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Abstract: Bis(2-ethylhexyl) phthalate (DEHP) is one of the plasticizers used in the
polyvinyl chloride (PVC) industry. It is known to be easily released into the environment. In
this study, we investigated effects of DEHP on growth, metabolic pathway, and virulence
gene expression in soil-borne bacterial plant pathogen, Pectobacterium carotovorum

SCC1 using in vitro assays. As a result, DEHP at 20 ug mL™" did not affect the growth,
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cell membrane permeability, or ATPase activity of P carotovorum SCC1. However,
it decreased succinyl-CoA synthase (SCS) activity in the tricarboxylic acid (TCA) cycle.
Relative expression levels of virulence genes encoding pectate lyase and pectin were

differentially influenced by DEHP treatment. These results suggest that biological
characteristics of P carotovorum might be influenced by DEHP in soil.

Keywords: bis(2-ethylhexyl) phthalate (DEHP), phthalate, Pectobacterium carotovorum

.

A AR R ZataE Algeko] 2712 AR S )7
Zetago] EoEHA o R FE5 0] o]2 <l
9 AP ST Gk, SRR ofje B
AZ op7|eh=d], H7|H ZatAElS ujslAL} vl

= (biosolids), E|H]|} A H|d-& AFHET o2 &

AEo] EQFo| &2 02 25T Tt (Wang et al.
2019a; Kumar et al. 2020). T3t o]zt ZetAEle FAkst
2g S0 ulgg Yz BejEEA o o ot

ol
rsh S

ar
2

Lo Hord
Hn

398 (©2022. Korean Society of Environmental Biology.

=23 AstAY, EoflE= oA frEE 280l EY
I ESFE 7HEo g ok AEAlel= 066 == U
T}l B 1% lTh(Wang et al. 2019a).

Bepree RelswA A7pE AHSE AT} 87
o fEHE, FaHe tEAel 7IAA R = bisphenol A,
bisphenol F, bisphenol $¢} Z-2 A= 313}E (bisphenol
compounds) T}, diethyl phthalate (DEP), dibutyl phthalate
(DBP), bis(2-ethylhexyl) phthalate (DEHP) 5 X%
=ef|o] E (phthalate) 7} Q1TH(Net et al. 2015). ”E}E] ]
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Effects of bis(2-ethylhexyl) phthalate (DEHP) on Pectobacterium carotovorum

d& 407111, ol 7o AR I FrL HAHGL
Tt (Oehlmann et al. 2009; Rochester and Bolden 2015; Kim
et al. 2021). E2 FHATH o9 249 F8 A4 o
& ohH, T A7 A oAM= EG U ZEeolE S
0] 0.14~2.13mg kg™ (B 0.99mg kg ™), AAA HE
He &2 0.15~6.94mg kg (B 1.49mgkg )% Ao w
B =T} (Li et al. 2016). Wang et al. (2013)°] THEH E
ool A = phthalic acid ester (PAE) 9] 55+ 0.15~9.68 mg
kg 02 FHLQIoH HEEIA, 1% di-n-butyl phthalate
(DnBP), DEHP, di-n-octyl phthalate (DnOP)7} 73 B2
el PAEsO| QI 71 Wol AMgE= 7HAaAl F skl
DEHP= 371, 2, EY 5olX AE= 1, aket4] dgto] of
=24 dekom o]foix qlo] 4A & UEH,
S A WZH] Wt doivky A Utk
(Bagé et al. 2005). Y, Du et al. (2009)2 “52H2-2 AHulgt
o AMg-Sh= B4 BIEolA [ DEHP7L AEE o3
d 7Fs7dol lthal B arsheich

o 4% AEUS Pofots B4 AUl ot 2
EA eS¢ o7Ith (Pérombelon and Kelman 1980).
P. carotovorum®]| &J5l] ZHAH AEA|= B} W= F
Eolut ZsHo] A F9lofl =34de] Wte] A7|H,
7| WAz Harete] BelAn MOmA ok} WAL

=
carotovorum®| A% W AL HAAd I} T pectate lyase
o} pectin A HH T = T

S F=24] in vitro
ket ek
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1. i vt A2 Bt

P, carotovorum SCC1+= Luria-Bertani agar (LB, Difco, USA)
off 28°CoflAl 48AI7F vifet & Tl E2UE LB brothf
FE5to] 28°Coll Al 48417 B stdet. Bl SCC1 (2.3 %
10’ CFUmL ™)< 0.4% glucose”} 22 M9 broth®l 0.01%

tween 202} THRE 5521 (10, 20, 40, 60, 80, 100 ug mL™")
DEHPE Z7F5t] 28°COllA] 160 rpm O & 48A|F F<F i
oF5FATE. HioFY 1 mLE 9 mL2] 0.85% NaCloll @1 &=}
2oz oAt 7,100 uL o] 314 M-S LB agaroll =5k
28°CONlA] B 53Tt 48417 BHSF ¥ colony forming unit
(CFUmL )& 2439 o, t| 22 DEHP7} 37}5
2] & v A& AHE-SHATE

2. TCA cycle

P. carotovorum SCC1 (2.3 X 10’ CFU mL™")+= 0.4% glucose
7t FF5 M9 brothll 0.01% tween 203 20 pug mL ™" 2]
DEHPE 7Rt & 8|Sttt DEHPE A 2|5hA] b2
Hj 2= o272 ARSI 48417 Bl &, ol
13,000 rpm, 4°CoA 108 5 AHEZSI #FE e
30, ZFZ+9] kit assay buffer®l] ODegoo=0.12 AEFoF] ALg-
sttt Citrate, glutamate, oxaloacetate, pyruvate, isocitrate,
malate, fumarate, succinate, a-ketoglutarate, a-ketoglutarate
dehydrogenase (a-KGDH)), citrate synthase activity, pyruvate
dehydrogenase (PDH), succinate dehydrogenase (SDH),
succinyl CoA synthetase (SCS)E Z745t7] 9Iall ZH2Z} assay
kits (MAKO0S57, MAK004, MAKO070, MAKO071, MAKO061,
MAKO067, MAK060, MAK184, MAK054, MAK189, MAK193,
MAK183, MAK197, MAK217; Sigma, USA) S A}-8-5}9tt.

3. 9t £0pda} ATPase

fjet ol iRt T wigdolM AHEeRt dAlE
mM HEPES buffer (pH 7.2) 2 FESI] ODgoo=0.5 5%
= 9 & AFESHATE 1-N-phenylnaphthylamine (NPN; 40
uM stock) SO uLoll 5 mM glucose, 1 mM sodium azide”} X
&% S mM HEPES buffer (pH 7.2) 50 uL2t o FEFH 100

= Jo

pb= 55—
Finland) & ©]-8-5}9] excitation (355 nm)3} emission (405
nm) A4 S35 (Loh ef al. 1984). ATPase TS =
5t7] 9loll ATPase/GTPase Activity Assay Kit (MAK113,
Sigma, USA)E AME-SFSIT. HAHE2] 3t o F assay buffer
(40 mM Tris (pH 7.5), 80 mM NaCl, 8 mM MgAc;, 1 mM
EDTA) = dEoto] A8t 4mM ATP 10 uLoll FEFH
20 uLE B 3027 WESAIZIT WEG-AIX] 2, reagent 200
uLE 211 3087 TA5te] 620 nmol A SFEE S5}

.

¥ &A] Hidex Sense microplate reader (Hidex,
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Table 1. Virulence gene primers used in this study

Primers Primer sequence Tm(°C) References
pelZ-F 5’-CGGCTCACACCAAAGGTATT-3' 60 This stud
pelZ-R 5'- CCCTTCCCACTCTCCT-3' 62 v
pell-F 5-TAAGGCAGCGAGTCCAGAAT-3' 60 This stud
pell-R 5-GGTTGCTGCATCTTCACAGA-3' 60 v
pec-F 5-TGGCGCTAATGTACTGACCA-3 60 This stud
pec-R 5'-CGTGATGTAATCCGCCTTCT-3 59 Y
gyrA-F 5’-AAAGAGACGGTCGA GTGC-3' 60 Kravehenko (2021)
gyrA-R 5-TCAGGTTGTGCGGTGGAATG-3' 63
4, B8 oA TR A -
DEHP A&l I3t P. carotovorum SCC1 52| A4 11 * ° d . o
B Al ol A WAl Sk, 2 0] s
= glof 2ol Mjel QRS Evlelant #EE 2
easy-spin' " Total RNA Extraction Kit (iNtRON, South Korea) g ° *
2 88
£ A8t RNAE E2]6k1, cDNAE TOPscript RT Dry >
- [ ]
MIX (Enzynomics, South Korea) & AF8-5t] 2Hdot3ict, A 8.7 1
Aol AFE2F primer set= Table 12+ 2T} Quantitative real- 8.6 4 .
time polymerase chain reaction (QRT-PCR)= ?|5ll, CFX96
8.5
Real-time PCR Detection system (Bio-Rad, USA)S AHE (l) 110 210 4]0 6Io 1(;0

stk gPCRE 95°Col A 108, 40 cycles 95°c°ﬂ*1 15%,
56°ColA 3023 & 72°CollA] 3022 At TE&E 5
Yotk gyrA FAAE @%2]'5]'—15 o] Apgstglom A
Al =5 245H7] f15ke] 274 method (Livak
and Schmittgen 2001) & AH8-5FSIT.

5 SAEN

SAEAL R studio Z2 1 (version 4.0.5, Rstudio Inc,
USA)—ET o]— q- ZJ_H-/H_L]- _-_,_/K]— 7—1 Z‘]——— oﬂ o]—

PHE-4] (analysis of variance, ANOVA)= =335}t /‘} S 74

Xé*o‘i 2| 47212 (least significant difference, LSD)<
&9l p<0.05°14 FoldS HAsHAT

a
23t Y Dy

DEHPZ} P, carotovorum SCC1 w52 A7l 02+
S 2AKH| flte] theFst Fo] DEHPE Z4HiA]

400 (©2022. Korean Society of Environmental Biology.

Concentrations (ug mL™)

Fig. 1. Effects of various concentrations of bis(2-ethylhexyl)
phthalate (DEHP) on the bacterial growth of Pectobacterium caro-
tovorum SCC1.
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A1} 4 ZMH = 100 yg mL™'7k2] DEHPE &

A P carotovorum SCC1 7NA|wt WS} F-2JotA| FFS
2] Skt (Fig. 1). 48A1ZF Bi%F & CFU mL™'& B7H
7] wizell AdzelA Algtel| whe 4 AFES Bt
SHA] A, v FEA0) A= i $ DEHP A 2of 2]
2t SCC19] AT Wdl= TR R] 2ttt o] Ristoq,
Shafikova et al. (2018 )~ Z|AH}Z| || A P. carotovorum subsp.
carotovorum w50l DEHPS A 2|5192 |, DEHP 5= 7}
274l Wzt biofilm A140] SAE] 7 ] A17g0] 2713}
A% FHER 2o SVEE Ao 4TS
Fe e Aol 4§92 Dok o He)

2 A= glucose s FFU L= P2 A A]of HY

O]l Egl';
r olt
=
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SFAAL, Aol Alits 575k ®A1Q] colony forming
unit (CFU)E AR&sto] Aelxzdo] th=7] wjZe] 2yt
Aolgt Ao g F=Hrct

P. carotovorum SCC1 TAIe]l DEHP7} B 2|= G2 B4
st7] $lote] A|lxzet F3Hg, ATPase B/, TCA cycle} T+
ARt 484 9 giAAE 24 A, Ayt Fabda
ATPase &/d-> DEHPO] oJdl] fofotA] dF= A o9k
T (Table 2). =47t T o|Eo] EHH, X
IO Ex Alaute] A4 Gl F2 o o5l
WA= 11, adenosine triphosphate (ATP) A4 22 AL
oA o] Fof= tAS WafiskAY, A At 22 Al
Zofol GG Fol AEY TS ABATHE Ao o
2] Qlth(Sikkema et al. 1994). Dimethyl phthalate (DMP)
= Pseudomonas fluorescens®] Alwtet H2FE f-otal, A4
I oqz] diAtet BRIE AESH 750 dgFE F= A
O 2 AHF T (Wang et al. 2019b). SFA|TE 2 ALof|A A
A3t DEHPS] 7% 2t viA]oll P. carotovorum SCC1E
HIFE 7%, ATPase B4 Al Zut F-5/dof ot ¥
S FA] ST (Table 2). T AT TCA cycledt T
A" gAY AR F Succinyl-CoA synthase Z/JTH

= =

FFE = 5 =, Pseudomonas sp. AKS2+E Polyethylene
succinate | 2|2 S #ol ZEofistHA TCA w2 o
AAFEQ A4S Bk Ao & A AT (Tribedi et al.
2012). E3L polyethylene terephthalate (PET)< =oflol=
&2 7H2lE Bl PETE terephthalic acid (TPA)
2} ethylene glycol (EG)= Eol5t1l, TPA= A2 ol 4] of
et H=E &5l protocatechuic acid (PCA)E F =] o]
TCA cycleS &5l tAME ™, Z3l4HE<] EGe= AL B =0l
2t TCA cycle®] A2 AFSE 4= lotal HAH T
(Yoshida et al. 2016; da Costa et al. 2020). ©]2$t T R
+ 7= 8wl SHAES AEAor FeshaA A
T Ao = ol FetAE Eof Fol FEEHw o]
Er Ao e ndE tit 4 9= € 75

ol &< ofnet.

Table 3. Effects of bis(2-ethylhexyl) phthalate (DEHP) on metabol-
ites in the tricarboxylic acid (TCA) cycle

Amount (ng L")

Metabolites
DEHP 2]l o]sff ZA-5}{th (Tables 3 and 4). E2tA~H DEHP(-) DEHP(+)
Citrate 0.27+0.19° 0.27%0.10
Table 2. ATPase activity and membrane permeability of Pectobac- Glutamate 3.53+0.48 3.45+0.59
terium carotovorum SCC1 Oxaloacetate 2.99+0.21 2.96+0.18
Pyruvate 1.19+0.01 1.19£0.02
ATPase activity Membrane permeability Isocitrate 236+0.27 3294212
Treatment Mal 9.0343.12 82343.26
uL"’ Relative fluorescence unit (RFU) alate RO e
Fumarate 3.97+£0.91 3.37£0.78
DEHP (=) 5267 £474° 866328+30779 Succinate 25.96+1.53 25.79+2.39
DEHP (+) 5168+ 568 829502+ 11288 a-ketoglutarate 3.52+0.23 3.37+0.03
#Mean + standard error. #Mean * standard error.
Table 4. Effects of bis(2-ethylhexyl) phthalate (DEHP) on enzymes related to the glycolysis and tricarboxylic acid (TCA) cycle
Activity ("M min™" uL™")
Enzymes
DEHP(-) DEHP (+)
Citrate synthase 0.0008+0.0001° 0.0007 £0.0001
Succinyl-CoA synthase (SCS) 0.001+0.008* 0.0005+0.0001
Succinate dehydrogenase (SDH) 0.006+0.0008 0.005+0.001
a-ketoglutarate dehydrogenase (a-KGDH) 2.09+1.45 2.19+1.66
Pyruvate dehydrogenase (PDH) 1.23+£0.70 1.50£0.50

#Mean * standard error.

*An asterisk means statistical difference by least significant difference (LSD) (p<0.05).
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Fig. 2. Relative expression levels of pelZ, pell, and pec genes of Pectobacterium carotovorum SCC1. An asterisk means statistical difference
by least significant difference (p<0.05). Error bars indicate standard errors.

polypropylene (PP)©] Rhodococcus
equi®] =77 T TSR] VapA T H-S Fsto] A
Z7MA AT G %] 2™ (Hansen et al. 2022), ZEHHO|E

7F A=A o] B Bo] ke A AyfEol B
T3 Qitk (Igarashi et al. 2006; Gascon et al. 2015; Martins et
al. 2016; Tseng et al. 2022). P. carotovorum+= 2= H|ZE
FoH= pectate 1yase91' pectinase 9] g4 E HEn|5lo] A&
of FEHS dorled, o] 7 a4t vt Az I d
o DEHP7} H|A]= S 245 23 pectate lyase A~
£ AT G5t pell} pelzo] WdATFo] 2 o] f-2
7ﬂ 7151, pectinase s UTF 5= pec TS 2

FTH (Fig. 2). ZITWHIFZEZANA P carotovorum @] ¢
J} o] 9= 7312 Ido] DEHP A -5l ot
2tx]= A o= Hol AA| 715 2H=o] e Bl DEHP
7} Z2Y8 Ao 22T A2, Eok} o|5keA H}T
o] TjopolA Yoldk A2 oFEIct DEHPYL £ £3

ol e} mepep el Fi gl ke w, ARA] Ale]
A HSE 4o 7]7] ufjRof o]zfgt QQlo 7 v WhAjef
Fe = 7 Qo] FFo AEA A HAS stk it
(Ma et al. 2013; Gao et al. 2020; Ge et al. 2020).

2 AFol|l A= DEHP7Z} 9t iR Al P carotovorum
SCCIE HIFE 47, vz HolMe At ez 744
- X Succinyl-CoA synthase= A 2|2t TCA thAF ¥ &4
& ol WalstA] kAN HAAT HEH pectate
lyase®} petinase ] 27} AdolotA| AT, o 2gh
in vitro 7 Y= %O 2 DEHP 59| &80l EGlA P
carotovorum®]| |3t ¥ TAY Fof] F= JFS Aot
&84 5 s A o= AlmErh

r{m
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H, pectinase 2= At A 0 = WA Fo] A6t wt
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