
http://www.tarweed.com/pgr/PGR96-007.html Plant Gene Register PGR96-007 Tuesday, July 20, 1999

Page: 1

Plant Gene Register PGR96-007
Sanggyu Park and Robert Thornburg (1996) Isolation and characterization of a proteinase inhibitor II
gene that is not wound-inducible (Accession No. U45450). (PGR96-007). Plant Physiol. 110: 1048 

Isolation and characterization of a proteinase inhibitor II gene
that is not wound-inducible (Accession No. U45450).
Sanggyu Park and Robert Thornburg (*) 

Department of Biochemistry and Biophysics, Iowa State University, Ames, Iowa 50011 

Current Address: Sanggyu Park, Dept. of Agricultural Chemistry, Taegu University, 15 Naeriri,
Jinryang-myon, Kyongsan-gun, Kyungsangbuk-do, 713-714, S. Korea 

(*) Corresponding author: Robert Thornburg
Phone 1-515-294-7885
FAX 1-515-294-0453
email thorn@iastate.edu 

Journal Paper No. J-16698 of the Iowa Agriculture and Home Economics Experiment Station, Ames, Iowa.
Project No. 3202 

From a Russet Burbank Potato DNA library, we have isolated several proteinase inhibitor II genes (pin2).
One of these, pin2T, was subcloned, and a 2068 nucleotide insert was sequenced. This fragment contained
the complete Inhibitor II gene including 1013 bp of the flanking DNA upstream from the gene and 454 bp of
flanking DNA downstream from the gene. The open reading frame encodes a protein similar to other reported
Proteinase Inhibitor II proteins (Graham et al., 1985). The DNA sequence of the 5' flanking region of pin2T
from -714 to +1 is highly homologous (Table 1) with that of the previously isolated wound-inducible pin2K
(Thornburg et al ., 1987). There are however, four small deletions [22 bp (-221..- 200), 20 bp (-263..-254),
65 bp (-523..-426), and 52 bp (- 759..-708)] in the pin2T promoter. 

Chimeric constructs containing the pin2T promoter (-1012 to +24) linked to chloramphenicol acetyl
transferase (CAT; pRT198) and b-glucuronidase (GUS; pRT193). Promoter deletions were also prepared at
various restriction enzyme sites in the promoter, and GUS constructs were made pRT192, -777 to +24;
pRT191, -657 to +24; pRT196, -417 to +24; and pRT194, -198 to +24. Nicotiana tabacum  cv Xanthi was
transformed to kanamycin resistance by Agrobacterium tumefaciens  containing each of the transgenes. The
presence of the transgenes was verified by PCR. CAT (Gorman et al ., 1982) or GUS (Jefferson 1989)
analyses of these plants indicated that pin2T is not a wound-inducible gene, but is expressed at low levels.
The promoter deletions did not affect the mode of expression. All plants showed low constitutive expression
and were not wound-inducible. These transgenic plants were not capable of being induced by sucrose, or
ABA, nor were the genes derepressed by low auxin concentrations. 

The nucleotide sequence of the pin2T promoter is highly homologous (91% identity) with that of the
wound-inducible pin2K from -767 to +29. Yet the pin2T promoter was neither induced by mechanical
wounding, nor by various biochemicals known to induce the expression of the wound-inducible pin2K. This
weak promoter activity was not due to the presence of silencer sequences in the upstream region of the pin2T
promoter because removal of upstream portions of pin2T promoter did not activate the remaining core
promoter. Rather, the loss of sequences in the four small promoter deletions are likely responsible for the loss
of enzyme activity. 

Three independent studies have examined the promoter of the potato Inhibitor II genes (Keil et. al., 1990;
Palm et. al., 1990; Lorberth et al ., 1992). Some discrepancy exists in these studies, but the net results show
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that sequences controlling the wound-inducible phenotype are localized between -557 and -506. This region of
overlap is deleted (-523..-426) in the promoter of the noninducible pin2T gene. 
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Table 1. Characteristics of the Potato Proteinase Inhibitor II T gene 

Organism: 
Solanum tuberosum  

Gene Product: 
Proteinase Inhibitor II, inhibits the enzymatic action of trypsin and chymotrypsin 

Characteristics of the gene: 
The sequenced DNA fragment of the pin2T gene was 2068 nucleotides covering the entire pin2T
structural gene, 1013 nucleotides of the 5' upstream region, and 454 nucleotides of the 3'
downstream region. By matrix analysis, the sequence of the pin2T promoter shows 91% identity with
the pin2K promoter (Thornburg, et al ., 1987). 

 Upstream Region -- 1013 Nucleotides (1..1013) 
 Putative promoter elements:
 Direct Repeats
 No large repeated regions were identified in the pin2T promoter 
 by matrix analysis. Several small (15 bp or less) direct repeats 
 were identified if mismatches were allowed. 

 Hairpin Loops
 2 hairpin loops with stems equal to 10 bp were detected. 
  1) 1 mismatch - (555..564) - (573..582)
  2) 1 mismatch - (898..907) - (908..917)

 TATA box
 (978..990) (10/13) to canonical plant TATA box (Joshi, 1987a)

 bZIP Binding Sites (ACGT)
 104, 144, 544

 5' end of pin2T cDNA -- nucleotide 1014 (based upon homology with 
 tomato Proteinase Inhibitor II cDNA (Graham, et al ., 1986). 
 5' untranslated region -- 44 nucleotides (1014..1057) 
 ATG start codon -- 1058..1060 
 Intron 1 -- 113 Nucleotides (1110..1222) 
 TAA stop codon -- 1612..1614 
 3' untranslated region -- 454 Nucleotides (1615..2068) 
 putative polyadenylation signals: (Joshi, 1987b)
  AATAAG -- (1912..1917)
  CAYTG -- 1 mismatch (1905..1909)
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