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Precursors for the Ethylene Evolution of
Pseudomonas syringae pv. Phaseolicola

Bae, Moo* and Hea-Young Kweon
Department of Biology, Ewha Womans University, Seoul 120-750. Korea

Abstract — The purpose of this work is to investigate the effects of various substrates on
biosynthesis of ethylene by the Kudzu strain of Pseudomonas syringae pv. Phaseolicola causing
halo blight. In the intact cell of P. syringae, optimal condition for ethylene production was
achieved at pH 7.5 and 30C for 9 to 10 hours of culture. Ethylene was most effectively produced
from amino acids such as Asn, Gln, Asp ans Glu, compared to those of various kinds of sugars.
While ethylene production from a-ketoglutarate (a-KG) was gradually increased throughout
51 hours incubation period tested. Ethylene production derived from citrate, a-KG and oxal-
acetate as well as a few amino acids was further enhanced by the addition of histidine or
arginine. In cell-free ethylene-forming system, ethylene was most effectively produced from
a-KG, compared to those from citrate, oxalacetate, Glu, Arg, or Asp, at 0.5 mM among the
range from 0.25 mM to 5 mM. Aminooxyacetate, an inhibitor of a pyridoxal phosphate-linked
enzyme, completely inhibited ethylene evolution derived from Glu but not affect that derived
from a-KG. The results obtained in this work suggest that «-KG might be a direct precursor
of ethylene production in this organism than any other substrates tested.
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Aol 23 ofiedal Aol A= Hr]H F
Mol «38 HelAHd oA o] ale] UL
Goto 5-(20, 21)-& Pueraria lobata(wild) Ohwiol| 4
1EWE dorle= Pseudomonas syringae pv. Pha-
seolicola®] Kudzu straine] t}& AH4fo|r} F3oel,
AR ch 500~10000] 22 oldalS ATy B
astgch o] #FE AEF 2e] methionines
AfA 2 ARMRskz] ¢y, SFolx ¥ a-ketogluta-
ratev} glutamate & 73| & A}g-go)ir B arseiv
gelv} FH tell: a-ketoglutarater} glutamatez} 2
A9l HFAel7] Hrh= oxalacetater} pyruvate?
7hsAde]l HaE|e](22), o] Aol 2% =g o
gl A 3 Y AgREAe] dEA A Hth
o]7jo] w}&| 2| ofelall A4 7]zt Wr opz} A
Edle|std Fdold nxWs s Hshew T3
Avie]zl d Zela, viaje] Fats] B 244
ol A4S 7| 7 US Zelth

o]g} zre. Eeol olzto g P syringae?] intact
celli} cell-free systemel] 2]&F of&ddl AAJolA o}
&t 7]zle] AZbazsE v, AE3te] A AH<
AFEAHS 2l prE Uk

AMEARAF 9 X =Y

B Aol A48k #F== Y& Shizuoka o} & Ma-
sao GotoZFE] B-oF vke Pseudomonas syringae pv.
Phaseolicola(Kudzu strain) & AF8-3s}gic}. o] #34
i 2= YP el 2](20) & wWHEsto] ARg3lsdon, L
#4318 yeast extract 10 g/l, peptone 10 g//(pH 6.8)

olc}.

ol kY

5mi YP wiz]el Apwf ]2} & & whgo] HF
&ted, 30T A 10~154]7F zledwfeksla, o] wioked
% TRl el 4% G Fste] 2477 (10
A1 ZE) zlebe) st gk

Intact celld{A|2] ethylene Az =X

weFo] Exb mjefFeds 2,700 X goll A 208-7F 14
Ba)dled FAHE 3}z, 10 mM phosphate buffer
(PH75)o] slet § cha) slalpelste] 45 o

15

2] 12 F hufferel] #Es}ed 660 nm FHE7F 147}
H X8 3]4ste] HEAHET7E L6X 107 cell/mie] =
2 3lddel 15mi vialel] A& E) 1.8 miet 0.2
m/¢] 7)1 AL Yol 7 FulslE 2 aluminium cap-g
A HEg F 30C A Aealgich WA A 7HA
o2 474 714 02m/E FA7|E #HEho] gas ch-
romatograph(Shimazu GC-9A, flame ionization de-
tector, V Porapak-Q, column temp. 80C, detector
temp. 120C, carrier gas N,, flow rate 40 m//min) %
A3k o}

Cell-free extract®] Z=X|

YP uif 2]l A 452171 o) 7hR] wlekgh Al Z el
oFallg 2700Xgell A 1657 dAlEe]ste] HAE
3)=3} i 10 mM phosphate buffer(pH 7.0) ol &=}35}
odvt =&yl FEH7](Braun-Sonic 1510) % 400
Wattol] ] Y 7}at 2] 6871 A5 I3l dle] 4Col A
chA| $1415-2](16,000 X g, 205§ AFS o8& cell-free
extract = AR&-3}1chH(21).

Cell-free system®|A{2] ethylene A{AMZF A

Cell-free extractel] 2]%F A 2] ofedul RAAE
ubi-7] £18l, Goto 5(21) 9] assay mixtureg} Bl o
mpekat, 147 Zofl A x 7] 3| += gas chromatograph
2 BAsle] A% oelayl oF& n/(mg protein) -
h'& EA|&ksict

clyalo] H

Cell-free extractj2] whl a2 Lowry 5(23)2]
didof| oz} A 38led bovine serum albuming 3
Frbml g sled Haksloich

F

Z o 2%

Pseudomonas syn'ngaeﬁ*—l %‘ﬂ 31'-1L ethylene %é:

ngae - 10'-'11f‘] Zholl 2 2] ?]-r b]—E}-L]—] w2 2=l
RoiFalin, AR GG T Sl AH
Hrda 2l dE2FE AR 7] 2o FHURE veh)

AAcH(Fig. 1). A2 %—301]*1 11477} e <
Ho g wvldlste] 7181 7] wiTell B Agel =
104]7F wieof Fol] dAlE 343tk o] Al o
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Fig. 1. Growth curve and time-course of ethylene pro-
duction in YP broth by Pseudomonas syringae.

el Ajo] ARG SAl= T3 Penscllium di-
gitatum 3-e- QR84 ¢t o}(24), Pseudomonas so-
lanacearum = L2313 tH(20).

Intact cell|Al2] ethylene A4

ofolicaAl, f7iAL HRS HE: E AT o
QAo A cyokalk 71 AFanE: JAAAT M3
° 3 zA}s}eic(Table 1). o] ol phosphate buffer}
7+ 713 9] pHE 6.8% 3gich 51A|3ke] wiek w4k
ojdal AAek2 Goto 5(20)8] ZAFeNA a-KG7H
=24 AE el A syl A 2] Asprao-
KG>Asn>citrate>GIn>Glu>oxalacetate(OAA) <
o2 Jepton, s Al gl o-KGe A7
wla} A& o g Zriated 5141k HAAE e}
Uigich o=l AQAle] HTEAe] BEACERE o
eld PAdo] TCA 3|22t 7o) sl UFS ot
el U}

Ethylene Aidol| FES o|x|= v &=7ie] HE ©
B ogae] HA A EE ofddl A2+ Goto
=(20)9] B} dA3 30CE ZAEG 2, oidEl
AAdeljA pHOl <dek& mAbgh A3t pH 75004 o
gl PAdako] HARE R A vAA]). =7
7} pHellA4| 71224 Aspit citrate S $31& o ¥k&
% pHye 74~752 et sy, kg4 2] pH7} 6.8

Kor. | Appl. Microbiwol. Bioltechnol

Table 1. Effect of various substrates on ethylene pro-
duction by the intact cells of Pseudomonase syringae

Ethylene produced
(ni X 10° cells)
Substrates (0.2 M)

After 1h 10h 25h 51h

Amino acids

L-Aspartic acids 482 574 558 561
L-Asparagine 455 514 528 533
Sodium glutamate 414 490 487 464
L-Glutamine 315 483 517 499
L-Serine 369 381 404 430
[L-Arginine 84 124 129 138
L-Proline 274
L-Alamne 136
L-Valine 71
[.-Methionine 65
Organic acids

Oxalacetate 269 392 389 359
DL-Malate 141 288 306 268
a-Ketoglutarate 181 353 525 559
Sodium citrate 179 517 530 535
Pyruvate 226 273 287 264
Sodium succinate 235 259 240
Sodium acetate 180 184 182
Sugars

Saccharose 206 325 331 320
(Galactose 138 222 246 246
Fructose 213 304 328 306
Glucose 215 247 257 236
Mannose 171 243 244 224
No substrate 40 48 48 49

Initial pH of phosphate buffer: pH 6.8

wj o= 2] 7R Axkdql 7]1AE Asne® pH6.8Y
w 2] Asp Hr} 2u] o)Al w2 olHale Al
(Fig. 3). ule}a] o] %] 4132 30T, pH 7.5 d}ch

Clatst 7|Ae| s LG8 gl Ao a3l
71HZ AR 714t ofe]e4he] FEel o o
39 AR A3, 72 {714k Tt Fobded a2
ol QAjo] ZFrlsle S HurkFig 2). 0.1 M
o] 8] Aol A citrate2} a-KG2] ol dqll HA =L
9~10217tel] FHRAE B o}, 504 M)l
B AZbe] ule} A& e g Zrhste] 51417 el FH
22 velyigith AEsSeliA 10217 o] Fof ezl
RAdekel Z27F giddd AL 71de g i oE
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Fig. 2. Effect of concentration of organic acids on eth-
ylene production by Pseudomonas syringae (51 hr, incu-
bation).
O~—{: Sodium citrate, A—aA: a-ketoglutarate,
[J—[1: Oxalacetate

1600

1200

800

Ethylene produced {nl/Xx10° ells)

i
0.2 04 0.6 0.8 1

0 i
Concentration (M)

Fig. 3. Effect of concentration of amino acids on eth-
ylene production by Pseudomonas syringae (51 hr, incuba-
tion).

O—0O: L-Asn, a—a: Sodium glutamate, @—@®: L-Asp,
A—a: L-Gln

Az e}, gl olvkaly Fxel upe) ojdEl A
ko] Z71sled o} (Fig. 3). 98] FEoll A ofv|i il
o]3 ojedal AL 10417}e)] FHdlAE HolEd),
Asp2t GluZt 7142 o] &-F0-& wie] ojdal YAl
3AIZE o) Fell £ F7F 9= b, o]712] amide’)
Asn3t Glng 104]17Fe] ol sAdeko] 3x)7ke] 2
vl2 SAE o) olef 22 A didudlo g o
Mo} acid ¥ejRr}t »2]7] W08 AztEL, o
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Fig. 4. Synergistic effects of L-Arg and L-His on eth-

ylene production from OAA, o-KG and Sodium cit-
rate.

Table 2. Synergistic effects of L-Arg and L-His on eth-
ylene production with amino acids as substrates

Amino acids L-Arg L-Hhs

(0.2 M) 138.4 644.9
L-Asp 743.8* 950.2 912.6
L-Asn 1322 1486.8 1333.3
Sodium glu 735 1001.8 973.2
L-Gin 891.5 1107.5 1074.6

* Ethylene produced (nf X 10° cells), Ethylene produced
was determined after 51 hr. incubation.

dal AAell= Asn3} Glno] o £2 7|4= o] &
%t
olu|cAtzt R4 Z2EF D} . P syrmgaes cell-
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Table 3. Effect of various substrates on ethylene pro-
duction by a cell-free system of Pseudomonase syri-
ngae

Substrates Ethylene production™®

Organic acids (0.5 mM)

a-Ketoglutarate 310.8
Sodium citrate 19.7
Oxalacetate 11.8
Pyruvate 7.9
Sodium acetate 7.1
Sodium tartrate 4.92
Sodium succinate 4.68
Fumarate 4.45
DL-Malate 4.4
Sodium oxalate 3.3
Maleic acid 2.78
Amino acids (5 mM)
Sodium glutamate 88.7
L-Glutamine 15.5
L-Serine 11.2
L-Proline 7.89
L-Alanine 5.77
L-Histidine 5.62
[-Methionine 4.41
L-Asparagine 2.92
L-Arginine 2.89
L-Aspartate 2.53
Sugars (b mM)
Saccharose 8.33
Glucose 7.89
Xylose 752
Galactose 7.5
Mannose 7.0
Fructose 7.39
Maltose 7.31
No substrate 6.31

*ni-(mg protein) '-h™!

free systemel 4] histidine®] 01]%311 s F41g
v BFRTH(21). A7 FAE
At w714 FEEAE dS “él‘:“'ﬂ?fml ZARE
A3, Arg®F Hise] f-714bol| o]at ol Aalel] A
A &7} 9ldcH(Fig. 4). Oxalacetater ArgH.oh=
Hise| A7} 40% o) Be oldiE AAdshsdy,
o] oF2 2 A17ke] Asn(0.2M)oll o3 o=l 4
A3 vlsegr ofo g velydt). Citratee} a-KG+ His
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Table 4. Effect of concentration of organic acids on
ethylene production in a cell-free system of Pseudomo-
nas syringae

Organic concentra- Ethylene production
acids tion{mM) n/-{mg prot) *h ! %
a-keto- 0.25 278.5 95.3
glutarate 0.5 292.3 100

1.25 289.7 99.1
2.5 272.3 93.2
5 233.9 80
Sodium 0.025 28.3 61.5
citrate 0.05 40.3 87.6
0.1 46 100
0.25 29.6 64.3
0.5 21.4 46.5
1.25 9,52 20.7
2.5 6.8 14.8
5 503 10.9
(Oxalacetate 0.25 11.2 94.1
0.5 11.9 100
1.25 10.8 90.8
2.5 9.16 77
5 4.2 35.3

Hrhe Argel A7IESE o o E9pdelrt o] &
(22)¢8] B uel+ ] Argel His& Asprt Asn, Gly,
Glnell= A% &3p7p glgdch(Table 2).

Cell-free systemO|Al2] ethylene 4HM

oto| -4tz FI|M YRS dE 0 ArEae] 2
FakAl Fo] Ao & A A stz 98l cell-free systemo]]
015} ethylene Aol A Goto 5-(21) o) #H|x|3}=] ¢F
Ul oiekgl 71AHe] AHIEAE FARE A3 7
Al 714 a-KGol il o2 GluE A Y]t
(Table 3). Citrate®2} Gln, oxalacetate, Ser-& saccha-
rose, glucosez2 ool aatAolodrt a-KGe}
Glug] ofd=zl AL 147 Fob ASHL = Fr)s)
91, a-KGE Gludl] ®ls] 3 e -8
A A&kl e). Intact cellol|A] ol&=ll AMAlo] &3l
71H-E Axote® A4 FoEel dAARE E3
a-KGE HatE| 1, §4Ao ol oddler HE=
7302} A zrE]=v|, intact celle 4] FEF=Agl 7jAlel
Asn, Asp2 cell-free systemoil4] 22 ojelalog
Az x| 948 Azl Asnd AspE 7)AL ulo

oAt WL
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Table §. Effect of concentration of amino acids on eth-
ylene production in a cell-free system of Pseudomonas
syringae

Amino concentra- Ethylene production
acids tion{mM} n/-(mg prot) “h ' %
Sodium 0.5 44 37.6
glutamate 1.25 57.3 49
2.5 747 63.9
5 90.3 77.2
10 116.9 100
L-Glutamine 0.5 13 80.7
1.25 13.3 382.6
2.5 14.9 92.5
5 16.1 100
He FrEst w3 4 dldRos WgY 4 ol

el 2 W3l ez} A 2=l Cell-free systemel] 4]
7 &A<l o-KG7) intact cellol| A x| Zbel) u}e}
AEH 0w odEale] AMAdE A a-KGr AMEg)
Eell Ads7] e 2 APzbEct

Cikst 2[Ae] =5 HE: Table 4+ cell free?
o] 41 a-KG*2} citrate, oxalacetate®] T o3k = a}
gt 7o 2, a-KG¢} oxalacetater 7} 27)}3 o)
upe} ol AgAde] zhastel ATk citratert OAAe]
H 8 o] & 2438 A o= Ao g FAEr).
Glust Glne FXE7)F 71805 o @2 JAdqls
AAdsted o, Glue a-KGoll vl % oddko]
o5 EPtTH(Table 5).

MalH|e] HEk: o-KG2F Gluell £)3F olglall A A
of] 4 3152122} ethylene A §+4d # &) Al 2l aminoeth-
oxyvinylglycine(AVG) ¢} aminooxyacetic acid(AOQA),
CoClLe] <d3ks ZAbsldck(Table 6). AVGE 1%
AlE2] gl A3 I 5 SAMel 4| ACCHHAIE
A& sh=dl(4), F7|HERE| o] ol PAJe A
Asla] gkl Levt o] WY o E A Al
AOA+ pyridoxal phosphate-linked &24| 9] A A
2 aminotransferase Rh-g-8 A 3=H(22, 25), o-
KGZHE 2] YA 1 mMoyE 7o) JH3x] ¢
stovt  Gluell 213k ethylene AL 0.2 mMe]
AOA 238l 95% o)At ZA] A5t & Glud
°]3} ofj e &l A A2 glutamate dehydrogenase®l] 2|3}
a-KGE %315 & ethyleneo. Z A5l 7o| B
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Table 6. Inhibitory effect of various substances on eth-
vlene production from ©-KG and sodidum glutamate
in a cell-free system of Pseudomonas syringae

Ethylene production”

Compound
a-KG Sodium glu
(0.5 mM) (5 mM)

Control® 100 100
AVG (0.2 mM) 102.3 94.2
AOA (1 mM) 03.3 3.2

(0.2 mM) 98.3 5.2
COCl; (1 mM) 15.6 17.8

¢ percent of the control

" . without addition of inhibitory substances

AVG (Aminoethoxyvinylglveine), AOA (Aminooxyacetic
acid)

A4 AP Az oF 5 slek
2 o

Pseudomonas syringae®] intact celle] ] o=l
A& S} 617 g HAstz AL 30C, pH75%
ZAMEQ A, ohokgh 71 - e HFtadE e A,
Asn>GIn>Asp> Glu>a-KG>citrate> oxalacetate 2
Toz W oo A"-AS WAk = arg-
nine#t histidines A7) #7143 4 HA& o
off dall Aol &g ASAEIANE ellic)

Cell-free systemel] A+ a-KG>Glu>citrate>GIn>
Ser =2 2 0.5 mM a-KG<l| 4] 310.8(n/- mg protein !~

h D= 713 2L oedall & AlAl&led 3, aminotrans-
ferase A 4]¢] AOAE AF&-8) E A3}, Glu gluta-
mate dehydrogenase<l| 2l&l|l o-KGE A o=l

o7 H3lx] 7oz} A ziElc)
ZAtel e
2 A9 19893 % gh=radhalct dulr) ol -1-n)
of WER o)folfon) ¥ oAFe] Hra FAl HE
v
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