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Determination of Nucleotide Sequence of a Region
Producing Multiple Polygalacturonases from
Erwinia carotovora subsp. carotovora EC1

Jorge JHONCON*, Fukumi SAKAI** and Shinji Tsuyumu***

Abstract

DNA region consists of 1804 bases (b) was shown to produce four polygalacturonases
(Peh) in Erwinia carotovora subsp. carotovora (E.c.c.) EC1. The sequence of this region was
determined in both directions. In this DNA fragment, there was one open reading frame
(ORF1) that encodes for a protein of 402 amino acids with a calculated molecular weight
of 42,646 which is in the range of previously reported molecular weight of E.c.c. Peh. The
sequence of the amino acids deduced from ORF1 showed 909§ homology with that of
reported E.c.c. Peh. A possible signal peptide of 26 amino acids was found. Several shorter
ORF were also found from both strands. Possible role of remaining 595 b for the production
of four Peh was discussed.

(Received October 28, 1993)

Key words: multiple polygalacturonases, Erwinia carotovora subsp. carotovora,
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INTRODUCTION

Erwinia carotovora subsp. carotovora and E. chrysanthemi are the main causal agents of soft-rot of
a variety of cultivated plants. In the host-parasite interaction, these Erwinia species produce a larger
amount of extracellular enzymes, including pectic enzymes, cellulases, proteases, hemicellulases and
phospholipases®!¥. Among them, production of pectic enzymes has been considered as the main factor
that causes plant tissue maceration">'#?®. Though pectate lyase (Pel) has been considered as the main
factor for the development of disease symptom in soft-rot Erwinia species, the role of polygalacturonase
(Peh) has been unclear. Endo-Peh, which cleaves a-1,4-glycosidic linkages of pectate to yield oligomers
of varying sizes, is found in E. carotovora subsp. carotovora and E. carotovora subsp. atroseptica but not
in E. chrysanthemi'V.

It has been reported that most strains of E. carotovora subsp. carotovora (E.c.c.) studied to date
produce one to three endo-Pel isozymes®?%?® and single endo-Peh*4'®, Inactivation of the pek gene of
E.c.c. Ecc71 by marker exchange mutagenesis®® suggests that this strain produces only single endo-Peh
and at least one exo-Peh. The endo-pel and endo-peh genes have been sequenced, and their deduced
amino acid sequences have been reported*”3-1%19),

Previously, we have reported that a clone, pEC301, of E.c.c. EC1 produces four Peh with p/ 9.5, 6.0,
5.6 and 5.0. Here we report the determination of nucleotide sequence of this clone and deduced amino
acid sequence from a possible ORF. From the analysis of the deletions and subclones, the minimum
region required to produce four Peh was found out in 1.8 kb Ksp6321 fragment. The possible mechanisms
were discussed to explain how such a short DNA fragment can produce four forms of Peh.
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MATERIALS AND METHODS

Bacterial strains, phage and plasmids, media and growth conditions.
bacterial strains, phage and plasmids used in this study are given in Table 1. Cells were grown in LB
medium or 2XYT medium?®. When required, the LB medium was solidified with agar (15 g/liter).
Escherichia coli cells were incubated at 37°C. When required, kanamycin (Km) and ampicillin (Ap) was
added at the final concentration of 75 xg/ml and 25 ug/ml, respectively. Polygalacturonate-yeast
extract agar (PYA, pH 6.8) supplemented with 1 mM EDTA was used for the detection of Peh activity.

Table 1. Bacterial strains, phage and plasmids

Descriptions of

Strain, phage or

plasmid Genotype or description Source
Escherichia coli
MV1184 arad (lac-proAB)rpsLthi($80lacZAM15) 14
A(srl-recA)306:: Tnl0(tet™)
F'[ traD36proAB* lacl UacZAM15]
Phage Lambda M13KQ7 18
Plasmids
pUC118 Plasmid for production of single stranded DNA. 16
pEC301 Clone containing a 5.8 kb EcoRI DNA fragment from E.c.c. EC1 This study
. in pUC118.
pEC401 5.8 kb EcoRI DNA fragment from Ecc ECI but in opposite This study
orientation respect to the m.c.s. of pUCI118.
pEC405 1.5 kb Ksp6321-Apall fragment from pEC301 in pUCI118. This study
pEC404 3.4 kb Sall fragment from pEC301 in pUCI118. This study
pEC302 1.8 kb Ksp6321 DNA fragment from pEC301 in pUC118 This study
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Fig. 1. Sequencing strategy for pek genes. The 5.8 kb EcoRI fragment of pEC301 is represented by a solid
black line. The arrows represent determined sequence. Upper arrows correspond to the overlapped
deletions from the left, and lower arrows correspond to the overlapped deletions from the right.
Abbreviations: E, EcoRI; S, Sall; H, HindIll; K, Ksp632I; A, ApaLl
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916 GTG TTC AGC GAT GGT GAC GGT TTC ACC GCG TGG AAA ACC ACG ATC

vVal Phe Ser Asp Gly Asp Gly Phe Thr Ala Trp Lys Thr Thr Ile 218
961 AAA ACG CCA TCT ACC GCC AGA AAC ACC GAC GGT ATC GAT CCG ATG

Lys Thr Pro Ser Thr Ala Arg Asn Thr Asp Gly Ile Asp Pro Met 233
1006 TCA TCA AAG AAC ATC ACC ATT GCC CAC AGT AAT ATT TCG ACG GGC

Ser Ser Lys Asn Ile Thr Ile Ala His Ser Asn Ile Ser Thr Gly 248
1051 GAC GAT AAT GTG GCG ATC AAA GCC TAT AAG GGG CGT TCT GAG ACA

Asp Asp Asn Val Ala Ile Lys Ala Tyr Lys Gly Arg Ser Glu Thr 263
1096 CGC AAT ATT TCC ATT TTG CAT AAT GAA TTT GGA ACG GGA CAT GGC

Arg Asn Ile Ser Ile Leu His Asn Glu Phe Gly Thr Gly His Gly 278
1141 ATG TCG ATC GGT AGC GAA ACG ATG GGA GTT TAT AAC GTG ACG GTC

Met Ser Ile Gly Ser Glu Thr Met Gly Val Tyr Asn Val Thr val 293
1186 GAT GAT CTG GTT ATG ACT GGC ACC ACG AAT GGC TTA CGT ATT AAA

Asp Asp Leu Val Met Thr Gly Thr Thr Asn Gly Leu Arg Ile Lys 308

Nael

1231 AGC GAC AAA TCG GCA GCC GGC GTT GTC AAT GGT GTT CGG TAT AGC

Ser Asp Lys Ser Ala Ala Gly val val Asn Gly Val Arg Tyr Ser 323
1276 AAC GTA GTC ATG AAG AAC GTG GCG AAA CCG ATC GTG ATT GAC ACG

Asn Val Val Met Lys Asn Val Ala Lys Pro Ile Val Ile Asp Thr 338
1321 GTA TAT GAG ABA ARAA GAG GGA AGT AAT GTT CCT GAC TGG AGC GAC

val Tyr Glu Lys Lys Glu Gly Ser Asn Val Pro Asp Trp Ser Asp 353
1366 ATT ACG TTT AAG GAT ATT ACG TCT CAA ACC AAA GGT GTG GTA GTG

Ile Thr Phe Lys Asp Ile Thr Ser Gln Thr Lys Gly Vval val Vval 368

BsmI

1411 CTG AAC GGC GAG AAT GCG ARA BRAG CCG ATA GAA GTG ACG ATG AAG

Leu Asn Gly Glu Asn Ala Lys Lys pro Ile Glu Val Thr Met Lys 383
1456 AAC GTC AAA CTG ACG AGC GAC AGC ACA TGG CAA ATC AAG AAC GTC

Asn Val Lys Leu Thr Ser Asp Ser Thr Trp Gln Ile Lys Asn Val 398
1501 AAC GTT AAG AAA TAA CGC AGT TAC AAA ATC GTT CTA TTA ACT GAT

Asn Val Lys Lys *** —_— hd bl -—
1546 CGT ACC CCG TGG CGC TGC TGT TGT TTG TGC ACT CGT TGT TAC GTT

ApaLI

1591 GCG AGA GTT TAA CCT GCA CGC AGC GCT TCA TTG ACC TTA TTC AGC
1636 GTT TAA TCA GAA TAG TCC ATC ACG CTT TTT TGA CCG GTT TTT ATG
1681 TCC ACG CTG GCG ACC ATG CCC GGC ACG ATG GGG AAT TTT TCC CCG
1726 GCT TTG TTG GTC AGT TCC GCC TGT GTG GTG CGC ACA TAG ATC CGA

1771 ATA ATA ABA CTT GAT CTC GCC TTA CTT CGG CCT G
Fig. 2. Nucleotide sequence of 1.8 kb Ksp6321 fragment and deduced amino acid sequence of ORF1. The
putative Shine-Dalgarno sequence (S.D.), —35 and —10 regions of promoter and KdgR box are
underlined. The potential inverted repeat sequence following the termination codon is indicated by
facing arrows
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Plate assay of polygalacturonate. Subclones producing Peh were detected on PYA in the
presence of 1 mM EDTA as described by Saarilahti et al.'®

General DNA manipulations. Plasmid DNA was isolated and manipulated by using standard
techniques?®. Restriction enzymes, T4 DNA ligase and related reagents were purchased from Nippon
Gene, New England Biolab and Boehringer Mannheim.

Sequence of the peh genes. Plasmids pEC301 and pEC401 contains the 5.8 kb EcoRl DNA
fragment inserted in different orientations on pUC118. Series of deletions of the insert in pEC301 and in
pEC401 were constructed by digestion with Exonuclease III using a deletion kit (Takara Shuzo). The
nucleotide sequence of these deletions was determined by automatic sequencer (Applied Biosystems
Model 370A). Ambiguous portions were rechecked manually by dideoxy chain termination method?®252?”
using [@-32P] dCTP. Edition of DNA sequence and of deduced protein sequence was performed by
GENETYX (SDC). Homology search was done by GENETYX-CD (SDC).

RESULTS

Nucleotide sequence of the peh gene

The entire nucleotide sequence of the 5.8 kb EcoRI DNA fragment of pEC301 which produces four
polygalacturonases was determined from both directions. The strategy of the sequencing is shown in
Fig. 1. From the search of open reading frames, several candidates were found. Among them, only one
open reading frame (ORF1) encodes for a protein of 402 amino acids with a calculated molecular weight
of 42,646 which is in the range of previously reported molecular weight of E.c.c. Peh (Fig. 2). The
translation start with ATG is at position 307 and is preceded by a putative ribosome binding site AAGG.
A possible KdgR box'® was found from 241 to 264 b upstream region from the translational start point.
A possible sigma-70 type promoter was founded at position 208 (TTGCTA, —35 region) and position 231
(TATTAT, —10 region) with 17-base spacing. A termination codon TAA was found at position 1513,
followed by one inverted repeated sequence with a loop size of 8 nucleotides and a stem size of 9
nucleotides. This palindromic structure without poly-T tail may be involved in p-factor dependent
termination of the transcription. From the comparison with deduced amino acid sequences of two other
endo-Peh of E.c.c.'*'®, Pehl showed 909 overall homology in amino acid sequence with two reported
endo-Peh from the other strains of E. carotovora (Fig. 3). Presence of a signal peptide containing 26
amino acids at N-terminal was also suggested. Thus, the mature protein is released from Pehl as a
protein of 376 amino acid with a calculated molecular weight of 39,918. However, no other ORF, which
encodes for protein of molecular weight in the range of reported Peh, was found.

Comparison between Pehl and other pectinases

The deduced amino acid sequence of the ORF1 was compared with those of bacterial, fungal and
plant pectinases for overall homology. It was confirmed that Pehl has higher homology with bacterial
Peh than with pectate lyase (Pel)>71018151823.29 pactin lyase (Pnl) >'” and pectin methylesterase (Pme)??.
When a multiple alignment was done considering the gaps among amino acid sequences of Peh from
Lycopersicon esculentum (tomato)??, Pseudomonas solanacearum®, the other strains of E.c.c.!*'® and
Pehl, high homologous region among all bacterial Peh including Pehl was found (Fig. 3). But, identity
of Peh from tomato did not show significant homology with other Peh from bacteria even in this region.
When the conservative changes of amino acids are considered, all these Peh showed considerable
similarity.

DISCUSSION

A subclone pEC302 containing only 1.8 kb Ksp632I DNA fragment produced four Peh. If the sizes
of reported peh genes are applicable for these four Peh, it is impossible to locate four complete genes
on 1.8 kb Ksp632I fragment. One possibility to explain how the 1.8 kb fragment produces four different
Peh may be that ORF1 (1209b) produces the protein (Pehl) and remaining 595b produces three shorter
polypeptides possibly as the modifiers for Pehl. In fact, several shorter ORF were found in the remaining
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Fig. 3. Alignment of the repeated sequences between deduced amino acid sequences of Peh from tomato,
Pseudomonas solanacearum, and E.c.c. Identical amino acids are closed in boxes and conservative
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595b of the 1.8 kb Ksp6321 fragment. These polypeptides may interact with the Peh from the ORF1 to
modify the pZ. Another possibility is that four genes overlap each other. However, no such ORF which
encodes the proteins of molecular weights in the range of reported one, was found.

When the phoA gene was inserted in the putative promoter region for short ORF located upstream
of ORF1 using TnphoA®, all four Peh activity was completely knocked out (data not shown). From this
result, it was suggested that the transcription of this short ORF is required to produce the remaining
three Peh.

Though the deduced amino acid sequence of Pehl showed 909 of overall homology with that of Peh
from E. carotovora subsp. carotovora SCC3193'®, pI of Pehl was slightly lower than pJ 10.19 for Pehl.
More interestingly, they claim that the clone of pehA showed single Peh, while our pEC302 produced
multiple forms of Peh. The region other than ORF1 on pEC302 may be involved for the formation of
multiple forms. The comparison to overall homology between Pehl and Peh from another strain (EC)
of E. carotovora subsp.carotovora*® produced 902 of homology too, but no data of IEF was shown. Thus,
we do not know if that clone produces multiple Peh.

When an alignment between amino acid sequences from eukaryotic and prokaryotic Peh was done,
considering the gaps and the conservative changes, all five Peh compared showed considerable similar-
ity. This result indicates that prokaryotic and eukaryotic Peh may have a common origin, in spite of the
long evolutionary distance.
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