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ABSTRACT : Recently, many researches for plant alkaloids, one of the largest groups of
natural products, are reported because of their various pharmacological activity. This study was
carried out to clone putrescine N-methyltransferase (PMT) gene which is a key enzyme in
diverting polyamine metabolism towards the biosynthesis of nicotine and related alkaloids from
Burley tobacco. To induce expression of PMT gene in tobacce plant, the floral meristem was
removed and then mRNA was purified from root. cDNA encoding PMT gene was isolated by
RT PCR and cloned. Three different groups of clones were screened by PCR and restriction
enzyme digestion analysis and were characterized. The data of these screening revealed that
three types of PMT are present in Burley tobacco. Comparison of the nucleotide sequence of
this three genes encoding putative PMT with those of other tobaccos revealed that two types of
PMT are newly discovered from Nicotiana tabacum cv. Br2l tobacco and they were same as
PMT2, PMT3 of N. tabacum cv. Xanthi.
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Fig. 1. Biosynthetic pathway of nicotine. Putrescine N-methyltransferase (arrow indicates) is the
key enzyme diverting polyamine metabolism towards the biosynthesis of nicotine and related

alkaloids.
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Burley 21 2ol A Putrescine N-Methyltransferase f+24}s) 224
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Fig. 2. Total RNA isolated from root of Burley
tobacco. Floral meristem of tobacco plant was
eliminated to induce PMT gene expression.
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Fig. 3. Agarose gel electrophoresis analysis of
RT PCR products from Burley tobacco. Template
was total mRNA isolated from root of Burley
tobacco and primers 1F(5'-ggaagtcatatctaccaacac-
3"), 4R(5'-gactcgatcatacttctggcg-3') were used
(lane M: 1kb ladder, lane 1, 2, 3: RT PCR
product).
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Burley 21 gujo] A Putrescine N-Methyltransferase #3412] #24
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Fig. 4. Agarose gel electrophoresis analysis of
second PCR product to confirm the RT PCR
product is not artifacts. RT PCR product was
used as template (lane M: molecular size marker,
lane 1 primer 1F-2R, lane 2! primer 1F-4R, lane
3: primer 1F-5R, lane 4: primer 3F-2R, lane 5:
primer 3F-4R, lane 6: primer 3F-5R).
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Fig. 5. Agarose gel(1.2%) electrophoresis analysis
for confirming RT PCR products were inserted
into vector. PCR was performed purified chimeric
plasmid was used as template and primers 1F(G'-
ggaagtcatatctaccaacac-3') and 4R(5'-gactcgatcatac
ttetggeg-3') were used. (lane M: molecular size
marker, lane 1, 2, 3; PCR products).

1011 12 13 M M

Fig. 6. Restriction enzyme digestion analysis of cloned ¢cDNAs from burley tobacco. Equal
amount of DNA were digested with the restriction enzyme EcoRI, and electrophoresed on
1.0% of agarose in TBE buffer (lane M;1kb ladder, lane l;uncut control, lane 2, 11, 12, 13;
blue colony control, lane 3-lane 10; white colony).
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1 Group 1 --GGAAGTCATATCT ACCAACACAARATGGC TCTACCATCTTCAAG AGTGGTGCCATTCCC ATGAATGGCCACCAT AATGGCACT-—-———- 82
2 Group 2 —-GGAAGTCATATCT ACCRACACAAATGGC TCTACCATCTTCAAG AARTGGTGCCATTCCC ATGAACGGCCACCAA AATGGCACTTCTGAA 88
3 PMT1 ATGGAAGTCATATCT ACCAACACAAATGGC TCTACCATCTTCAAG AATGGTGCCATTCCC ATGAACGGCCACCAA AATGGCACTTCTGAA 90
4 PMT2 ATGGAAGTCATATCT ACCAACACAAATGGC TCTACCATCTTCAAG AGTGGTGCCATTCCC ATGAATGGCCACCAT AATGGCACT—---—— 84
5 PMT3 ATGGAAGTCATATCT ACCAACACAAATGGC TCTACTATCTTCAAG AATGGTGCCATTCCC ATGAACGGTTACCAG AATGGCACTTCCAAA 90
6 PMT4 ATGGRAGTCATATCT ACCARCACAAATGGC TCGACCATCTTCAAG AATGGTGCCATTCCC ATGAATGGCCACCAG AGTGGCACTTCCAAA 90
1 Group 1 TCC ARACACCAAAACGG- ——CCACAAGAATGGG 112
2 Broup 2 CACCTCAACGGCTAC CAGRATGGCACTTCC AAACACCAAAACGGG CACCAGAATGGCACT TTCGRACATCGGAAC GGCCACCAGAATGGG 178
3 PMT1 CACCTCAACGGCTAC CAGAATGGCACTTCC AAACACCAAAACGGG CACCAGAATGGCACT TTCGAACATCGGAAC GGCCACCAGAATGGG 180
4 PMT2 TCC AAACACCAAAACGG- —-CCACAAGAATGGG 114
5 PMT3 CACCAAAACGGCCAC CAGAATGGCACTTCC GAACATCGGAACGGC CACCAGAATGGGATT TCCGAACACCAAAAC GGCCACCAGAATGGC 180
6 PMT4 CACCTCAACGGCTAC CAGAACGGCACTTCC AAACACCAAAACGGC CACCATAATGGCACT TCCGAACATCGGAAC GGCCACCAGAATGGG 180
1 Group 1 A 113
2 Group 2 A 179
3 PMT1 A 181
4 PMT2 A 115
5 PMT3 ACTTCCGA G 189
6 PMT4 ATTTCCGAACACCAA AACGGCCACCAGAAT GGGACTTCCGAACAT CGGAACGGCCACCAG AATGGGATTTCCGAA CACCAAAACGGCCAC 270
1 Group 1 CT TCCGAAC---—-AACA GAACGGGACAATCAG CCTTGATAATGGCAA 156
2 Group 2 A GAACGGGACAATCAG CCATGACAATGGCAA 222
3 PMT1 CA Al GAACGGGACAATCAG CCATGACAATGGCAA 224
4 PMT2 CT TCCGAAC--——AACA GAACGGGACAATCAG CCTTGATAATGGCAA 158
5 PMT3 CA TCAGAACGGCCATCA GAATGGGACAATCAG CCATGACAACGGCAA 236
© PMT4 CAGAATGGGACTTCC GAACACCAAAACGGC CACCAGAATGGGACT TCCGAAC----AACA GAACGGGACAATCAG CCATGACAATGGCAA 356
1 Group 1 CGAGCTAC-- GGGAAACTCCAATTG TATTAAGCCTGGTTG GTTTTCAGAGTTTAG CGCATTATGGCCAGG TGAAGCATTCTCACT 240
2 Broup 2 CGAGCTAC- GGGAAGCTCCGACTC TATTAAGCCTGGCTG GTTTTCAGAGTTTAG CGCATTATGGCCAGG TGAAGCATTCTCACT 306
3 PMT1 CGAGCTAC- GGGAAGCTCCGACTC TATTAAGCCTGGCTG GTTTTCAGAGTTTAG CGCATTATGGCCAGG TGAAGCATTCTCACT 308
4 PMT2 CGAGCTAC- GGGAAACTCCAATTG TATTAAGCCTGGTTG GTTTTCAGAGTTTAG CGCATTATGGCCAGG TGAAGCATTCTCACT 242
5 PMT3 CGAGCTACA( GGGAAGCTCCAACTC TATTAAGCCTGGTTG GTTTTCAGAGTITAG CGCATTATGGCCAGS TGAAGCATTCTCACT 326
6 PMT4 CGAGCTAC-——-~~T GGGAAACTCCAACTC TATTAAGCTTGGTTG GTTTTCAGAGTTTAG CGCATTATGGCCAGG TGAAGCATTCTCCCT 440
1 Group 1 TAAGGTTGAGAAGTT ACTGTTCCAGGGGAA GTCTGACTACCAAGA TGTCATGCTCTTTGA GTCAGCAACTTATGG GAAGGTTCTGACTTT 330
2 Group 2 TAAGGTTGAGAAGTT ACTATTCCAGGGGAA GTCTGATTACCAAGA TGTCATGCTCTITGA GTCAGCAACTTATGE GAAGGTTCTGACTTT 396
3 PMT1 TAAGGTTGAGAAGTT ACTATTCCAGGGGAA GTCTGATTACCAAGA TGTCATGCTCTTTGA GTCAGCAACTTATGS GAAGGTTCTGACTTT 398
4 PMT2 TAAGGTTGAGAAGTT ACTGTTCCAGGGGAA GTCTGACTACCAAGA TGTCATGCTCTTTGA GTCAGCAACTTATGG GAAGGTTCTGACTTT 332
5 PMT3 TAAGGTTGAGAAGTT ACTATTCCAGGGGAA GTCTGATTACCAAGA TGTCATGCTCTTTGA GTCAGCAACATATGG GAAGGTTCTGACTTT 416
6 PMT4 TAAGGTTGAGAAGTT ACTATTTCAGGGGAA GTCTGACTACCAAGA TGTCATGCTCTTTGA GTCAGCAACATATGG GAAGGTTTTGACTTT 530
1 Group 1 BGATGGAGCAATTCA ACACACAGAGAATGG TGGATTTCCATACAC TGAAATGATTGTTCA TCTTCCACTTGGTTC CATCCCAAACCCAAA 420
2 Group 2 GGATGGAGCAATTCA ACATACAGAGAATGG TGGATTTCCATACAC TGAAATGATTGTTCA TCTACCACTTGGTTC CATCCCAAACCCAAA 486
3 PMT1 GGATGGAGCAATTCA ACATACAGAGAATGG TGGATTTCCATACAC TGAAATGATTGTTCA TCTACCACTTGGTTC CATCCCAAACCCAAA 488
4 PMT2 GGATGGAGCAATTCA ACACACAGAGAATGG TGGATTTCCATACAC TGAAATGATTGTTCA TCTTCCACTTGGTTC CATCCCAAACCCARA 422
5 PMT3 GGATGGAGCAATTCA ACACACAGAGAATGG TGGATTTCCATACAC TGAAATGATTGTTCA TCTTCCACTTGGTTC CATCCCAAACCCTAA 506
6 PMT4 GGATGGAGCAATTCA ACACACAGAGAATGG TGGATTTCCATACAC TGAAATGATTGTTCA TCTTCCACTTGGTTC CATCCCAAACCCAAA 620
1 Group 1 AARAGGTTTTGATCAT CGGCGGAGGAATTGG TTTTACATTATTCGA AATGCTTCGTTATCC TACAATCGAAAAAAT TGACATTGTTGAGAT 510
2 Group 2 AAAGGTTTTGATCAT CGGCGGAGGAATTGG TTTTACATTATTCGA AATGCTTCGTTATCC TTCAATCGAAAAAAT TGACATTGTTGAGAT 576
3 PMTL AAAGGTTTTGATCAT CGGCGGAGGAATTGG TTTTACATTATTCGA AATGCTTCGTTATCC TTCAATCGAARAAAAT TGACATTGTTGAGAT 578
4 PMT2 RAAGGTTTTGATCAT CGGCGGAGGAATTGG TTTTACATTATTCGA AATGCTTCGTTATCC TACAATCGAAAAAAT TGACATTGTTGAGAT 512
5 PMI3 AAAGGTTTTGATCAT CGGCGGAGGAATTGG TTTTACATTATTCGA AATGCTTCGTTATCC TACAATCGAAAAAAT TGACATTGTTGAGAT 596
6 PMT4 AAAGGTTTTGATCAT CGGCGGAGEAATTGG TTTTACATTATTCGA AATGCTTCGTTATCC TACAATCGAAAAAAT TGACATTGTTGAAAT 710
1 Group 1 CGATGACGTGGTAGT TGATGTATCTAGAAA ATTTTTCCCTTATCC GGCAGCTAATTTTAA CGATCCTCGTGTAAC CCTAGTCCTTGGAGA 600
2 Group 2 CGATGACGTGGTAGT TGATGTATCCAGAAA ATTTTTCCCTTATCT GGCAGCTAATTTTAA CGATCCTCGTGTAAC CCTAGTTC TCGGAGA 666
3 PMT1 CGATGACGTGGTAGT TGATGTATCCAGAAA ATTTTTCCCTTATCT GGCAGCTAATTTTAA CGATCCTCGTGTAAC CCTAGTTCTCGGAGA 668
4 PMT2 CGATGACGTGGTAGT TGATGTATCTAGAAA ATTTTTCCCTTATCT CGCTGCTAATTTTAA CGATCCTCGTGTAAC CCTAGTCC"TGGAGA 602
5 PMT3 CGATGACGTGGTAGT TGATGTATCTAGAAA ATTTTTCCCTTATCT TGCTGCTAATTTITAG CGATCCTCGTGTAAC CCTAGTCCTTGGAGA 686
6 PMT4 CCATGACGTGGTAGT TGATGTATCTAGAAA ATCTTTCCCTTATCT CGCAGCTAATTTTAA TGATCCTCGTGTAAC CCTCGTTCTCGGAGA 800
1 Group 1 TGGGGCTGCATTTGT AAAGGCTGCACAAGC AGAATATTATGATGC TATTATAGTGGACTC TTCTGATCCCATTGG TCCAGCAAAAGATTT 690
2 Group 2 TGGAGCTGCATTIST AAAGGCTGCACAAGC GGGATATTATGATGC TATTATAGTGGACTC TTCTGATCCCATTGG TCCAGCAAAAGATTT 756
3 PMTL TGGAGCTGCATTTGT AAAGGCTGCACAAGC GGGATATTATGATGC TATTATAGTGGACTC TTCTGATCCCATTGG TCCAGCAAAAGATTT 758
4 PMT2 TGGGGCTGCATTTGT AAAGCCTGCACAAGC AGAATATTATGATGC TATTATAGTGGACTC TTCTGATCCCATTGG TCCAGCAAAAGATTT 692
5 PMI3 TGGGGCTGCATTIGT AAAGBCCGCACAAGC AGGATATTATGATGC TATTATAGTGGACTC TTCTGATCCCATTGG TCCAGCAAAAGACTT 776
6 PMT4 TGGGGCTGCATTTGT AAAGGCTGCACAAGC AGGATATTATGATGC TATTATAGTGGACTC TTCTGATCCCATTGG TCCAGCAAAAGATTT 890
1 Group 1 GTTTGAGAGGCCATT CTTTGAGGCAGTAGC TAAAGCCCTAAGGCC AGGAGGAGTTGTATG CACACAGGCTGAAAG CATTTGGCTTCATAT 780
2 Group 2 GTTTGAGAGGCCATT CTTTGAGGCAGTAGC CAAAGCCCTTAGGCC AGGAGGAGTTGTATG CACACAGGCTGAAAG CATTTGGCTTCATAT 846
3 PMT1 GTTTGAGAGGCCATT CTTTGAGGCAGTAGC CARAGCCCTTAGGCC AGGAGGAGTTGTATG CACACAGGCTGAAAG CATTTGGCTTCATAT 848
4 PMT2 GTTTGAGAGGCCATT CTTTGAGGCAGTAGC TAAAGCCCTAAGGCC AGGAGGAGTTGTATG CACACAGGCTGAAAG CATTTGGCTTCATAT 782
5 PMT3 GTTTGAGAGGCCATT CTTTGAGGCAGTAGC CAAAGCCCTARGGCC AGGAGGAGTTGTATG CACACRGGCTGAAAG CATTTGGCTTCATAT 866
6 PMT4 GTTTGAGAGGCCATT CTTTCAGGCAGTAGC CARAGCCCTAAGGCC AGGAGGAGTTGTATG CACACAGGCCGAAAG CATTTGGCTTCATAT 980
1 Group 1 GCATATTATTAAGCA AATCATTGCTAACTG TCGTCAAGTCTTTAA GGGCTCTGTCAACTA TGCTTGGACTACTGT TCCRACATATCCAAC 870
2 Group 2 GCATATTATTAAGCA AATCATTGCTAACTG TCGTCAAGTCTTTAA GGGTICTGTCAACTA TGCTTGGACAACCGT TCCAACATATCCCGC 936
3 PMT1 GCATATTATTAAGCA AATCATTGCTAACTG TCGTCAAGTCTTTAA GGGTTCTGTCAACTA TGCTTGGACAACCGT TCCAACATATCCCAC 938
4 PMT2 GCATATTATTAAGCA AATCATTGCTAACTG TCGTCAAGTCTTTAA GGGCTCTGTCAACTA TGCTTGGACTACTGT TCCAACATATCCAAC 872
5 PMT3 GCATATTATTAAGCA AATCATTGCTAACTG TCGTCAAGTCTTTAA GGGCTCTGTCAACTA TGCTTGGACTACTGT TCCAACATATCCAAC 956
6 PMT4 GCATATTATTAAGCA AATCATTGCTAACTG TCGTCAAGTCTTTAA GGGCTCTGTCAACTA CGCTTGGACTACTGT TCCAACATATCCCAC 1070
1 Group 1 CGGTGTGATTGGTTA TATGCTCTGCTCTAC TGAAGGACCAGAAAT TGACTTCAAGAATCC AGTAAATCCAATTGA CAAAGAGACAACTCA 960
2 Group 2 CGBTCTGATCGGTTA TATGCTCTGCTCTAC TGAAGGGCCAGAAGT TGACTTCAAGAATCC AGTAAATCCAATTGA CAAAGACACAACTCA 1026
3 PMT1 CGGTGTGATCGGTTA TATGCTCTGCTCTAC TGAAGGGCCAGAAGT TGACTTCAAGAATCC AGTAAATCCAATTGA CAAAGAGACAACTCA 1028
4 PMT2 CGGTGTGATTGGTTA TATGCTCTGCTCTAC TGAABGACCAGAAAT TGACTTCAAGAATCC AGTAAATCCAATTGA CAAAGAGACAGCICA 962
5 PMT3 CGGTGTGATTGGTTA TATGCTCTGTTCTAC TGAAGGACCAGAAGT TGACTTCAAGAATCC AGTAAATCCAATTGA CARAGAGACAACTCA 1046
6 PMT4 TCGTGTAATTGGGTA TATGCTCTGCTCTAC TGAAGGGCCAGAAGT TGACTTCAAGAATCC AATAAATCCAATTGA CAAAGAGACRACTCA 1160
1 Group 1 AGTCAAGTCCAAATT AGCACCTCTCAAGTT CTACAACTCTGATAT TCACAAAGCAGCATT CATTTTGCCATCTTT CGCCAGAAGTATGAT 1050
2 Group 2 AGTCAAGTCCAAATT AGGACCICTCAAGTT CTACAACTCTGATAT TCACAAAGCAGCATT CATTTTACCATCTTT CGCCAGAAGTATGAT 1116
3 PMT1 AGTCAAGTCCAAATT AGGACCTCTCAAGTT CTACAACTCTGATAT TCACAAAGCAGCATT CATTTTACCATCTTT CGCCAGAAGTATGAT 1118
4 PMT2 AGTCAAGTCCAAATT AGCACCTCTCAARGTT CTACAACTCTGATAT TCACAAAGCAGCATT CATTTTGCCATCTTT CGCCAGAAGTATGAT 1052
5 PMT3 AGTCAAGTCCAAATT AGCACCTCTCAAGTT CTACAACTCTGATAT TCACAAARGCAGCATT CATTTTGCCATCTTT CGCCAGAAGTATGAT 1136
6 PMT4 AGTCAAGTCCARATT AGCACCTCTCAAGTT TTACAATTCTGATAT TCACAAAGCAGCATT CATTTTGCCATCTTT CGCCAGAAGTATGAT 1250
1 Group 1 CGAGT -——— 1056

2 Group 2 CBGAGTC-—-- 1122

3 PMTL CGAGTCTTAA 1128

4 PMT2 CGAGTCTTAR 1062

5 PMT3 CGAGTCTTAA 1146

6 PMT4 CGAGTCTTAA 1260

Fig. 7. Alignment of the nucleotide sequence of PMT genes from Burley tobacco with those
of PMT genes from Xanthi tobacco. Sequence data were obtained from GeneBank, listed and
aligned using ClustalW.
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AztE et o9l 2 A= Nicotiana tabacum
cv. Br212 N, longiflora % N. glutinosas
Nicotiana 42| t}& Z3 mulsle] Jolzl EFY
A= 7]l LR PMT o]2]ol] 43k 27 o)A+
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