. By comparing the sequencing gel data and the known plasmid 
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Figure 5. Sizing of plasmld DNA after exonuclease III digestion 
verses time. 

The plasmlds were digested with exonuclease III and aliquots were 
taken out verse time. The samples were digested with Mung Bean 
nuclease. The DNA was analysized by 1% agarose gel electrophoresis 
containing 0.1 /*g/ml ethidium bromide and photographed under short 
wave UV light. (A): the picture of ODC DNA 3' end deletion from 
pODCGEMAl(+)f (B): the ODC DNA 5' end deletion from pODCGEMG(-). 
Lane 1 is DNA marker, lane 2 1s undigested plasmld and lane 3 to 6 
and lane 3 to 13, respectively, represent the increasing digestion 
time. 



Figure 6. Deleted plasmids Isolated from the transformed E. coli. 

The plasmids were Isolated from E. coll using minllysate procedure 
as described In Materials and Methods. They were electrophoresised 
on 1% agarose gel and stained with ethidium bromide. Lane 1 is DNA 
marker, lane 2 is original undigested pODCGEMAl(+), lane 3 to 10 
represent different sizes of deletion plasmids. 
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sequence using the DNA sequence analysis program 1n GeneMaster, we 

were able to find out the junction between pGEM3 vector and ODC 

Insert and the base pairs removed 1n each deletion plasmid. Figure 7 

is an example of a sequencing gel. The nomenclature is designed as 

the following: the A3 series are the plasmids that were deleted from 

3' end and G5 series are the plasmids deleted from 5' end; the 

number after that indicated the relative number of base pairs 

removed. 

For 3' end deletion, plasmids were obtained 1n which 80 to 

1059 base pairs were removed. A3A80 and A3A185 were deleted only 1n 

the 31 noncodlng region. A3A515 1s the smallest deletion 1n the 3' 

coding region; 487 bp were deleted. This deletion removes a PEST 

sequence located at the carboxy-terminal end of ODC. Other 3' 

deletion plasmids are A3A650, A3A671 and A3A1059 which were deleted 

621, 647 and 1030 bp, respectively, into the 3' coding sequence. 

For 5' deletion mutants, several plasmids were also obtained 

using exonuclease III. G5A30 and G5A68 have deleted 30 and 68 bp 1n 

5' noncodlng region. G5A146, G5A151, G5A276 and G5A368 have coding 

sequences removed into the 5' region including the first AUG 

translation start codon. In the ODC cDNA sequence, there are two 

clusters of internal AUG start codons located 1n the range of base 

pairs 387 to 417 and 660 to 683 after the 5' orignal start and which 

are in the same frame as full length ODC cDNA. The last four 5' 

deletion plasmids have deleted 270 bp at most into the coding region 

but they still have these internal start sites. The length of each 

deletion mutant is summarized in figure 8 in order to compare the 
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DNA Sequence of Plasmid p0DCA3A650 
at the 3'Junction of ODC with pGEM3 
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Figure 7. DNA sequencing autoradiography of A3A650. 

A3A650 DNA was sequenced using dideoxy chain-termination method and 
labeled with [35S]dATP as described in Materials and Methods. The 
junction between ODC 3' end and pGEM3 sequence 1s indicated. 
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Figure 8. Summary of the A3 and G5 series of deletion plasmids. 
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An internal DNA deletion from ODC cDNA 

Plasmid pODCGEMAl(+) was digested with H1nc II and Bel I 

restriction enzymes, and the larger fragment was Isolated from 

agarose gel. The Bel I site was filled to form a blunt end with DNA 

polymerase I (Klenow fragment) and ligated to the H1nc II site. The 

DNA sequence removed by this construction 1s 129 bp long. This 

region contains several significant features of the protein 

including a suspected ornithine binding site at lysine 298, a 

potential casein kinase II phosphorylation site at serine 303, and 

most of the first PEST sequence. 

This plasmid, pYODC, is 4444 bp long; the truncated ODC 

coding sequence is still in the same open reading frame as the full 

length ODC except the amino acids 290 to 331 have been deleted. 

Several restriction enzyme digestions were performed to check the 

accuracy of plasmid structure. Agarose gel electrophoresis showed a 

576 bp fragment from the pYODC Pst I digestion is smaller than 707 

bp fragment on the same digestion of Al(+). pYODC digested with Hind 

III and BamH I gave a 776 bp fragment which shifts from 907 bp of 

the Al(+) digestion (data not shown). These results show that a 129 

bp fragment has been removed from the original plasmid by this 

construction method. 

In vitro transcription and translation of deletion mutants 

In order to examine if the deletion mutants have the ability 



43 

to produce protein i_n vitro, the plasmids were linearized by 

restriction enzyme digestion. A3 plasmids and pYODC were digested 

with EcoR I which is located at 3' end outside the ODC sequence. 

These templates were transcribed in vitro using SP6 promoter 1n the 

vector sequence. Another template was also prepared by digesting the 

pODCGEMAl(+) with Nco I restriction enzyme. The Nco I restriction 

site 1s 117 nucleotides before the 3' end of ODC coding region. The 

result of transcription from this template is a 1368 base long RNA 

which 1s between the 1763 bases from full length ODC and the 1249 

bases from A3A515. G5 plasmids were linearllzed by Sal I digestion, 

and the T7 promoter was used for transcription in vitro. In Table 1 

1s shown the plasmld length of each deletion mutant, the size of RNA 

and the molecular weight of the protein expected from the Iji vitro 

translation of the RNA. 

Eukaryotic mRNA is capped at the 5' terminus. This is formed 

by the formation of the 5'-5'-pyrophosphate linkage of 

7-methylguanos1ne to either 2'-0-methylguanos1ne or 2'-0-

methyladenosine. The function of capping has not been well 

understood, but it is believed that it is required for efficient 

protein synthesis and protects the mRNA from degradation by nuclease 

(Shatkln, 1976). In the Iji vitro transcription, a capped message was 

synthesized by the addition of m7G(5')ppp(5')guanine 1n the 

synthesis mixture. This capped RNA has better efficiency for 

translation of the protein. Figure 9 is the picture of the result 

from a SDS-PAGE gel which compared the protein that was translated 

In vitro from capped and noncapped RNA derived from p0DCGEMAl(+). 
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Al(+) G5A30 G5A68 G5A146 G5A151 G5A276 G5A368 

Size of RNA 
(base) 

1763 1723 1685 1607 1602 1477 1385 

Number of 
amino acids 

461 461 461 332 
241 

332 
241 

332 
241 

332 
241 

Protein 
(kd) 

51 51 51 37 
27 

37 
27 

37 
27 

37 
27 

Number of 
methionine 
residue 

15 15 15 14 
12 

14 
12 

14 
12 

14 
12 

A3A80 A3A185 
Al(+) 
Nco I A3A515 A3A650 A3A671 

A3A 
1059 pYODC 

Size of RNA 
(base) 

1684 1579 1368 1249 1113 1092 705 1634 

Number of 
amino acids 

461 461 422 382 338 329 201 418 

Protein 
(kd) 

51 51 46 42 37 36 22 46 

Number of 
methionine 
residue 

15 15 12 9 7 4 4 14 

Table 1. The sizes of RNA and protein produced from different 
deletion plasmids. 
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Figure 9. Protein translated in vitro with capped and noncapped RNA. 

EcoR I digested pODCGEMAl(+) was used as a template. Capped and 
noncapped RNA were transcribed Iji vitro as described In Materials 
and Methods. Protein was translated from the RNA using rabbit 
reticulocyte lysate and labeled with [35S]meth1onine as described in 
Materials and Methods. The protein was electrophoreslsed on a 12.5% 
SDS-PAGE gel with subsequent autoradiography. The numbers at the 
right hand site are the molecular weight makers In kllodalton. The 
major band of ODC protein is 51 kd. 



The system used for Iji vitro translation was rabbit reticulocyte 

lysate, and the protein was labeled with L-[35S]meth1on1ne. The 

proteins were then run on a SDS-PAGE protein gel with subsequent 

autoradiography. The results show that, using the same amount of RNA 

for translation, the capped message produced significantly more 

protein than uncapped RNA. 

Figure 10 is the autoradiograph of a SDS-PAGE protein gel of 

the translated product from the capped RNA of the deletion plasmlds. 

A3A80 and A3A185 do not delete into ODC coding region so that they 

make the same length protein as pODCGEMAl(+). The same Is true for 

G5A30 and G5A68. A3A515, A3A650, A3A671 and A3A1059 make smaller 

proteins which have truncated ODC carboxy-termlnal. The approximate 

size of proteins are 42kd, 37kd, 36kd and 22kd, respectively, which 

match the expected molecular weight from the determination of the 

extent of the deletion. The Nco I digested template produces a 46kd 

protein. G5A146, G5A151, G5A276 and G5A368 have lost the first start 

translation codon so the proteins made are translated from the 

second and third clusters of AUG codons. These protein products are 

37kd and 27kd. The protein product derived from pYODC was also 

synthesized In vitro. The protein gel result indicated that the RNA 

made from this internal deletion plasmid can code for a 46 kd 

protein (figure 11). 

ODC activity assay of full length and truncated ODC protein 

From the previous results, it was shown that the deletion 

mutants can be used to make intact, truncated proteins using rabbit 
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Figure 10. In vitro translated protein from the capped RNA derived 
from the deletion plasmlds. 

Proteins were made from the RNA derived from A3 and G5 series of the 
deletion plasmlds as described in the Materials and Methods. They 
were analysizd on 12.5% SDS-PAGE gel as described 1n Materials and 
Methods. The numbers at the right hand site Indicate the molecular 
weight in kilodalton. 
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Figure 11. Protein products derived from pODCGEMAl(+) and pYODC 
capped RNA. 

Proteins were prepared as described in Materials and Methods. They 
were run on a 12.5% SDS-PAGE gel with subsequent autoradiography. 
Molecular weight is indicated at the right hand site 1n kilodalton. 
Lane 1 Is the lysate without RNA addition, lane 2 1s full length ODC 
protein derived from pODCGEMAl(+), and lane 3 is the protein made 
from the pYODC RNA. 
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reticulocyte lysate. To address the question of whether these 

truncated proteins still maintain activity, the ODC activity of the 

proteins were assayed using 14C labeled ornithine. The activity Is 

calculated by the amount of 14C02 released from decarboxylation of 

ornithine. To prove the counts of this 14C radioactivity obtained 1s 

specific for ornithine decarboxylation, the mixture was Incubated 

with lOmM DFMO, an irreversible Inhibitor of ODC, at 37°C for 30 

minutes after the protein was translated. Table 2 compares the cpm 

resulting from ODC activity with or without DFMO treatment. It 

Indicates that, in the presence of DFMO, the counts decreased to the 

background level while the ODC activity 1n the absence of DFMO gave 

8,473 and 14,641 cpm which is equal to 0.0033-0.0057 units 

(nmole/m1n at 37°C). Since the cpm can be Inhibited by ODC 

Inhibitor, 1t 1s affirmed that the counts obtained from the filter 

1s directly from the ODC decarboxylation reaction. 

The activities of the different ODC proteins resulting from 

translation of RNA made with the deletion plasmlds (pYODC, A3A515, 

A3A650, A3A1059 and G5A368) were measured along with the protein 

made from Nco I digestion of Al(+). These activities were compared 

to that of the full length ODC. The activities were compared on the 

basis of equivilent amounts of protein synthesized in vitro. The 

efficiency for translation 1n rabbit reticulocyte lysate are quite 

different from different RNA sources. Even when the same amount of 

RNA, same 1on concentration and same batch of lysate was used, the 

amount of protein translated still varies from one to another; 

therefore the ODC activity was normalized to a fixed quantity of 
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-DFM0 +DFMO 

ODC (1) 14,641 cpm (0.0057 units) 348 cpm 

ODC (2) 8,473 cpm (0.0033 units) 155 cpm 

Table 2. ODC activity assay in the presence and absence of DFMO. 

ODC protein was made In vitro as described in Materials and Methods. 
The ODC activity was measured 1n the presence and absence of 10 mM 
DFMO. A background of cpm from no RNA sample was substracted. A unit 
is defined as nmoles of ornithine decarboxylased/ minute at 37°C. 
The number 1 and 2 indicated two different experiments. 
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each protein. For determining the relative protein produced in each 

lysate, the proteins were translated in the presence of L-[35S] 

methionine and run on an SDS polyacrylamlds gel with subsequent 

autoradiography (figure 12). The density of each protein band was 

measured using video densitometer (Model 620, B1o-Rad laboratory 

Inc.). Since proteins were all labeled with L-[35S]meth1onine, and 

there are different number of methionine residue 1n each truncated 

protein, they would have different 35S incorporation. By comparing 

the absorbance peak of the protein band (figure 13) and by the 

correction of the number of methionine residues in the protein, we 

determined the relative amount of each protein synthesized in vitro. 

A duplicate of in vitro translation of each protein was made using 

cold methionine at the same concentration as that of the 

radiolabeled one (1.4 /*M). The ODC activity was measured from this 

translation as described in Materials and Methods. The results are 

shown on Table 3. The cpm have been corrected so that they are 

normalized to the same amount of protein as pODCGEMAl(+). The data 

indicated that the protein translated from the second and the third 

AUG start codons (G5A368) does not have any activity at all since 

the cpm 1s at the background level. Most of the C-termlnal truncated 

proteins also lost their activities except the one which deletes 39 

amino acids from the 3' end (Nco I cut); this protein maintains 12% 

activity of the full length ODC. The Internal truncated protein 

(pYODC) which might delete the suspected ornithine binding site also 

does not have any activity. 
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Figure 12. Autoradiography of the truncated proteins for the 
measurement of relative quantity by densitometry. 

The proteins were prepared and electrophoresised as described 1n 
Materials and Methods. The molecular weight standard are Indicated 
in kllodalton. (A): lane 1 1s no RNA, lane 2 1s full length ODC, 
lane 3 1s DYODC, lane 4 is pODCGEMAl(+)-Nco I cut and lane 5 Is 
A3A515. (B): lane 1 1s no RNA, lane 2 is full length ODC, lane 3 1s 
G5A368, lane 4 is A3A1059 and lane 5 is A3A650. 
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— , - A ,  r \ T \  V I  

X (m> 

PEAK POSITION M FROM RELATIVE HEIGHT HIDTH AREA REL. AREA AMOUNT 
No. m ORIGIN HOIILITY O.D. m QD.u X TOTAL X SELECTED IN PEAK 

1 131.4 13.9 0.49 1.270 0.67 1.116 37.18 100.00 37.IB 

. W ./v/\>A /v - V .A. „ S^A ^/V ~ «A. -/V\ -» 

PEAK POSITION M FROFL RELATIVE HEIGHT HIDTH AREA 
No. m ORIGIN HOIILITY O.D. m OD.h 

REL. AREA AMOUNT 
X TOTAL X SELECTED IN PEAK 

1 120.0 11.3 0.40 0.930 0.77 0.727 61.26 100.00 61.26 

Figure 13. The protein band absorbance peak from video densitometer. 

The major peak in A is the absorbance of protein band from full 
length ODC protein derived from pODCGEMAl(+); the peak 1n B is the 
absorbance of pYODC protein band. The quantity of absorbance is 

^determined by area OD.mm. 
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Plasmid | Amino acids Deleted 

I 

| cpm 

1 

pODCGEMAl(+) |Ful1 length ODC 

1 

1 

|24,688 (0.0098 units) 

1 

G5A368 

1 

|129 and 220 a.a. from 5' 

I 

1 

| 205 

1 

A3A515 

1 

| 79 a.a. from 3' 

l 

1 

| 69 

1 

A3A650 

1 

|124 a.a. from 3' 

1 

1 

| 103 

1 

A3A1059 

1 

[260 a.a. from 3' 

I 

1 

| 309 

I 

Nco I cut 

1 

| 39 a.a. from 3' 

1 

1 

| 2,685 (0.0012 units) 

1 

pYODC 

1 

| 42 a.a. internal 

1 

1 

| 49 

1 

Table 3. ODC activity assay of the in vitro translated protein 
derived from different deletion mutants of ODC gene. 

Full length and truncated proteins were made in vitro and their ODC 
activity were assayed as described in Materials and Methods. The cpm 
have been substracted from background and a unit is defined as nmole 
of ornithine decarboxylased/minute at 37°C. 
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DISCUSSION 

Ornithine decarboxylase is a rare but important protein 1n 

all organisms so far studied. It catalyslzes the conversion of 

ornithine into putrescine and is a key enzyme 1n controlling the 

intracellular polyamines level (Pegg, 1986). Many studies have been 

reported in an attempt to understand the mechanlsm(s) of regulation 

ODC level and activity, but little is known about the biophysical 

character of the protein and the active site for decarboxylation. 

Here we reported the results of an analysis of amino acid sequences 

in ODC which contribute to the ODC activity. The Iji vitro 

transcription and translation systems presented here provide means 

by which this analysis can be Initiated. The ODC protein that can be 

obtained from 106 cells that have high ODC activity 1s about 30 ng; 

in the rabbit reticulocyte lysate, translation of one /ig RNA 

template can yield approximately 250 ng ODC protein. Thus the Iji 

vitro system has advantages in quantity and specificity. The 

activity of ODC protein made from rabbit reticulocyte lysate 1s 

comparable to that of purified ODC (6xl04 nmole/mg/mln at 37°C) 

(Glass et al., 1987) so that 1t 1s possible to monitor the activity 

change of modified ODC proteins in the in vitro system. 

Using the progress of modern molecular biology techniques and 

the development of computer software, the amino acid composition of 

a protein was predicted after the gene and cDNA were cloned, and the 

DNA was sequenced. But so far it is still unknown how the a-helix 
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and /7-sheet structure will form from the primary polypetlde 

sequence, not to mention the ability to predict the three-

dimensional structure of the protein. There are over 130 proteins 

which have been crystallized, and their tertiary structures have 

been determined by the x-ray diffraction method. Many groups have 

been trying to use the known data to find a rule for the law of 

protein folding by comparing the similarity of the amino acid 

sequences. Unfortunately, there 1s still no particular conclusion 

which can be made (Richardson and Richardson, 1988). The interaction 

of the substrate to the enzyme has a specificity Including the 

binding of substrate to the residue(s) on the active site, the 

coenzyme binding and the making and breaking bonds. The active site 

1s a three-dimensional entity; this increases the difficulty for the 

analysis of the active site structure and its reaction mechanism. 

The secondary structure of ODC protein has been analysized 

using GeneMaster protein analysis program (Bio-rad, Richmond, CA). 

The result obtained from this analysis indicates that there are many 

possible combinations of the a-hel1x and p-sheet structures through 

out the ODC amino acid sequence, and no particular regions can be 

determined as the favorable structure. Although this protein 

computer program can be used to calculate the probability of each 

secondary structure, more experimental data are required to decide 

on an ODC protein model. 

We have made several truncated ODC proteins by deleting 

sequences from the ODC cDNA and assaying, in vitro, the ODC 

activities of these modified proteins. Figure 14 Is the summary of 
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Activity Plasmld ODC gene 

461 a.a* 

100% Al(+) | 1 

39 a.a 

12% Al(+)-Nco I | 1 

79 a.a 

0% A3A515 | 1 

129 a.a 

0% G5A368 I 1 

220 a.a. | 

42 a.a 

0% pYODC | 1 |— 

Figure 14. The ODC activity of different deleted protein compared 
to the full length ODC 
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where and how many amino acids were deleted and a comparison of 

activity. G5A368 is the plasmld which yields RNA templates such that 

the protein 1s translated from the second and the third AUG clusters 

of Internal start codons. This protein had deleted the first 129 or 

228 amino acids at amino-terminal ODC; this truncation inactivated 

the protein. The truncation at the ODC carboxy-termlnal end also 

results in loss of activity. A 39 amino acid deletion at 3' end (Nco 

I cut template) results in a drop to 12% 1n activity. When the 

deletion 1s Increased to 79 amino acids (see A3A515), the activity 

1s totally lost. This result indicats that the amino acid sequences 

at both amino- and carboxy-termlnals are essential for mantalnlng 

the ODC activity. This may be explained by the fact that both ends 

of the protein are required for the proper folding of the protein 

structure. Although the deleted amino acid sequences may not 

necessarily include the residue for substrate binding, they can help 

to fold the protein in a way such that the substrate ornithine or 

the pyridoxal phosphate coenzyme can be bound properly. By the 

deletion of these parts, the conformation will be changed, and the 

protein could lose the allosterlc structure at the active site 

required for the acitvity. The deletion resulting from using Nco I 

truncated DNA template probably does not change the protein 

structure so dramatically, but the affinity of the substrate or 

coenzyme for the enzyme could be decreased to a level resulting in a 

decrease in activity. The internal deletion protein from pYODC does 

not have any activity either. There are two possibilities for 

explaining this. First, this deletion region from amino acid 290 to 
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331 contains the residue for the ornithine bonding as suggested by 

Anthony E. Pegg. With this deletion, no proper residue can react 

with the substrate resulting 1n no activity. The other possibility 

is that the substrate binding site is located outside this region, 

and the deletion simply affects the conformation of the protein. 

Macrae and Coffino (1987) had constructed several plasmlds 

with a series of progressive carboxy-terminal deletion 1n ODC gene. 

They also used Nco I digestion to obtain a 39 amino acids truncated 

ODC protein. Additional three and seven amino acid deletions were 

made by Bal 31 nuclease treatment. These deletion plasmlds were used 

to transform E. coli JM83 strain, and the ODC activity was measured 

from the crude bacteria lysate. The result indicated that the 

activity of the bacteria with 39 amino acids ODC carboxy-terminal 

deletion has 85% of the no deletion control cells. The activity of 

42 amino acids deletion dropes to 48%, and 46 amino acids deletion 

has only 2% activity. Comparing this data to the activity assay from 

in vitro translated protein reported here, the protein derived from 

Nco I digestion template has only 12% of the total activity. This is 

about a 7-fold activity difference. This difference may caused by 

the difference in the assay system. Their experiment was performed 

using the whole cell lysate verses the use of in vitro rabbit 

reticulocyte lysat. The ornithine substrate concentration may differ 

as well as other polyamlnes levels. The truncated ODC protein in the 

E. coli cell may have been modified by post-translational regulation 

so that the protein is more stable. However, these two results 

indicate that the amino acid sequence at carboxy end of ODC protein 
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are required for maintaining the ODC activity, and that minor 

deletions will cause a loss of activity. 

From these data, we realized that almost all amino acid 

sequences in the ODC protein are required for its catalytic 

function. However, it has been reported that the native ODC protein 

Isolated from cells has a molecular weight of 100 kd and contains 

two identical subunits; therefore 1t Is possible the ODC will 

function only as a dimer. Cystein is a very important residue for 

the dimer formation, since 1t provides the sulfhydryl group for the 

building of disulfide bonds making a bridge between two protein 

molecules. Some of the truncated proteins have lost cysteins and/or 

may have change the relative position of these residues. The result 

could be a loss in the ability to form dimers resulting 1n no ODC 

activity. G5A368 protein product has lost 4 cysteins residues at the 

am1no-term1nal end; A3A515 and Nco I digestion both lost the last 2 

cysteins at carboxy-terminal. However the pYODC deletion results 1n 

no loss of cystein residues. The native form of the in vitro 

translated protein can not be Identified by the methods used 1n this 

experiment, since the protein was electrophoresed on the SDS-PAGE 

gels. It was denatured by the SDS and reduced by /7-mercaptoethanol, 

and only the monomer subunit can be observed on the autoradiography. 

In order to determine 1f the activity loss 1n truncated proteins 1s 

the results of the inability to form dimers, further experiments 

using nondenaturing protein gel or sucrose density gradient 

centrifugation to determine the native molecular weight have to be 

done. 
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The active site of some amino acid decarboxylase proteins 

such as lysine decarboxylase, arginine decarboxylase and glutamic 

acid decarboxylase have been studied (Boeker and Snell, 1972) along 

with that of the biodegradatlve ornithine decarboxylase from E. coli 

(Applebaum et al., 1975). These proteins were mixed with pyridoxal 

phosphate and reduced with NaBH4. The amino acids containing 

phosphopyrldoxal-residue were determined by the Edman degradation 

method. The results indicate that the pyridoxal phosphate binding 

site is at the lysine residue, and the amino acid sequence around 

the binding site has strong homology between the argine and lysine 

decarboxylases. The amino acid sequences of human, mouse and 

Trypanosoma brucei (Phillips et al., 1987) ODC proteins were 

compared to the pyridoxal phosphate binding site of the 

blodegradative ODC of E. coli; no significant homologus sequence 

around the lysine residue can be found. The model for the 

interaction of enzyme, coenzyme and substrate was postulated (Boeker 

and Snell, 1972). Using this model for ODC, it was suggested that 

the coenzyme binds at the lysine residue on the protein. The carboxy 

group on the substrate is released by the electron transfer between 

the pyridoxal phosphate and ornithine. A similar mechanism for the 

binding activity has been suggested by Metcalf et al. (1977) using 

DFMO to substitute as the substrate. This model seems to Indicate 

that the substrate and the coenzyme have the same binding site on 

the decarboxylase protein. 

Experiments reported here are the first step to understand 

the mechanism for the ornithine decarboxylase activity. Further 



studies will be required for defining the active site of this 

protein. Using radiolabeled DFMO and proteases or other protein 

cleavage reagents, the substrate binding site can be located. For 

example, CNBr is a reagent that can cleave specifically at 

methionine residue of the protein. The ODC amino acid sequence 1s 

known so that the fragment sizes resulting from CNBr digestion can 

be predicted. The ODC protein can be translated iji vitro and labeled 

with [3H]leucine. After CNBr treatment, the protein Is 

electrophoreslsed on a protein gel; four major fragments ranging 

from 6 to 14 kd should be observed by autoradiography. A similar 

sample 1s prepared in the presence of unlabeled leucine but treated 

with [3H]DFM0. The same digestion is used, and, by comparing the 

[3H]DFM0 labeled fragment from the electrophoresis to the 

[3H]leucine labeled one, the fragment which contains the DFMO 

binding site can be determined. After the range of amino acids for 

substrate binding 1s found, site specific mutagenesis can be used 

for determining which amino acid residue reacts with the substrate. 

By changing the possible binding residue with a different amino acid 

and examining the ability for the substrate binding, the binding 

site can be definied. These experiments can provide a more detail 

picture for the ODC activity mechanism. 

As suggested by Roger et al. (1986), the PEST sequence in the 

ODC may result in the rapald protein degradation. The protein 

derived from the RNA transcribed from pYODC does not have the first 

PEST sequence, and the protein made from the RNA transcribed by 

A3A515 has lost the second PEST sequence. These two plasmids can be 



subcloned into eucaryotic expression vector and transfected into 

mammalian cells. The turnover rate of these truncated ODC protein 

can be measured, and compared to that of the full length ODC 

protein. The relationship between the PEST sequence and the protein 

half life can be determined. 
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