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SUMMARY: The nucleotide sequence of pnl gene encoding pectin
lyase (PNL; EC4.2.2.10)from Erwinia carotovora Er was determined.
The structural gene of pnl consisted of 942 base pairs. An open
reading frame that could encode a 33,700 dalton polypeptide con-
sisting 314 amino acids was assigned. The molecular size of the
polypeptide predicted from the amino acid composition was close
to the value of PNL determined in E.carotovora Er. The nucleotide
sequence of the 5’-flanking region showed the presence of the
consensus sequence of ribosome binding site, Pribnow box and the
RNA polymerase recognition site in E.carotovora and Escherichia
coli. Between the presumed Pribnow box and the ribosome binding
site, two pairs of inverted repeats were found. By comparing
the predicted amino acid sequences of pnl, several reported
bacterial pectate lyases and Aspergillus niger pectin lyase,
short regions of homology were found despite the different
substrate specificities of these enzymes. © 1991 academic Press, Inc.

Many phytopathogenic Erwinia species including Erwinia caroto-
vora Er secrete the pectolytic enzymes such as pectate lyase
(PL; EC 4.2.2.2) which are thought to be one of the enzymes caus-
ing the soft-rot. In addition to PL, some strains of FE.carotovora
produce pectin lyase (PNL; EC 4.2.2.10) in response to DNA-damag-
ing agents such as nalidixic acid, mitomycin C or UV light(1l). In
most strains, PNL production is accompanied by cell lysis and
production of a bacteriocin (2). In addition, PNL production in
E.carotovora subsp. carotovora requires a functional recA gene
(3). We have recently cloned the pnl gene from FE.carotovora Er
and expressed the gene by using tac promoter in Escherichia coli
{4). In the present study, we determined the complete nucleotide

sequence of the pnl gene and its flanking region of E.cartovora

0006-291X/91 $1.50
Copyright © 1991 by Academic Press, Inc.
321 All rights of reproduction in any form reserved.



Vol. 176, No. 1, 1991 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Er to study the mechanism of the expression of pnl gene and the

chemical structure of PNL.

MATERIALS AND METHODS

Bacterial strains and plasmids. FEscherichia coli JM109 {recAl,
A, A(lac-proAB), endAl, gyrA96, thi, hsdRl7, relAl, supFi4,
[F’,traD36, proAB,lacF ZaM15]} was used as a host strain for
recombinant plasmids. Plasmid pUC118 and pUC119 were used as
cloning vectors. FE.coli MV1184 [{ara,A(lac-pro), strA, thi, (@80
lacZaM15), A(srl-recA)306::Tnl0(tet" ), [F’traD36, proAB, lackF Z~
AM15]}, and M13KO7 were used as a host and a helper phage,
respectively for preparation of single stranded DNA.

DNA sequencing. The 2.1 kb of Stul-EcoRI fragment of pTNZ2159
(4) was subcloned into Smal site of pUC119 and pUC118 after
FcoRI site of the fragment was treated with S1 nuclease. A
series of deletion derivatives of each subclones were obtained by
exonuclease II1 and mung bean nuclease digestion, according to
the procedures described by Henikoff (5). DNA sequencing was
performed by the dideoxy chain termination method of Sanger et al

(6).

RESULTS AND DISCUSSION

Nucleotide sequence of the pnl gene from pTN2159. The EcoRI-Stul

fragment in pTN2159 contains the pnl gene of E.cartovora Er (4).
We have determined the nucleotide sequence of the fragment in
which contained the pnl gene and its 5'- and 3'-flanking regions
following the sequencing strategy shown in Fig. 1. The nucleotide
sequence of the fragment was comprising 1,286 bp as shown in
Fig. 2. Within this sequence, we can identify an open reading
frame which begins with an ATG codon at position 290 and

terminates with TAA codon at position 1232. The amino acid se-

100bp

Fig.l. Physical map and sequence strategy of the 1286 bp Stul-
EcoRl fragment. Lines and arrows indicate the direction and
extent of a portion of DNA fragment of which the nucleotide
sequence have been determined and are aligned in the 5 to 3’
direction. Restriction sites: D, Dral; E, FEcoRV; P, Pvull.
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Stul

y 10 20 30 <0 60 60Q
TACCCCCTATCAGTCTGATGAAGTTGAACAGGCTGCGAACCGTATTTTTAATGACGACGC

70 80 90 100 110 120
GGTAAAAGGCTGGTGATGATAATCGTAGCGCTGCCATTTTACTAAAAGATGGCGGCATAT
130 140 150 a 170 180
TAATTGGGTATTGAATTATTCGCAAGGTTGTT AAACTCGATTAATAAGCGTA
T —  f——
190 200 210 220 230 240
ATGAAATCCTTTCTATACAATTTTTAATTGTCGGAGGCGTATTATTTAOTCTCAATTAAA
R s
250 260 270 280 290 300
TAATACGCTGGAAGACATTATTATTCACTCATTGTAAAAAGGAAAACTTATGGCTTATCC
- NetAlaTyrPro
310 820 3380 340 360 360

AACAACAAATCTTACTGGGCTTATTGGTTTTGCAAAAGCAACAAAAGTTACCGGAGGAAC
ThrThrAsnLeuThrGlyLeulleGlyPheAlalysAlaAlaLysValThrGlyGlyThr

370 380 390 400 410 420
GAGCGGTAAAGTCATTACGGTAAATTCTTTGGCCGATTTTAAATCAGCAGGTAAGCAGTTC
GlyGlyLyeValValThrValAsnSerLeuAlaAspPhelysSerAlaValSerGlySer

430 440 450 460 470 480
CGCAAAAACTATTATQGTACTGGGATCATCGCTGAAAACGTCGGCCTTGACCAAGATAAT
AlaLysThrilevValValLeuGlySerSerLeulLysThrSerAl aLeuThrLysValVal

490 500 510 520 530 540
ATTTGGCAGCAATAAAACCATCGTCGATTCTTTCGATAACGCTAATGTACTAACCAATAT
PheGlySerAsnLysThrlleValGlySerPheGlyGlyAlaAsnValLeuThrAsnlle

560 560 570 680 590 600
TCACCTGCGTGCTGAGAGCAATTCATCTAACGTCATTTTCCAGAATCTGGTTTTTAAACA
HisLeuArgAlaGluSerAsnSerSeraAsnValllePheGlnAsnLeuvValPhelysHis

610 620 630 640 6580 660
TGATGTTGCCATCAAAGATAATGACGATATCCAGCTGTATTTGAACTACGGTAAAGGGTA
AspValAlalleLysAspAsnAspAsplleGinLeuTyrLeuAsnTyrGlyLysGlyTyr

670 68 690 700 710 720
TTGGGTGGATCACTGTTCATGGCCTGGGCATACGTGGAGCGATAACGATGGTAGCCTCGA
TrpVal AspHisCysSerTrpProGlyHisThrTrpSerAspAsnAspGlySerLeuAsp

730 740 760 760 770 789
TAAACTGATTTATATCGGCGAGAAGGCGGATTACATCACGATCAGTAACTGCTTATTCTC
LysLeulleTyrlleGlyGluLysA) aAspTyrileThrlleSerAsnCysLeuPheSer

790 800 810 820 830 840
AAACCATAAATATGGTTGCATTTTCGGCCATCCGGCTGACAATAATAACAGCGCTTACAA
AsnHisLyaTyrQlyCysllePheQlyH{sProAl aAapAspAsnAsnSerAlaTyrAsn

850 860 870 880 890 900
TGGCTATCCACGTTTGACTATTTGCCATAACTATTACGAAAATATTCAGATACAGTGCGCC
GlyTyrProArgLeuThriieCysH{sAsnTyrTyrGluAsnlleGlnValArgAlaPro

910 920 930 940 960
CGGCCTGATGCGTTATGGCTATTTCCACGTATTCAATAACTACGTCAATAAATTCCAGTT
GlyLeuMetArgTyrGlyTyrPheH!{sValPheAsnAsnTyrValAsnLysPheGlnLeu

970 980 990 1000 1010 1020
GGCTTTTACCGTCGCGCAAAATGCCAACGTTATTTCTGAACGCAACGTATTTGGCAGCGG
AlaPheThrvValAlaGlnAsnAlaAsnVallleSerGluArgAsnValPheGlySerGly

1030 1040 1050 1060 1070 1080
TGCTGAAAAGAAAGGAATGGTTGATGATAAAGGCAATGGTTCAACCTTTACCGATAATGG
AlaGluLysLysGlyNetVYalAspaspLlysGlyAsnGlySerThrPheThrAspAsnGly

1090 1100 1110 1120 1130 1140
CAGTTCGCCAGCAGCGGTAGCGAGTAAATCGCCAGCGGCGAAATGGACGGCATCATCTAA
SerSerProAlaAlaValAlaSerLysSerProAlaAlaLysTrpThrAlaSerSeraAsn

1150 1160 1170 1180 1190 1200
CTATTCATACAGTTTGATGACAACCGCGGCGGCCCAATCCTGGGTTATTTCGAATGCAGG
TyrSerTyrSerLeuNetThrThrAlaAlaAlaGinSerTrpVvalValSerAsnAlaGly

1210 1220 1230 1240 12560 1260
GGCACAAAATAGTGCGCTGAAATTCCCATCATAATCACGGAAGGTTTATTTTATGACGTA
AlaGlnAsnSerAlaLeulysPheProSersss

1270 1280 1290
CCTGCATGCTCACTTTTATTGATAATTGAAA

Fig.2. Nucleotide sequence of the Stul-EcoRlI fragment and the
deduced amino acid sequence of pectin lyase. The sequence is
arranged so that bp 6 is the first nucleotide in the recognition
site for Stul. The strand shown is the 5 to 3’ direction. The
deduced amino acid sequence is given bellow the corresponding
nucleotide sequence. The predicted ribosomal binding site and
promoter site are indicated by double underlines and rectangular
boxes, respectively. Arrows represent inverted repeats.
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quence of PNL deduced from the DNA sequence corresponds to
a polypeptide with an apparent molecular weight of 33.7 kDa,
comprising 314 amino acid residues, which coincides with that
determined by SDS-PAGE (4,7). The first 18 amino acid residues
deduced from the nucleotide sequence exactly corresponded with
the N-terminal ones of the purified PNL (4). There was no indica-
tion of processing of N-terminus. The sequence of PNL was
analysed for hydropathy and overall polarity according to the
methods of Kyte and Doolittle (8) and Capaldi and Vanderkooi (9),
respectively. The polarity of PNIL was 43.0% and hydropathy
analysis revealed no siguificant hydrophobic segment in PNL.
Codon_usage. The codon usage for the pnl gene was computed, and
the following observations were made concerning the strong bias
in the usage. (a) Codon AAA is used by 18 out of 21 Lys residues
and GAT is used by 13 out of 15 Asp residues. (b) Neither AGA nor
AGG is used for Arg at all in the gene. In addition, although 15
Ile residues are present in the protein, none of them used codon
ATA. These characteristics in the codon usage is very similar to
those of codon used in PLI and PLIII (10,11) except in the case
of Asp.

Amino acid homology among the PNL, PL from Erwinia species and
fungal PNL. The nuclectide sequence and deduced amino acid
sequence of the PLI (10) and PLIII (11) of E.carotovora Er and
PLa (12) and PLb (13,14) from E.carotovora subsp. carotovora were
determined. Recently, Gysler et al. cloned the peil gene from
Aspergillus niger, coding for a péctin lyase D (PLD) and reported
the sequence and the predicted amino acid sequence of the gene
(15). Amino acid homology between bacterial pectate lyase (PL),
our PNL and A.niger PLD, shown in Table 1, revealed several
regions of homology among them. Although the homologous regions

are relatively short, they aligned well. It should be noted that
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Table 1. Comparison of deduced amino acid sequences of E.
carotovora Er PNL, Aspergillus niger PLD and Erwinia species
pectate lyases

Protein 2 Region b Sequence ¢
E.carot.Er PNL 1 (15) [A]K 166 Tf]a v
A.piger  PLD I (I5) R 4] -E'v slafr pjvie
E.carot. Er PLIL I (54) I E k0SS ~-[Gjk Alv|K
E.carot.Er PLII [ (54) IE LDSN -Gk X
E.carot.EC PLa I (54) I EEA[QLDSK-JGIK[K|L K
E.carot.EC PLb I (54) 1E DS K-[gfk K

E.carot. Er PNL T (45)
A.niger PLD O (59)

-

V[V L|G S{SILIK TS A L
IV Lf--i{S|-[KTIFDF
- - VIG|S FIG|G ~[A N

-|I|-[G{E ~|GIT S G -

L

v LIGIT NIGIS S|A N
I I|G|T N{G|S S|A N
L LIG|T N[G|S S|A N
I QIG|T N|G|S S|A N

.carot. Ec PNL IV (86) [L R}A E[S|N S[S N|V[I]F Ly
.niger PLD  IV(145) (L R|M¥ v|s|G v|S N|T]I|X T4

l: :l

E.carot.Ec PNL M (67)
A.niger PLD W (127)
E.carot. Er PLI m(108)
E.carot. Er PLI 1{108)
E.carot. EC PLa M (108)
E.carot. EC PLb M (108)

G o a o un
m m m T e =

I~ I
=

E.carot. Er PNL  V(107) EI@NDOLYLEYGKGY v[owlc
Aniger  PLD V(I168) YV v GGlofAlr|{T|LibE ADL -~ vw|rio ulv
E.carot.Ec PL1 V(148) Q -[K[MAKeSV{LI- TTRP N - v]wlL|p u|n
E-corot.&r PLI V(148) [A]- Qo]a[ofa[t]r 1o -[N}r P N - v|w]]o u]x
E.carot. €C Pla v (148) |A}-[k o|c|oja vR 1D -|n|s P x - viv(i|p ulx
E.corot. EC PLb v (148) |4}~ alolalolalt]r v o -Infs e v - v]wlto a|x
E.carot. Er e vic1se) [R]-[LTjrc[A N Y ¥[E N T v[R A P[S[L]u[R]¥[g]
A.niger PLD  VI(240) OKV|T/FSGNY[LYKTSG[RAPKVQONT
E.carot. Er PLT  vi(224) [R[o[C T|v HlH sovns|rlL]e]-Itofrlefc
E.carot. Er PLI VI(224) |R v HlH o v N afR|Lip|-ILfol8|c]a
E.carot. EC PLa  VI(224) #Hn N1 us ov N s[rLlp|-]ulelrlals
E.carot. EC PLb  VI(224) v ufu N|x[¥]r b v N s|R[Lp|-|ufo[r]6]s
E.carot. Er eNL  vI(21D) [Y]e[d]v F - [Nk -[Fla L[aF

A.niger PLO  VE(264) L Iy vENN-SG ng‘

E.carot. Er PLI WI(207) VELRN[NN[TITsPso[f]--jalk

E.carot. fr PLI VE(297) WELRN|NNvHSPA&D|F- -]l

E.carot. &C PLa VI(207) VELRN[NNITsPSD{F|--[alk

E.carot. EC po vI29n VELRRNN|TTRP ADF|- -5K

E.carot. Er PNL  VE(237) NFS GAE - ~[v}o o[K]s
E.carot. Er PLI VE(187) |E[S Afv[p - - - T - Thly|Tvsy
E.carot. Er PLII WA(187) |E[s A TD---1- TN[v[TIsy
E.carot. EC Pa w187 |efs alvip - - -1 - T[T vsy
E.carot. EC PLb  VI(187) SAD-——I— TNV[TVsY
E.carot.SCRIO3 PLb  WE(379) PIR]- - ofa[v v 6 - T -] 1fefp -

s The deduced amino acid sequence of the E.carotovora Er(E.carot.
Er) PNL, of the A.niger pectin lyase D (PLD), of the E.carctovora
Er pectate lyases PL I and III, of the E.carotovora EC (E.carot.
EC)pectate lyases PL a and b, and of E.carotovora SCRI193
(E.carot.SCRI193) pectate lyase PLb are compared.

» Regions (I-VIII) with putative amino acid similarities are indi-
cated, starting with the comparison from the N-terminal of the
protein. The position of the first amino acid residue of a region
in each compared sequence is indicated between brackets.

cWithin region I-VIII, identical residues at corresponding posi-
tions in the compared sequences are boxed.

325



Vol. 176, No. 1, 1991 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

the similar motif LR--S--SNVIFQNLV occurred with similar spacing
{(amino acid at the position 86-101 in PNL, and 145-160 in PLD) in
the case of region IV among the PNL and PLD.

The nucleotide sequence of the 5’- and 3’-flanking regions. A

presumed ribosome binding site (AAGGA) was found at -7 to -11
from the initiation codon of the pnl, which may correspond to the
Shine-Dalgarno sequence (16). The sequences TTTTAT and TATTGAA
were found at -131 to -136 bp and at -155 to -161 bp from the
initiation codon of the pnl gene, respectively. The former se-
quence shares 4 out of 6 bases homology to the consensus sequence
TATAAT in the Pribnow box (17}, while the latter contains a TTG
sequence and exhibits exactly the same homology with the consen-
sus sequence of the -35 site of promoter sequence in pelB and
pelC (18,19). The sequence also shows 5/7 homology with the
consensus TGTTGAC at the RNA polymerase recognition site (17).
The sequences presented here also resemble to those of pel I and
III (10, 11). We previously observed that pnl/ gene was not
expressed in E.coli JM109 harboring pTN2158, suggesting the
probable presence of Lex A binding site near the promoter site of
the pnl gene. However, whithin 290 bp upstream of the pn/
translational start site, no sequence resembling a Lex A binding
site (SOS function) was found, although there were two perfect 9
bp and 12 bp palindromic sequences present within 151 and 170 bp,
and between 212 and 243 bp from Stul site, respectively. The
former existed in the -10 site of promoter which might be related
to regulation of pnl transcription by binding of an unknown
protein to it. The significance of these palindromic sequences
in the regulation of pnl transcription is currently being tested.
No inverted repeat which is the characteristic of transcription
termination sequence was found between the stop codon of the pnl

gene and the last codon sequenced.
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