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SUMMARY : h p e c t i n  lyase  (PNL;EC4.2.2.10) gene of Pseudsmonas marg ina l i s  N6301 was cloned 
and expres sed  in  E s c h e r i c h i a  c o l i .  We p u r i f i e d  PNL from P. m a r g i n a l i s  N6301 and determined 
N- t e rmina l  33 amino a c i d s  sequence.  From t h i s  sequence,  we syn the s i zed  two o l i g n n u c l e o t i d e  
p robes .  From t h e  a n a l y s i s  of  Southern  h y b r i d i z a t i o n ,  2 .1kb EcoRI-SmaI f ragment  from the  
chromosomal DNA of P .m ar g i na l i s  was found to h y b r i d i z e  with u l i gonuc l eo t ide  probes.  Then, we 
c loned  t h e  f ragment  i n t o  pUCll9 v e c t o r  and t r a n s f o r m e d  i n t o  E. c o l i  DHSa. i p lasmid thus  
ob ta ined  was des igna ted  as  pPNL6301. E . c o l i  DH5 a ha rbor ing  pPNL6301 expressed PNL a c t i v i t y .  
The n u c l e o t i d e  sequence of  p n l  gene in  the  plaamid pPNL6301 encoding PNL from P . m a r g i n a l i s  
N6301 was de t e rmined .  The s t r u c t u r a l  gene of  pn l  c o n s i s t e d  o f  936 base  p a i r s .  An open 
r e a d i n g  f rame t h a t  encodes  a 34,103 d a l t o n  p o l y p e p t i d e  composed of  312 amino a c i d s  was 
ass igned .  The molecular  weight  of  t he  po lypep t ide  p r e d i c t e d  from the  amino ac id  composition 
was c l o s e  to  t h a t  of  PNL of  P. m a r g i n a l i s  N6301 de te rmined .  The n u c l e o t i d e  sequence of  the  
5 ' - f l a n k i n g  reg ion  of pn l  gene showed the  presence  of t he  consensus sequence of Lexh b inding  
s i t e ,  Pribnow box and r ibosome b i n d i n g  s i t e  as  found in  E s c h e r i c h i a  c o l l .  The amino ac id  
sequence homology of  PNLs and n u c l e o t i d e  sequence homology of pnl  gene between P .nmrg ina l i s  
N6301 and E.carotovora  Er were 60.8% and 57.2%, r e spec t ive ly .  ® 1992 Academic Press, Inc. 

P e c t o l y t i c  enzymes a r e  o f t e n  found  in  p h y t o p a t h o g e n i c  m i c r o o r g a n i s m s  which a r e  

r e s p o n s i b l e  f o r  caus ing  d i s e a s e s  in  p l a n t s  (1 ,2) .  Among p e c t i n o l y t i c  enzymes of  s o f t - r o t -  

c aus ing  Erwinias ,  Erwinia  c a r o t o v o r a  and Erwinia  c h r y s a n t h e m ,  p e c t i n  l ya se  (PNL) i s  a very  

unique enzyme because i t  was produced aboundant ly  only  when b a c t e r i a l  c u l t u r e s  were exposed 

to  n a l i d i x i c  ac id ,  mitomycin C, or  iN l i g h t  (3 ,4 ,5 ,6 ) .  We have r e c e n t l y  found t h a t  ano the r  

s o f t - r o t  bac ter ium,  Pseudomenas m a r g i n a l i s  N6301 a l s o  produced a massive amount of PNL when 

t he  c u l t u r e  was t r e a t e d  wi th  mitomycin C. We a l s o  demonst ra ted  t h a t  PNL from P. m a r g i n a l i s  

was d i f f e r e n t  from t h a t  from E. ca ro tovora  in  immunological p r o p e r t i e s  (7). To s tudy on t he  

molecula r  mechanism of PNL product ion,  we a t tempted to  c lone the  pn__!l gene of  E. caro tovora  and 

succeeded in  c l on i ng  and d e t e r m i n a t i o n  of t he  complete  n u c l e o t i d e  sequence of the  pn__ ! gene 

(8,9) .  In t h i s  r e p o r t ,  c lon ing ,  express ion  and complete n u c l e o t i d e  sequence of  the  pn__!l gene 

of  P. m a r g i n a l i s  a r e  d e s c r i b e d .  Compar i son  o f  pn l  gene  of  P . m a r g i n a l i s  w i t h  t h a t  of  

E . c a r o t o v o r a  was a l s o  d e s c r i b e d  w i th  s p e c i a l  r e f e r e n c e  to  t h e  mechanism of  t h e  Pn__! gene 

expression.  
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MATERIALS AND METHODS 

B a c t e r i a l  s t r a i n s ,  phage and plasmid.  E . c o l i  DH5a [ ( F - r e c A l , e n d h l , g y r h 9 6 , t h i - l , s u p E 4 4 ,  
re lAl ,mcrA-  mcrB+,iL-,(argF-lacxya)U169,  ~80d lacA15]  was u s e d a s a  hos t  s t r a i n  and a plasmid 
pUCll9 was used as  a v e c t o r  f o r  c loning.  Plasmid pUCll9 was used as vec to r  and E. c o l i  ~ff1184 
[ara ,  A ( l a c - p r o ) , s t r A ,  t h i , ( ¢ 8 0 , 1 a c Z  AZ A Y 1 5 ) , ( s r l - r e c A ) 3 0 6 : : T h 1 0 ( t e t r ) , F ' : t r a D 3 6 , p r o A B ,  
l a c I q , Z  AM15], and phage M13KO7 were used as  a h o s t ,  and a h e l p e r  phage r e s p e c t i v e l y ,  f o r  
p r e p a r a t i o n  of  s i n g l e  s t r a n d e d  DNA. Pseudomonas m a r g i n a l i s  N6301 was used as  a source  of  
chromosomal DNA. 

Preparation of mixed oligonucleotide probes for cloning of pnl gene. The N-terminal amino 
acids sequence of PNL was determined by Edman degradation method. Oligonucleotides were 
synthesized by a Applied Biosystems model 381A or a MilliGen/Bioserch, Cyclon TM Plus DNA 
synthesizer. Synthetic oligonucleotides were labeled withT-32P-ATP(>110TBq/mmol) as 
described by Maniatis et al (I0). 

Genomic Southern b l o t  h y b r i d i z a t i o n .  About 1 ~ g  of p u r i f i e d  DNA of P .marg ina l i s  N6301 was 
comple te ly  d i g e s t e d  wi th  a s e r i e s  of r e s t r i c t i o n  enzymes and e l e c t r o p h o r e s e d  in 0.8% agarose 
ge l .  Fragments of  DNA were t r a n s f e r r e d  from the  gel  to  nylon membrane f i l t e r s  and hybr id ized  
wi th  t h e  l a b e l e d  probes.  Hybr id iza t ion  with No.1 probe (Fig. l) was done a t  42°C fo r  18hrs in  
a s o l u t i o n  c o n t a i n i n g  5xSSC (lxSSC: 0.15M NaC1, 0.015M sodium c i t r a t e ) ,  5xI)enhardt ' s  r eagen t  
( l x D e n h a r d t ' s  r e a g e n t  i s  0.02% each  o f  F i c o l l ,  p o l y v i n y l p y r r o l i d o n e  and b o v i n e  serum 

albumin),  0.1%SDS, 10% formamide and 100ng/ml dena tured  salmon sperm DNA. F i l t e r s  were washed 
twice (5 min. per wash) with 2xSSC-O. I%SDS at room temperature and once with 2xSSC-O. I%SDS at 
42°C for 10min. Hybridization with No.2 probe (Fig. l) was performed at 37°C in the same 
solution as in the case of No.l probe. Random primed DNA labeling kit (United States 
Biochemical) was used for labeling the 0.8kb PstI-EcoRI fragment. 

DNA sequencing. DNA sequencing was performed by the dideoxy chain termination method of 
Sanger et al (13). A series of deletion derivatives of each subclone were obtained by 
exonuclease Ill and mung bean nuclease digestion according to the procedures described by 
Henikoff (16). 

P r e p a r a t i o n  of  c e l l  e x t r a c t s  and a s s a y  of PNL. The c e l l s  of  t h e  p l a s m i d - c o n t a i n i n g  
E. c o l i  DH5a were grown a t  37 °C in  2ml of  LB medium c o n t a i n i n g  a m p i c i l l i n  (100 u g / m l )  
w i thou t  DNA damaging r e a g e n t .  The c e l l s  were h a r v e s t e d  by c e n t r i f u g a t i o n  a t  10,0O0xg f o r  1 
min. a t  4 °C. The c e l l s  were then  suspended in 2ml of  10a~4 Tris-HC1 buf fe r  (pH7.5), sonicated  
and then  cen t r i fuged  a t  15,000xg f o r  1 min. a t  4°C. The superna tan t  was used d i r e c t l y  fo r  PNL 
assay .  PNL a c t i v i t y  was de te rmined  by t he  method as  desc r ibed  by I toh  e t  a l  (14). P ro t e in  
conten t  was determined by the  method of Lowry e t  a l  (15). 

RESVLTSAND DISCUSSION 

Analysis of N-terminal sequence of PNL. PNL from P. marginalis N6301 was purified to 

electrophoretic homogeneity from a cultural fluid (Manuscript in preparation). N-terminal 

amino acids of PNL were determined (Fig. l). According to the amino acid sequence, the 

oligonucleotideprobes (No.l and No. 2) were synthesized (Fig. l). 

Cloning of PNL gene in E.coli DH5a. Chromosomal DNA from P.marginalis N6301 was 

purified by the method of Rodriguez et al (ll). Synthetic oligonuclentide probes were labeled 

with T-32p-ATP. Southern blot hybridization analysis was carried out with the fragments of 

chromosomal DNA of P.marginalis N6301 digested with several restriction enzymes using these 

labeled probes. We found 3.8kb PstI-PstI fragment was hybridized with both probes. Therefore, 

chromosomal DNA was digested with restriction enzyme Pstl, fractionated by O. 8% agarose gel 

electrophoresis and 3.5-4.0kb fragments were extracted with GENECLEAN II DNA extraction kit. 

The extracted DNA was ligated into PstI site of pUC119 vector and transformed to E.coli DH5a. 

Four positive clones were obtained from about 2,000 recombinants. All four clones had 3.8kb 

15 



Vol.  182, No. 1, 1992 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

N~2-SerTyrProGluSerLysLeuThrGlyLeuThrGlyPheAlaLeu 

No.2-- AAfflTIACIGGI]TIACIGGITITGCIIT 

AlaAlaLysValThrGlyGlyTrpAlaGlyProValValSerI1e 

GCIGCIAAAGTIACIGGIGGITGGGCIGGICCIGTIGT--No.I 
G- 

ThrAsnLeu-COOH 

Fig. l: N-terminal  amino acid sequence of PNL and o l igonuc leo t ide  probe 
Abbreviation: I; Inosine. 

sequences. 

P s t I - P s t I  f ragment  (Data not  shown). The 0.8kb PstI-EcoRI reg ion  which was hybr id i zed  wi th  

No. 1 probe was then  sequenced. The n u c l e o t i d e  sequence,  which corresponds  to  33 amino ac ids  

of  PNL was found in  t h e  0 .8kb  f r agmen t  (Data no t  shown}. S ince  0 .8kb f ragment  does not  

c o n t a i n  whole pn__ ! gene, we performed f u r t h e r  c lon ing ,  us ing  0.8kb fragment  as  a probe. The 

chromosomal DNA was d i g e s t e d  wi th  Ec__?RI and Sm__aaI, f r a c t i o n a t e d  by e l e c t r o p h o r e s i s  in  a 0.8% 

aga rose  ge l  and 2.1kb f ragment  in  s i z e  was e x t r a c t e d  from agarose  gel  by GENECLEAN II  DNA 

e x t r a c t i o n  k i t .  The e x t r a c t e d  fragment  was l i g a t e d  to  pUCll9 DNA d i g e s t e d  wi th  EcoRI, SmaI 

and dephosphory la ted .  Approximately 200 c o l o n i e s  c o n t a i n i n g  i n s e r t s  (white co lon ies )  were 

s c r e e n e d  w i th  0.Skb f r agmen t  l a b e l e d  w i th  random primed DNA L a b e l i n g  k i t  (Uni ted S t a t e s  

Biochemica l ) .  Only one p o s i t i v e  colony was ob ta ined .  Plasmid DNA from the  p o s i t i v e  colony 

c o n t a i n i n g  2 .1kb EcoRI-SmaI i n s e r t  was found to  h y b r i d i z e  wi th  t h e  0 .8kb probe  s t r o n g l y .  

This  plasmid was des ignated as pPNL6301. Physical  map of  the  p l a ~ i d  i s  shown in Fig. 2. 

N u c l e o t i d e  sequence  of  t h e  pnl  gene from pPNL6301. We have de t e rmined  t h e  n u c l e o t i d e  

sequence of  the  EcoRI-SmaI fragment con ta in ing  pn___llgene. The sequencing s t r a t e g y  i s  shown in  

Fig. 2. The n u c l e o t i d e  sequence of  the  fragment was comprised of 2160bp (Fig. 3). Within t h i s  

sequence,  we can i d e n t i f y  an open r ead i ng  frame which beg ins  wi th  an ATG codon a t  p o s i t i o n  

515 and t e r m i n a t e s  wi th  TGA codon a t  p o s i t i o n  1451. This  936 n u c I e o t i d e s  encode 312 amino 

ac ids ,  and we deduced i t s  molecular  weight as 34,103 da l ton .  The N-terminal  deduced 33 amino 

ac ids  sequence exac t ly  corresponded to t h a t  of  pu r i f i edPNL (Fig. 3), and the  i n i t i a t i n g  formyl 

m e t h i o n i n e  was removed p o s t t r a n s l a t i o n a l l y .  There  was no i n d i c a t i o n  of  p r o c e s s i n g  of  

N-terminus. 

• m D L 

E P S V 
t I ' '  > 

q q t 

t i 
q 

Fig. 2. Physical map and sequencing s trategy of the 2160bp EcoRI-SmaI fragment. Thick bar 
indicates open reading frame. Arrows indicate the direction and sequence determined region of 
deleted DNA clones. Bar indicates  lOObp. Restr ict ion s i tes :  E, EcooRI P, Ps_~tI S, Sa_~II V, Ec___qRV 
SM, SmaI. 
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I0 20 50 40 50 60 70 80 90 
AATT~GGCAAcGGcGT~GCTGCTT~ACC~G~GA~GG~AACATCGCCCGCGAGTT~GCACGC~GCATCCAAGTAGGC~TGGTCGGCATCA 

I00 II0 120 130 140 150 160 170 180 
ACGT•CCGA•CCCGGTGCCGATGGCCTGGCA•GGGTTTGGCGG•TGGAAGAAGAGCCTGTTTGG•GACATGCATGCCTACGGCACCG•GG 

190 200 210 220 230 240 250 260 270 
GTGTGCGCTTCTACACCAAGCAGAAGTCGATCATGCAG CGCTGG TCGGAG AGCATCGAGCAGGGCGCGGAGTTTGCGATGCCT G TGTCCA 

280 290 500 310 320 350 340 350 560 
GATAACGCTTGAAAGGACACCGTAGGACAAGTGTGGGAGGGAGCAAGCTCCCTCCCACAT ~-i T~ I-~TGCGTA~AGGTTGACGATCCAGTG , p q - 

370 580 390 4 0 0  410 420 430 4 4 0  450 
AATGCCGAAT~-'TGTATATAAACACAGTqrTTAC.-C~GCTGAC C A A C C A A G C T C T G G C A G C C T C A G C ~ C ~ ~ T ~ G  T ~ G  TT 

m ,11 
4 6 0  4 7 0  4 8 0  4 9 0  5 0 0  5 1 0  5 2 0  5 3 0  5 4 0  

AATGGATTAACTTAA~CAGGCTCGTTATACCGAGCCG TTTTTATAGAGAGAGA~CTCATGTCGTACCCAGAAAC, C, AAACT~C 
I -- = " Ne t [Se rT~rProGluSerL~ , sLeuThr  

550 560 570 580 590 600 610 620 630 
CGGTTTGACCGG-~X%~/TA]CGGCAAAAGTGACCGC~GGCTGGGC CGGCCCCGTGGTCAGCATCACTAACC~GAT~GGC 
Gl~LeuThrG~PheAlaLeuA1aAlaLysValThrGlyGlyTrpAl aGIyProValValSerI leThrAsnLeu~spGlnLeuL.vsAl a 

6 4 0  6 5 0  6 6 0  6 7 0  6 8 0  6 9 0  YO0 7 1 0  720 
CAATA~CCGTCACC~GCAGGTGCTGGTGATCAACAGTAATATCTCGGCGTCGAGCCTGACCAAAGTCAACATGGGCGCCAACAA 
Asnl leGlyThrValThrProGlnValLeuVal I leAsnSerAsnl I eSerAlaSerSerLeuThrLysValAsnMetGlyAl aAsnLys 

730 740 750 760 770 780 790 800 810 
GACGCTGATCGGTTCGTTCCAGAATCGGACGTTGGAGAATATTCACCTGCGTGCAACCGCGCAGTCGCA~T~~T~ 
ThrLeu•••G•ySerPheG•nAsnArEThrLeuG•uAsn••eHisLeuArgA•aThrA•aG•nSerG•nAsn••e••eLeuG•nAs•Leu 

820 830 840 850 860 870 880 890 900 
TATCTTCAAGCATTCAGCGAATATCAAGGCCAATGACGATATTCAGGTC•ACCTGAACTACGGC•GCAAGTATTGGATTGACCATTGCTC 
I lePheLysHisSerAlaAsnlleLysAl aAsnAspAsp I i eGlnValTyrLeuAsnTyrGl¥SerLysTyrTrpl leAspHisCysSe r 

910 920 930 940 950 960 970 980 990 
TTTTGTCGGGCACAGCTGGTCGACCACTGACGGCAGTGAAGACAAATTGCTCTATATCGGTGAAAAAGCCGATTATGCCACCATCAGCAA 

P h e V a l G i y H l s S e r T r p S e r T h r T h r A s p G l y S e r G l u A s p I N s L e u L e u T y r  I l e G l y G l u L y s A l a A s p T y r A l  a T h r  I I eSe  rAsh  

I000 I010 1020 1030 1040 1050 1060 1070 1080 
CTGCTTCTTTGGCAGTCACAAGTACGGCCTGATCTTCGGT CATCCGGCGGATGATAATAACGCGGCGTTCAACGGCTACCCGCGCCTG AC 
CysPhePheGlySerHis LysT~rGlyLeul lePheGlyH i s Proal aAspAspAsnAsnAlaAlaPheAsnGlyTyr ProAr gLeuThr 

1090 I I00 11 I0 i 120 I 150 1140 1150 1180 1170 
ACTGTGCCATAACCGCTTCGACAATATGGAAGTGCGTGCGCCTGGCTT GATGCGCTACGGTTATTTTCATGTGTATAACAACTATATCAA 
LeuCysHisAsnArgPhaAspAsnMet GluValAr gAl aPr oG lyLeuHe tArgTyrG lyTyrPheHi sValTyrAsnAsnTyr 11 eAsn 

1180 1190 1200 1210 1220 1230 1240 1250 1260 
TAAGTTTCACCT•GGTTTCACCCTTGCGCAGAATGCCAATATCCTTTCCGAG•GCAACTATTTTGGTGAAGGCAGCCAAAACAATGGCAT 
LysPheHisLeuG~¥PheThrLeuA~aG~nAsnA~aAsnI~eLeuSerG~SerAsnTyrPheG~¥G~uG~ySerG~nAs~AsnG~yHet 

1 2 7 0  1 2 8 0  1290 1300 1310 1 3 2 0  1 3 3 0  1340 1350 
GTTGG~TGATAAAGGCAGCGGGA~GTTTACTGAT~CAAACAGTGTGCCGCCGATCACCAACCAGAAGTCGCCAAAAG~ACAGTGG~C~GC 

LeuAspAspLy•G•ySerG•yThrPheThrA•pThrAsnSer•a•Pr•Pr•I•eThrA•nG•nLysSe•P••LysA•aG•nTrpThrA•a 

1360 1370 1580 1390 1400 1410 1420 1450 1440 
AACTTCCAATTACGCCTATACCTTGAAGACGGCGGCGCAGGCCAAGGACTTTACACAGAAGAATGCCGGGGCTCAGGCTGCGGCGTTGGT 
ThrSerAsnTyrA•aTyrT•rLeuLysThrA•aA•aG•nA1aLysAspPheThrG•nLysAsnA•aG•yA•aG•nA•aA•aA•aLeuVa• 

1450 1460 1470 1480 1490 1500 1510 1520 1530 
GTTTGGTAGTTGAATAC-CTAGCTTT~TACTTGGCTGTCATTATTGCAGGTGCCACTGTATTTATATCAAG~ATATAAATACAGTGATGGC 

P h e G l y S e r * * *  

1540 1550 1560 1570 1580 1590 1600 1610 1620 
CTTT~T~ATGTAA~CLa.ATTCTTCATGTTGAG~TAAGCGGTGCCCATGTTAAACCTTGGGGTGCACTTGCAGATCCA~CTATCTTGTGCTC 

1630 1640 1650 1660 1670 1680 1690 1700 1710 
TTTCGGTCAGTATCGAGTTGCTGGCTGTCAGGTGCTATTTAATCTTCGCTTTTTATTTAAGCGTCAGCAAAAGGACATCATCATG•AACA 

1720 1750 1740 1750 1760 1770 1780 1790 1800 
TGCGAATCATACTCCCACTCGCTGGACACGGGCCGATGCGCTGAA•GTTAATGAGA•TGACCCT•CGACGACAC•GCCGTTAGTGAGTCC 

1810 1820 1830 1840 1850 1860 1870 1880 1890 
TGACTTTCCTGTCATGAGTGACACGGTCTTTATTTGGGACACCATGCCATTGCGTGAGCTGGATGGCACGGTGGTATCTGTGGATGGCTG 

1900 1910 1920 1930 1940 1950 1960 1970 1980 
GTCAGTGATCTTCACCCTGACCGCCGACCGTCGCCCCCATGATCCACAATTCATC•ACGCCGACGGCCGTTACGACATCAAGCGCGATTG 

1990 2000 2010 2020  2030 2040 2050 2060 2070 
GGAAGATCGCCATGGCCATGCGCGGATCTGCTACTGGTACTCGCGCACCGGCAAAGACTGGATCTTCGGCGGCCGGGTCATGGCCGAAGG 

2080 2090 2100 2110 2 1 2 0  2130 2140 2150 2160 
GGTTTCACCGACCACGCGTGAGTGGGCCGGCACGCCGATCCTGCTCAATAACAACGGTG•TATCGACCTGTATTACACCTGCGTAACCCC 

F i g .  3. N u c l e o t i d e  s e q u e n c e  o f  t h e  EcoRI -SmaI  f r a g m e n t  and  t h e  d e d u c e d  a m i n o  a c i d  s e q u e n c e  
o f  p e c t i n  l y a s e  (PNL). The  s t r a n d  shown i s  t h e  5" t o  3 '  d i r e c t i o n .  The d e d u c e d  amino  a c i d s  
s e q u e n c e  i s  g i v e n  b e l o w  t h e  c o r r e s p o n d i n g  n u c l e o t i d e  s e q u e n c e .  The  p r e d i c t e d  r i b o s o m a l  
b i n d i n g  s i t e  and  p r o m o t e r  s i t e s  a r e  i n d i c a t e d  by  a d o u b l e  u n d e r l i n e  and  s i n g l e  u n d e r l i n e s ,  
r e s p e c t i v e l y .  The  n u c l e o t i d e  s e q u e n c e  o f  Lexh  b i n d i n g  s i t e  a n d  N - t e r m i n a l  33 a m i n o  a c i d  
s e q u e n e e w h i c h d e t e r m i n e d f ~ o m p r o t e i n a r e  boxed.  Ar rows  r e p r e s e n t  i n v e v t e d  r e p e a t s .  
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Protein Position Sequence 

P.mar~inalis 1- 60 

E.carotovora 1- 60 

P.mar~inalis 61-119 

E.carotovora 61-120 

P.mar~inalis 120-179 

E.carotovora 121-180 

P.mar6inalis 180-239 

E.carotovora 181-240 

P.mar~inalis 240-298 

E.carotovora 241-300 

P.mar~inalis 299-312 

E.carotovora 301-314 

MSYPESKLTGLTGFALAAKVTGGWAGPV~/SITNLI)OLKANIG'r~PQVLVINSNISASSL 
I II III1 Il l  l l ] t l l l  I 11 I I I t I I 
MAYFITNLTGLIGFAKAAKVfGGTGGKVVP/NSLABFKSAVSGSAKTIVVLGSSLKTSAL 

TKVNMGANKTLIGSF-QNRTLENIHLRATAQSONIILONLIFKIISANIKANDDIQVYLNY 
t it  I l l l  l i t  I I I I I l t  I I I l l l  I l l  II IIIII IIII 
TKVVFGSNKTIVGSFGGANVLTNIHLRAESNSSIP/IFQNLVFKIIDVAIKDNDDIQLYLNY 

GSKYWIDHCSFVGHSWSTrDGSEDKLLYIGEKADYATISNCFFGSHKYGLIFGHPADDNN 
I tl I l l ]  tl II 111 I l l  I I l l J [ l l  I l l l l l  l l l ]  I I ] l l l l l l l  
GKGYWVDHCSWPGIffWSDNDGSLDKLIYIGEKADYITISNCLFSNHKYGCIFGHPABBNN 

AAFNGYPRLTLCHNRFDNMEVRAPGLMRYGYFItVYNNYINKFHLGFTLAONANILSESNY 
] I I I I l i l  III l I l l l t l l l t l l l l l  Itt I l l  I II IIIII II I 

SAYNGYPPJ.TICBNYYENIOVRAPGL~YGYFItVFNN'P/NKFOLAFTVAONANVISEP~V 

FGEGSfiNNGI4LDDKGSG-TFTDTNSVPPITNOKSPKAQWFATSNYAYTLKTAAfiAKDFTQ 
II I II IIII I I l i l  I I III I III I l l  I I I [ I 
FGSGAEKKGM~/DDKGNGSTFTBNGSSPAAVASKSPAAKiffASSNYSYSLMTTAAAO~V 

KNAGAOAAALVFGS 
Itlll  I l t l  

SNAGAONSALKFP$ 

Fig.4~ Comparison of protein sequence of PNL from P. marginalis N6301(upper sequence) with 
that  of E.carotovoraEr(lower sequence). Vertical bars indicate the homology of bases. 

Codon usage.  The codon usage f o r  the  pn~l gene was computed and the  fo l lowing  b i a se s  were 

observed.  General ly ,  t he  codon usage corresponds  to  t h a t  of genus Pseudomonas (17,18). But 

t he  fo l l owing  except ion  was found. (a) In the  Glu codons, G~A i s  used more than  GAG and bah 

codon i s  used by 7 out  of 18 Lys r e s i d u e s  (11.3% i s  used in Pseudomonas(17)) .  (b) In t he  

Phe,  Tyr ,  His ,  Asn and Thr codon usages ,  t e n d e n c y  i s  v e r y  s i m i l a r  to  t h o s e  of  E rwin i a  

caro tovora  Er r a t h e r  than those  of genus Pseudomonus. 

Amino a c i d  homology among t he  PNLs. The n u c l e o t i d e  sequence of  pn__ll gene and the  deduced 

amino a c i d  sequence  of PNLs were de te rmined  in  b a c t e r i a  and fung i  (9 ,19 ,20 ) .  Amino a c i d  

homology between P .m ar g i na l i s  N6301 and E .caro tovora  Er i s  shown in Fig. 4. Tota l  homology i s  

60.8%. Some amino ac ids  d i f f e r e n c e  i s  observed in  t he  N-terminal  and C- terminal  regions ,  bu t  

a ve ry  h igh  s i m i l a r i t y  i s  found in  the  c e n t e r  r e g i o n s .  The PNL from P . m a r g i n a l i s  N6301 i s  

very  s i m i l a r  to  those  from E. ca ro tovora  Er (9) and E. ca ro tovora  subsp, ca ro tovora  71 (19) but  

not  from A.niger  (20) in  the  amino acid sequence (9). 

The n u c l e o t i d e  sequence of  the  5 ' -  and 3"- f l a n k i n g  r eg ions ,  h p o t e n t i a l  Shine-Dalgarno 

sequence (ACCoGAA) was proper ly  pos i t ioned  in 5' region of the  pu ta t ivehTG s t a r t  codan (Fig.3). 

S e v e r a l  E. c o l i  s igma 7 0 - l i k e  p romoter  s equences  a r e  found in  5'  r e g i o n  of  t h i s  p u t a t i v e  

r ibosome b ind ing  s i t e .  One of them, TrGACG(17bp)TACTGT, i s  found from p o s i t i o n s  347 to 375. 

The LexA b i n d i n g  s i t e  i s  found from p o s i t i o n s  372 to  389. Th i s  sequence  co r r e sponds  to  

consensus  sequence of  Lexh b i n d i n g  s i t e  of  SOS genes (21). In bo th  upstream and downstream 

t h e  r e g i o n  ( p o s i t i o n s  347-375) ,  we can f i n d  f o u r  i n v e r t e d  r e p e a t  s e q u e n c e s  ( p o s i t i o n s  

302-329,379-393,445-464 and 472-489).  And we can a l so  see ano the r  sequence which w i l l  be a 
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candidate for promoter s i t e  of -35 (positions 457-462) and -10 (positions 479-484) in th i s  

region.  These data suggest tha t  the expression of the pnl gene in P.margina!is  N6301 i s  

controled by not only Lexh-Rech in teract ion (SOS response) but also another unknown protein 

in teract ion.  In th i s  connection, our previous observations in E.carotovora should be noted; 

we showed that  there i s  no LexA binding s i te  in upstream the t rans la t ional  s t a r t  codon of pnl 

gene in E. carotovora, i r r e s p e c t i v e  of recA-dependent induct ion of the PNL (9). Further 

experiment needs to support the hypothesis.  Only one but long inver ted  repeat sequence 

(pos i t ions  1493-1525} found downstream the open reading frame of pnl gene, seems to be 

t ranscript ion termination signal. 

Expression of pectin lyase ac t iv i ty  in E. coli .  The crude extract of E. coli  DH5a harboring 

pPNL6301 or pUC119 (a control) was prepared and the PNL act ivi ty  was determined. PNL act ivi ty 

(ft. 57unit per milligram protein) was detected only in E. coli  DHSa harboring pPNL6301. The 

expression of pn___ll gene in E. col i  OH5 a which is  rechl mutant might be due to the gene dosage 

of the plasmid in the cel ls ,  or due to the use of the promoter (positions 457-462 and 479-484) 

which locatesdownstream the LexA binding s i te  for synthesizing the mRNA. 
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