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Identification of Water Soluble Metabolites of Pentachlorophenol
(PCP) in the Suspension Cultures of Soybean and Rice Cells

1. Metabolic Conversion of PCP to Glucose conjugates

Pil Je Kim, Chang Kyu Park

Abstracts

A metabolic study has been conducted to investigate the conversion of pentachlorophenol(PCP) to
water soluble metabolites in soybean and rice cell suspension cultures as well as in intact rice plants.
PCP in plant cells was found 1o be exclusively transformed into water soluble metabolites. The relative
rate of the metabolic conversion of PCP in decreasing order was soybean cultures > rice cultures >
rice plants. Also observed was that, the older the cultures grown, the lower the conversion rate was. Pri-
mary water soluble metabolites isolated from both the 5 day olfi soybean and 8 day old rice cells were
specifically hydrolyzed only by g-glucosidic linkage specific glucosidase, suggesting that the metabolites
are f-glucose conjugates. The amount of glucose conjugates was increased with increasing time of incu-
bation of PCP up to 24 hr in both soybean and rice cultures; Thereafter, it was decreased progressively.
Most of the glucose conjugates were further metabolized to more polar conjugates in cells, but a portion
of them was excreted into the culture medium.
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%, FEE9A Aol:= YAk 1) guleuronic acid,
glucose 5 BRI} vk-S 2) glycin, alanin S
E# ofnxitelu, gluthathion & fHAon] =4k}
9 wk8 3) sulfurrt e uke, 2 4) alkyl
ft, acylt ¥§ Fo2 HEET od iy
& phase [| ¥hg-olet FohSTID 448 R0 A B
conjugation WH$-& EFH(V K ME(detoxification) o,
E B8, BEHdMe FAd dE g AR 48
HiEs, 28y BERE REMT 399 des
Bir=l 2 gich3e® 3k o= conjugation RHE A
I £RE R8s 98 AdAd E&E 23
Y AHE (secondary metabolites) 3} sla7tx 2 Eo
o Rt NEd gl Ao Ay, 8
A conjugates7t A o] A F& gAY
=4 clEZe AAgAEE dddo] o] FHY
ATt FaE 5 Slrk= F7lE AAHz QiokY

FZ4 conjugatesZ A HMFo] 715 % phenol
He UFT source2XE] o S &4
€ L9MTlE Aaor ¢8A itk 2 dFdMe
phenolfR b4 5 54 % X8 8oz
3t M B BAlel Aol $W pentachlorophe-
nol(PCP) & V¥sle KMHtms 2 MinEasi
g 22AM PCP7| kistefiitms Ad=e B4
< FEESt phenole] 73 & Frlol] 7lqstx
A ek

I. #% 9 A&k
AR > B

1.8 ¥

€ A7 ALEF f#E# PCP+ [phenyl —U-—
“CIPCPZ Sigmasleld MASIAT. HisteES
10.6mCi/mmolec| oM LBy M= TLC
9} HPLC= s FI 98% ololich @M
PCPs} BA3te] BRRE AMS3 JEiEH PCPe
AldrichAlel 4] 3tQ]§ 262 hexanel @ High
3t GC/MSZ &9¢ & A3l Scintilla-
tion flude= kiglE H¥H2=E  2,5—dipheny-
loxazole(PPO) 5.0g3 1,4—[4—methyl—(5—
phenyl—2—oxazolyl)] benzene(DMPOP)100mg
& 172 2] toluene—Triton X—100 EFM(2:1)4
282170 A, &2 Beckman4}le] Ready Valuerg,

wmEE BZ8e] A$= PPO 5.0g7 DMPOP
100mg-& 174 9 toluened] &&F e Azt g
e, TAA, kinetine, 24—D % agarE v]&
o MR AHEE A ES Sigmadtd 2

) of g0l g1},
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ol 8k o

He] A% ¥H (Oryza, Sativa, L. T3) 2] BEe
AASEL BET o 24-D(5.0mg/ ¢ )7t AR
MSH]| 2] (0.8% agar)E ol&, 28C <¢ZAAH 2
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Figure 1. Growth curves of soybean( B ) and
rice { A ) cells. Soybean cells were
cultured in B—5 medium in the dark
and rice cells in R—2 medium under
room light {200—300lux) at 28C. In-
oculum size was 1.5g cells/50m¢ of
culture medium,
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5.0mg/ ¢ 2 Zz4g R-—2 ulAo] callus 3~4g <
deste] 150rpmoz AP olFe] Auw)
¥ 24-De F5E 20mg/ ¢ 2 33, celle] &
Gl 53 Fi= Ao 43 A proline(1.35g/¢)
3 casein hydrolyzate(300mg/ ¢ )& 2]z} A7}
g R—2ulAlo] 1.5~2.0g 9] cell& A &7
WHoRE MY Aoz AT T ¢ vl
Ztzho] gt of 2 M £HHES Fig.15) 2t

3.
41 50g & AlYTH(22x50mm)e] Hem =5
5 2cm ol AL ¥ 28C fammdA 229

b REE R WES A E 2 ATl
37MA &AAR of 7000luxel % ZAANA 1Y

2 el AT
B %

1. PCP2| XE 3 Y cell £FHEH/E

vl ziZon MEME sl PCPel ¥x
7} 0.1~30ppmo] HEE U529 7 AU g
147, Bi= 24l methanole] &3]3+ PCPE&
50u¢ % Helslgnh. 7 8y 3 1297 u| e

% cellg S8l BAE 2RaY.

2. PCP2} 8Ly 3 BHARE
1) BuBiEE

Ui Aol = sAR ), vz sdAel JRE
# PCPe #E# PCPE B4AA methanolf&od
PCPe] #pE7F 1.0 ppm(0.2uCh) o] HES Hlg
F o]k mE PCPel {Erpaydl ke =A}
ATk A, celle] 7)ol ©& PCPo A3e
diFe] HFe dleF 1°d~1194, vz 29 ~1424
72 29 Ao R PCPE Aelsta 48413 %
shod ZAFSIR

HeuloF celld] 22 2 REull: Bligh--Dyerdt
He ot WS B4, olge]
cellg F&3te] 80mé &2 screw-capped vialo)
712 of7]d] Bligh-Dyer mixture | (CHCly/
MeOH/H;0, 9.6 1 19.2 * 3.8, v/v) 32.6mfE 7}3—]-&1
—10T elst YFzel 24417t 014 B aagi .
glg 0ColA 7~8E7 ®WEH *BW%?F(Flsons
Model MSE Soniprep 150, UK) & o}23}e] =Z3l

& REmsBsn ZAlE Bligh-Dyer mixture [
(CHCL/MeOH/H:0, 9.6:19.2:7.6) 36.4mf2}
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9 Eol & WA REgHEsT £S89528 50
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7 Fo BHEES ASSATh F2 3 A
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2,4~D 9 ¥ E 5.0 ppmo2 & MS-agar ||
AE 1587 71 EF8l2 agaryl $31E7] A C
—14%A PCPE 0.24Ci A|slth. Aduld &
25do] AoE ¥ calluse 45839 1.0g9 &
7130 G2 dgsEY ZFAH o2 callusE
Fgste]l fElA AZoidr)E o), MeOHI} 70
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Figure 2. Inhibitory effect of PCP on the growth
of soybean ( ) and rice ( A ) cells.
Soybean and rice cells were incubated
with PCP for 7 and 12 days

respectively.

dgrg 2tk 58] v celle ¥l%¥d 71F PCP7}
2.75ppm QA 50% A= HFH A5 12 ppm
o wa] HEE AHalE uch olHAF ERE cell
EEsE, PCPY mRig, 1T £ B3t HRES
ARSI HRE Aoz 4R Wied VE
PCP9} 7+ 1.0ppm(3.75:M) Q2 o ASA )=
pEmste] Wehulokols] PCPe) AE A¥3 84
AR £34] oA e FEL2 ST

2. PCP2| Ersi) W

271 443712 34" 54T R 8U(
#])slo] 3 PCPE Y 5 diF 3 Hel
ztzb Aelatel @ o R R - BITE ZANSIR
t}(Table 1 © Table 2). Agj§ PCP= Ul ¥
¥ BEoA 117 oY) 90% olge] cellz &
4 olgfe] ETENUR AlZde] Asx & ¥t
7b gixdth vl o] T F& oldfo] cell R
&Ag o)Fe] olx PCPs} #2 Miki: 27t
wjj okl (hydrophilic)® A E=H(hydrophobic) &2
s 2HlEE Aoz sygne AT dE
ool Al PCP= celldt H&Fo) &z %=§ in-
tact plantoll] #E == Aol HFA) A (penetra-
tion delay)¢] fl Reow BEHUG 2w, &
&, ojg® PCPe iikry WA u¥3E4d 48
(non-extractables) ¢ & AL on, o= phenol
b Az lignin 22 44 RY=o bound

Table 1. Changes in the distribution of radioactivity in soybean cell suspension culture after application

of [“C]PCP into the culture medium

Radioactivity recovered(%)

Incubation -
X Medium Cell
time(hr) Total recovered
DM* soluble Water soluble Extractable Non-extractable

0.5 7.7 04 90.7 3.6 102.4

1 5.5 0.4 91.3 7.5 104.7

2 5.6 0.6 90.2 10.2 106.6

6.4 1.2 69.8 10.9 88.3

24 2.2 4.3 66.4 19.8 92.7

48 1.2 4.3 68.1 15.5 89.1

72 1.3 4.5 62.6 16.6 85.0

96 2.4 4.3 59.1 18.2 84.0

* Dichloromethane
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Table 2. Changes in the distribution of radioactivity in rice cell suspension culture after application of [

C]PCP in the culture medium

. Radioactivity recovered(%)
Incubation -
Medium Cell
time(hr) Total recovered
DM#* soluble Water soluble Exiractable Non-extractable
1 84 1.3 88.3 18 99.8
8.6 2.7 90.1 4.2 105.6
6.2 2.6 78.6 3.9 91.3
24 6.9 7.4 574 17.0 88.7
48 7.3 8.4 58.6 16.4 90.7
96 6.9 7.6 56.5 22.1 93.1
168 7.1 8.7 44.6 34.7 85.1

* Dichloromethane

residues® A=Y dFANS —HHUD-
48417 wlkA] Blgesl WAlsol 90%E A3
o FF Toll A FAEd ABE ZAEHA golx
tiAlAlg AnE dddied & EAde fe e
2 s ich dehu ool okAle] diAb}d wE
Ax g JEo HE AL B3P, 5F 5 A
W LN diabstge] FAH7 ez R
Ak a8y 4 - o8 AR cell BT
A" o2 PCPY 4FiHFES= FHIAT.
vloFazt cell it F T84 dAEY FE
zAVSFA THFig. 3). tiF el 7% PCPel 44 d
AHER] AgE d$ wel Mg 4417 Fo oln
50% ole] How, 24~72A%F AIHL o
65~75% FEg FAIARAT T vl N @
Pus el Fol Hol 48417 ol FHzbslo] Mok 50
%ol =HUZ, 53 Ay 27| diFd wls]
Ag &yl =Fd. g JdFFE dF ¥
PCPo| ¥ wizk4] el PCP @t opule}l 2
BEEH (PCPs) = 84 (bioactivity) o] Fo=
BuEMD 228 o A PCP7l #44 dlAtg
2 AgE e wEe o) vhEr] dEe s dadt
vkl = 24 diAbEe FEE WU gdo
Y oelgd AR oieldMe @kck(Table 1, 2 2
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Figure 3. Changes of water soluble metabolites
of PCP in soybean ( ll ) and rice { A
) cultures as a function of incubation
time.
[“C]PCP was applied to the 5 day old
soybean and the 8 day old rice cul-
tures.
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Table 3. Formation of water soluble metabolites of PCP in soybean culture of different ages

Age of cell Radioactivity recovered(%)

(Days after Medium Cell Total
subculture) DM* soluble Water soluble DM* soluble Water soluble water soluble
1 3.1 3.7 54 70.9 74.6
3 2.3 2.3 3.3 69.8 72.1
5 1.7 2.6 2.3 64.7 67.3
7 0.8 5.0 2.0 54.0 59.0
9 0.6 8.2 2.9 53.4 61.6
11 0.6 6.1 2.8 44.4 50.5

Measurements were made in 48hrs after application of [“C]PCP. * Dichloromethane

Table 4. Formation of water soluble metabolites of PCP in rice culture of different ages

Age of cell Radioactivity recovered(%)

(Days after Medium Cell Total
subculture) DM* soluble Water soluble DM* soluble Water soluble water soluble
2 8.2 6.2 21.1 388 45.0
4 9.8 7.3 22.2 37.3 44.6
6 10.2 6.9 21.2 409 47.8
8 8.6 7.4 20.1 39.2 46.6
10 104 8.3 23.3 38.8 47.1
12 10.9 7.0 23.1 374 44.1
14 9.8 7.6 31.7 29.6 37.3

Measurements were made in 48hrs after application of [“C]PCP. * Dichloromethane

& BHlss FUUAEE £ £ 2o} €A oAl
4 FREAA ZAHD i 84 dAgel dal
A& A77 Wasiths pua.,

3. Cell £FHARI conjugates 4£RE

gt goll A PCP] Ago] cell H{AFehe] uf
gt o5 & Ao ATE AKAZIZ e cell
o PCPE 48417 @iEste <fAle] &5 2 AHE
ZAME Rt (Table 3, 4.). PCPo] &, ©]8 Hz+=
gF R ¥ 2E A7) 23] 48417 HiF Aohe}
ek a8y 84 tiAbEe] ¥ A

z7lel el A= A&7 wet 2 R
E 2%t B e tiFd vs) o xelrt 3re
ARk celle) <k(Fig. 1 #1)& naly o A=
o2 Age PCPe Adulg 27]o whaA &
A ez AgERen, 3 g5 A Al

vl
ool:

Wi F 1dAfel 48412 HAF BS- 70% olye] H
o] A{E19 50% & B2HU G

b, kFS8R U B callusO|A{ PCP #iis:

dehul g PCPe] A& 5d & vusiy T3
o2 KEHE #RA £ 843 UAES A
37l el B LiEl, B callust agar H]A ¢
PCPE A3ty ez F, olgs Ags
ZA el GtH(Fig. 4). #ollA] PCPel olie 25
HAe ZBAAeR F/3F oY o T e
Rk 2832, F5, oldgE PCPE A A3 =84
AEE HEEY oM ¥ callusel B %7} F4 mok
byl AEE weh, 219 A=A e TS
% 50%7F AT HAEA HE fa AR
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Figure 4. Time sequential analysis of the water soluble metabolites( A ) of PCP from rice plants(A) and rice
callus(B), as compared with those of the organic extractable metabolites ( Il ).

F8A MR ko] AAHog F7lEl= AoR
Hol EF—AEAAGAME conjugation ¥HZo] F=Q

At 9] vtz AztEh
C}. Glucose conjugation FLFES| 4T

59} He] cell 258 TLCER RAMIY glu-
cose conjugate(s)E A ¥ R, 04528 (PCPe| R,
= 0.92)0] A3 & sl mkG#EEE ERE
&g o (Table 5). Glucose conjugate(s)+= p-
Nitrophenyl-g-D-glucoside & EiZ690 2 ko
A7l Ao ERTE F-glucosidased] 2]3] 70~
80%, a-glucosidaseol] &|8]Ar= FAgle] 7%
ER Qo] Aol iR Uk 23 2N
HCld] ejslxe Ao AFHoz hukaEls A
o8 Ho} glucose conjugate(s) ¥-38 Zd= HF
o] A He A 584 dlAME ZAMA] ZFE e
1= non-hydrolyazable conjugatest EgEo]
2] o Aoz AzEY. 131 origine FH&
HClel| olsiAnr 33—42% 7l¥sig # 7|et &
2ol 2= Ao 2siHA &gtk ojE @ s
28 JA25E R 045 ¥
(s) (B-glucoside) 82 B3} t}. Glucose conjugate
() 4% HY3A % pH 5.001} 6.89 #
#rgmA e 43%F 5gsse(Table 5 F2)

2 glucose conjugate

02 Ko} b9 EAAT YER AE.
TLCA2] R; 0.45 E3¥o] glucose conjugat.e(s)
e daE FRete g AL celld]
243 B3 2 glucose conjugate(s) 2] &g TLC
2 ZAMIA Y (Fig. 5). 271 B EM) glucose
conjugate(s)= dlF 2 ¥ EF okAlAE] 7]
w24 A=A (Fig. 59 A). B3] diFdAME
FMME] F 4-24 A FAEHAE W glucose
conjugate(s) %2 AA 2§ PCP & 40—43%
(—T—Q-** 23 7% 72-74%) FTol Hih H9
$i= 2 HYAL FLol B E diFe W)
g]ucose conjugate(s) %o] 1/3 #Fo= ‘5!‘7]
AT FoA4 BYrIFosE 70%7F HUh o
gfzto] PCP Az Z7d F84 A& Eﬂ—‘?—"
Table 5. Acidic and enzymatic hydrolysis of glu-
cose conjugate(s) separated from the
water soluble metabolites of [“C]PCP

Percent hydrolysis
Treatment -

Soybean Rice

HCl, 2N 96.4 91.6
B-glucosidase(at pH 5.0) 79.6 73.1
a-glucosidase(at pH 6.8) 17.3 15.6
Buffer at pH 5.0 13.7 14.3
Buffer at pH 6.8 8.8 10.6
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Figure 5. Dependence of the amount of glucose conjugate(s) in the soybean ( Il ) and rice ( (] ) cells on
the incubation time of PCP(A) and the age of cells(B).

glucose conjugate(s) AMIZRE diF W Hg
derujFol 4 PCPY 13 diAl3A 2 glucose con-
jugation ¥FgdE& & & U 2 FA A=
Aol 48ATE o1 RBAY A5 A 84 ¥¥
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2.2 ¢#A it} Benzoic acide] glucose conju-
gation®F-3-o] Fod= acylglucosylasers 7] Ul
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gate(s) #&Fel Folrl AeA AR DH(Fig. 5
2] B). Hel AL H&EVE Adstn= A AY
712 2H diAE wLsRE dFedas 885x
719 glucose conjugate(s) ¥-aFo] E3] Ekx|ut U
Tk ¥ 2R AN L4 F8e] 50% ol4eldh
Z P84 er}t G2 celldlXE PCPE 13 4484
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& A7 A
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& F AR

J

p

-4y w1

3. Cello| A glucose conjugatess SR 27) 3
=g A7) ol Fel 4] &£x71 o wa) WA



& % oRE 2 o BBEE L PCP KEEAH®HY BE 223
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