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Effect of Carbon Sources and Culture Temperature on Pectate
Lyase Production in Phytopathogenic Bacteria
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ABSTRACT : Phytopathogenic bacteria causing soft-rot of many vegetables; extracellular enzymes pro-
duced by them, pectate lyase (Pel) is important pathogenicity factors which cause tissue maceration and
cell death. Ten of seventeen plant pathogenic bacteria showed weak Pel activity, four of them showed
low Pel activity and Erwinia carotovora subsp. carotovora, E. chrysanthemi, Pseudomonas marginalis and
Xanthomonas campestris pv. campestris showed high Pel acvtivity in the polygalacturonate yeast extract
agar (PAY) plate. High Pel activity of the four bacteria species produced the highest Pel activity when
pectin or polygalacturonic acid (PGA) was added to minimal salts (MS) medium. Pel activity of the four
bacterial species was the highest at 20°C among different temperature conditions. The rate and amount
of maceration of potato tuber tissue were the highest at 20°C in E. carotovora subsp. carotovora, E.
chrysanthemi and P. marginalis, while those were the highest at 25°C in X. campestris pv. campestris.

Key words: Erwinia carotovora subsp. carotovora, Erwinia chrysanthemi, Pseudomonas marginalis, Xan-
thomonas campestris pv. campestris, pectate lyase, maceration.
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Al EHdAlTe] AAsk= pectinase®} cellulase

A2 554l B8k A4 g, 2 FollA = extra-
cellular pectate lyase(Pel)7} Al EZZ2] B39} cell

deathol] 3= F93 HUAA AAPe|tH(2). AEAE
.2 cellulose, hemicellulose, pectin, lignin 2.2 -
el 9lom, AlEAe] F9, vo] Sl me} AER]E
of Ae]zt ek olF HHAL Axe] FZF(middle
lamella), 12 AlEH 9] F3q FANECRA A £
Al A9l &8 3}, galacturonic acid®] 3
Al (polymer)Z o] Fo]z c}dF24] pectic acid, pec-
tin, protopectin 5% 3FR/F2 Yo}, pectic acide=
D-galacturonic acid”} a-1,4-galacturonic bond2 <172
=] glem, pectind pectic acid®] carboxyl”|&] A3
7} methyl-ester3} =] 3], protopectine A &2] %
Aol 1= -84 pectichFo]th(2, 14,18, 19).
AlE AxEe] 45 #”(pectin) A& E&lsh=
R4 2+ pectinmethylesterase(PME), polygalacturon-
ase(PG), pectate lyase(Pel), pectin lyase(PNL), oli-

*Corresponding author.

gogalacturonate lyase(OGL)7} 913z, ¢[2{gt "l £-3)
& A (pectic enzyme)& A EXAQ] ¥H & dod= F
a3 342 duiA 9k, 8,11, 21). o]FelA A Ee

TS dovle HdATH M WA AV =
F 459 314l Pel pectinihe] a-1,4-glucoside 23}
S TR 2 Audsle] B-fiR#el] )3l 235 nmollA F
5B =S el = 4, 5 E-E3} olygogalacturonates
Airgie), w3 FA4HESol= Ca*' e 8731 Pel ¥4
pH #H$+= 8.0~10.08 743 S| Sl A= A
1 ©}& pectinase®] A3} o} Holrh(5,9).

Lanham $(10)- in vitrooll A w27} E. caroto-
vora subsp. atroseptica’} A= Pel HAdof] o 3kE- 7]
Fekx $9132(15,16), McGuire®} Kelman(12)2 A&
A9 73 Axs AFAEH] Ca”T K* 3H3Fe] o33
& vberhy 318127 (12,13,17), Cooper2t Wood(6)+=
B4l Verticillium albo-atrume] JALsl= A E-A %
H B a4 2o vl 3ol ] ®»uslg]ch
A B UAF2] Pel BAFH-S 2AA

|

(]

S

B AFT= F8 AEH
3ta, i FIZHE do7|= Frwinia carotovora

subsp. carotovora(Ecc), E. chrysanthemi(Ech), Pseudom-
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onas marginalis(Pm)<} A Ak3}ah = 2ol 724 2 -8u
< dOo7= Xanthomonas campestris pv. campestris
(Xce)dll olodA] vjok= 2 ®t49lo] pectate lyase 4
Abel] vlA)= A3t A8 vXe LERAE 24}

37] $13ked A AJsksdct,
ME 2

SAIZE ! HHSEA. 2 AP FAI% 16985 =
Ecc®} Eche #159] Missouri ¥38}, Xcce L2 Juil
Kol 4] Feopirol AMgsldw, 1 v F5v 4
g FAE Fahajol] RSl FFE ARgsieich
TTFREL 15~20% glycerololl @EF -85°C 24
FaolA BAslgch Pel AR+ nutrient brothel]
] oF 4817 A el okt vk AN 10 plg AR &
3] polygalacturonic acid yeast-extract agar(PYA) ®j
Z] (polygalacturonic acid; 10g, yeast extract; 10g,
agar; 15 g, phenol red(0.1%); 10 m/, pH 7.2)°ll &2
3L 28°CellA] 24~48A17F Wikt &, wiA] 9ol 4 N HCL
<+ ] colony FH] 7|& &3l (clear zone) FF(Fig.
)E ZAFIATH?).

Pel 84=3d. Pel 84322 Starr $(18)°] H
gk uiy o 2 AAJslede}. 0.26 ml9] reaction buffer(0.5
M Tris-HCI, pH 8.5, 0.06 M CaCl,), 0.24 ml®] polygal-
acturonate(5.75 mg/ml), 0.1 m/&] Ao wjok AbA] &
2+ Z3+ste] 30°CellA] spectrophotometer® 235 nmell
4] %3=(optical density, O. D.)S &As}3ic}. Pel &
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Fig. 1. Effect of temperature on pectate lyase formation by E.
carotovora subsp. carotovora (A), E. chrysanthemi (B), P.
marginalis (C) and X. camperstrie pv. campestris in minimal
salts medium added polyglacturonic acid (0.5%).

A e 185t FHEE 1.0 77 a4 3
1 unit/miZ st}

Bt It Pel 240l OIXl= €& =44 (Car-
bon source)-> arabinose 5 16ZH(Table 2)5 mem-
brane filter(pore size 0.2 W)Z 43} FF3F ¥ min-
imal salts(K,HPO,; 7.0 g, KH.PO,; 2.0 g, MgSO, 0.1 g,
(NH.):S0: 0.1 g) HAulA ol 0.5%2] 557} 522 3
7hsle] Aledulofst 3 12,000 rpmell4] 58-7F QAR
& o wleF A AE F3be] Pel EA4S S8}

ME TASVE EF. AR AEE 70% olvhdol 14,
0.35% NaOCI= 3¥7t Za%sly 23,2 33 A%
micropipette-8- tipS- =2 A7 Frdol| 74-& W] nu-
trient brothell A <¥48417} v <}gH(28°C) Al sty
£ 10 u¥ AEdte] waserin® 2 PYg o wjd=io g
Hol A 314 5, 10, 15, 20, 25, 30, 35°C uioF7)el
24zt vljofsle] 24417 dA o7 BIE AzxA e i
FAE S48, 3ukE Al AJsld)

2 o

AE HRIMIZO! Pel 246&2E. PYA wixl4tolA] Pel
[o]
o

< Pel 84& Jebllx, P viridiflava, P. fragi, P.
syringae pv. coronafaciens= 217 1~3 mm=z 2 Pel
X8 velWed, E rhaponticis EE VIR 975
= A7 1 mm °]3}l2 Pel @40 o} vlFstAv) &A
o] A3 ¢l cH(Table 1).

EINRI0l Pel 40l OIXls Q& Ecct 16579
44 2 pectinellA 1.8 unit/ml, PGAd A+ 1.7 unit/
m/®] Pel &4 vtebll ov}, D-raffinosesll A+ 0.3 unit/

Table 1. Comparison of size of clear zone formed by phy-
topathogenic bacteria on PYA plate®

Clear zone (mm)

(>3.0) (1.0~3.0) (<1.0)
E. c. subsp. carotovora P. viridiflava E. rhapontici
E. chrysanthemi P. fragi A. avenae

P. 5. pv. coronafaciens B. glumae
R solanacearum
P. s. pv. glycinea
P. 5. pv. tabaci
B. cepacia
B. gladioli
X. a. pv. vesicatoria

P. marginalis
X. c. pv. campestris

*Pel activity of tested bacteria was assayed in a PYA medi-
um containing 0.5% of PGA.

®Pel activity was quantified by diameter of clear zone on
PYA medium.
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ml, 25}H] ¥kl A& 0.1 unit/ml ©]3LE Pel E4do]
A9l itk (Table 2). Eche pectinoll4] 1.4 unit/m,
PGA©lA 1.5 unit/m/¥] Pel 4% velya, D-raffin-
osell A+ 0.4 unit/m/2] 23t Pel #4-8 ¥ tH(Table
2). Pm+= pectin®} PGA©l|A4 1.3 unit/ml, D-raffinose,
glycerol, sucrose®} glucoseollx] kgt Pel 848 B3O
o, Xcce pectinllA 1.4 unit/ml, PGA°lA 1.0 unit/
m/, mannitololl4] 1.6 unit/ml, cellobioseell4] 0.9 unit/
mle] v|xd F& Pel 84S el v, D-mannose,
D-raffinose, glycerol, L-rhamnose, cellobiose®?} glu-
coseol| A= 2F3t Pel 442 viebich(Table 2).
HIZ2EQL Pel B, Ecce 20°CellA] 297F vioks)
918 wl2] Pel AL 2.5 unit/miZ wi-$ =9k, 347t
vl oFslod -2 woll = 0.6 unit/miE Pel &AJo] F43] A
stElglom, 57t wiekslelS wioll= Pel 4] A3
ARk =T 20°C Bob 7 32 2EH A= 1.0
unit/ml ©|&}te] & Pel A4S 21, wokAlZtel] wh
£ Pel 842 vkl we} oF7ke] Aol & vieblict
(Fig. 1A). Ech= 20°CellA 147 wiefatds o 2.0
unit/m/Z 8|24 =L Pel FAS B o wiof 24
oll+= 1.8 unit/ml, 3¥ A= 0.6 unit/m/ZE Pel EAdo]
w243] Zobxich 20°C B}l A I 2xx7]elA
£ 0.6 unit/ml ©]3}¢] F2 Pel #4-& el (Fig.
1B). Pm 20°CellA 147k wieFslsd-S o 0.35 unit/
ml2] Pel 48 etz wieF 27 <= 0.08 unit/
m/, #jef 3UA = 0.05 unit/miZ Pel o] Hoix]
o}7} wlof 4L A ol= Pel E4de] A& eptz] ookl
=g 20°C B AV 2 LA ujeksll &

A
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Y~
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-~ 23
£52 A
59 N A
o E 1 =N
< EN A
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Incubation period{days)
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Table 2. Effects of carbon source on pectate lyase produc-
tion in phytopathogenic bacteria

Pel activity (unit/m])

Carbon sources’

Ecc Ech Pm Xcc®
Arabinose 0° 0 0 0
D-Mannose 0.1 0 0.1 0.3
Lactose 0.1 0 0 0
Pectin 1.8 1.4 1.3 1.4
PGA 1.7 1.5 1.3 1.0
D-Melobiose 0.1 0 0.1 0
D-Tartrate 0.1 0 0 0
D-Raffinose 0.3 0.4 03 0.5
Mannitol 0.1 0 0 1.6
D-Maltose 0 0 0.1 0.1
Glycerol 0.1 0 0.2 0.3
L-Rhamnose 0 0 0.1 0.2
Cellobiose 0 0 0.1 0.9
Sucrose 0 0.1 0.3 0
o-Methyl glucoside 0 0.1 0.1 0
Glucose 0 0 0.2 0.3

*Bacteria were grown in minimal salts medium supplemented
with 5% of each carbon source (0.5%) by shaking culture at
25°C for 2 days.

*Bec:E. carotovora subsp. carotovora, Ech:E. chrysanthemi,
Pm : P. marginalis, Xcc: X. campestris pv. campestris.

“One unit of activity is defined as the amount of enzyme
which increases of 1.0 absorbance at 30°C per minute.

o= 0.1 unit/miE P2 Pel 84S veblcH(Fig.
10). Xcew 20°CellA] 247F vieFaksd s wl 2.6 unit/ml,
25°CellA] 3¢7t wlefalad S wols 2.4 unit/miE B
A =2 Pel 34& Yo, 20~25°C B} =70}
Yo 2w A A= 0.5 unit/ml ©)3}e] & Pel &A]

S (o]
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Fig. 2. Temporal developement of potato tuber maceration by E. carotovora subsp. carotovora (A), E. chrysanthemi (B), P. mar-
ginalis (C) and X. campestris pv. campestris (D) at different temperature (ll 5°C, 5 10°C, N 15°C, ] 20°C, B 25°C).
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<+ veboh(Fig. 1D).

ZAtE &g (tissue marceration)| DIXl= 2k
O| ¥&k Ecce 20°CellA AHEF 444l = o 3.8 g9
A7 2AE FHAHAS, AEF 1Y o|F4E 24
Brgke] FA3] Frlsldod, 25°CollM= AEF 4o
A 2k 2.6 gol AR 22L& AR, HEF 3¢
A7EA = A B Fe] A A2 Freint. 1
2} 5°C, 10°C, 15°CollM 9] 2iAtzA] B-3akd 1~2d
748 AR Frleke meFsig o} 3~4delAM=
w2 2] 248 B A A HFig. 24A).

Ech& 20°CellA AHEF 4dA A4 229 3=
2 oF 44g, 25°CollMe AHEF 447 oF 28g2 =
Eccitl A H3]ero] @ty x4 % EccHr} 23
B3] wko), A FA18HAl vebdeh(Fig. 2B).

PmE 20°ColA AZF 444 < 3.0 g2 A4S
BHARI, 25°Celld= HEF 497 o 2.2g9 =27
< B3 AFA Ecc®} Echirhs ZAt=7 229 23]
o] kg 7l o2 Jepytri(Fig. 20).

Xcex 25°CollA] AEF 494 ZAAaA 229 B3
2o ok 20g |9, 25°CollA HEF 4dA2] A
gk oF 2.9 g o 2 ehdol(Fig. 2D).

T #

Al E-ol] F-E(soft rot) A4S do7l= AEHAAT
| AAbshe Aol Hig A7(2,4,8,10,12,15,20,21)
= B3 FIE o, aFAe 53] 759
g s A3 BA7F QI Peloll gk A7) o} & 34
| v]3te] W& A7}t 3= $ict
B A7 1672 AEHUAA Tl HE Pel &
A& 7343 A3} Ecce, Ech, Pm¢} Xce 475 1] Pel
FAjo] T 722 Vel o, XecE Al¥dtae AMa
o] FEHS dog|e AEHAATLE Pelo] AT
A Ez2A B3ohs WA #A7) vk AL o e
=t o] Pel &Adell vlX]& o SFollAl= £ Al A}
23 = E FF7} pectin® PGAE H7IRE wiA] oA
Pel &4 o) m]$- &A b=, o]+ Collmere} Ba-
teman(4), Gijsegem(7), Tsuyumu®} Chatterjee &
(20)0] B.& Ax}e} Ux|3}v, Chatterjee 5(3)= 71
Rl x| o] PGAS A7}t E. carotovoras vhokalel &
ol = Pel &AJo] w9 =9k, glucoses AH7}sked ul
F3l5 & woll = Pel o] wi$- Fhagicia shelon,
glucose H7HA EAaFA o] "R AL T2 4]
A g o} AAgHdo] A=) Wl sz,
EAZHe A 849 pectind} PGAS] 717} Pel &
4& F7} A7l 2L o]F°] Pel fr= H At T8
gt 71A (substrates) 2412] 7]5-% 3}7] &l A=

o4

z

£

Az},

o2 =9} Pel AL 470F T 20~25°CellA] nlek
31912 w7} 30°Cell A v oF3tsl& s B} Pel &Ao] =
2 A2z Jehgedl, o] Z-ollA olaid el &
Ao] AA=7| Wil Aoz AztEc}

A7 2Agel Lxele] FAlNA = 20°CellA]
7H B-3He] Fpatol o, o]t AV U 250
A Bo|He] b4kt o) Pel #Alo] 20°CellA
7 & AHE F Aok =3 47FF T A
(5°0) A= 2AE7} Ay Loz 7102 Hol &
Aol olzlgt Wl A= AaE A s
ARAF e B2 T5FAE T3l 98 a7t 24
22 AzEr

2 o

16%F2] Al & WA AlFe] Pel 3418 247 A3 A&
o F-EW-E doy|= E carotovora subsp. carotovora,
E. chrysanthemi, P. marginalis$} XA 33} 4ol -2
4l #2w-S A0 7= X campestris pv. campestris 4T
F71 % L& Pel 48 ey, MSHlAle 165+
o] ©4lg 77t Artsle] okt § kol H o] Pel &
A& 243 A3} pectin == PGAE 22 Arlslgl$

475 25 71 52 Pel 34 bl o, Pel 3
AL 5 Y B9 F5el we} 2kl 7t sl sieh. Ecc,
Ech, Pm ¥ Xcc®] Pel 842 20°CellA] wllof 31518 o)
7P =2 848 Ve, olRt =AY G2
A& Pel &40] ZH4stdnh. Ece, Ech} Pm 20°Cell
A 27 22e] yA &) 1A weks, 2257
g W ubd) Xecky 25°CellA A4 2329 57
&yl wiey 2 FHE golr)
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