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Improvement of Peroxidase Productivity by Optimization of Medium Composition and
Cell Inoculum Size in Suspension Cultures of Sweet Potato (Ipomoea batatas)
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To improve the productivity of peroxidase (POD) of cell line SP-47 derived from cell suspension cultures of sweet potato
(Ipomoea batatas (L.) Lam. cv White Star), we optimized culture conditions including the composition and concentration
of plant growth regulators and carbon source, and the cell inoculum size. When one g (fr wt) of cells was inoculated into 50
mL LS medium supplemented with 1 mg/L 2,4-D and 30 g/L sucrose in 300 mL Erlenmeyer flask at 25° C in the dark (100
rpm), the POD activity per g cell dry wt was maximized to be about 6,800 units after 25 days of subculture, which was
about 30 times higher than that of intact roots of horseradish plants grown in the greenhouse, but the cell growth was
maximum after 15 days of subculture. The protein content per g cell dry wt maintained almost plateau and after 25 days of
subculture decreased as culture proceeded further, whereas the POD specific activity (unit/mg protein) was about two
times higher after subculture and continuously increased from 12 days to the end of cultures (40 days). The POD isozyme
patterns showed almost the same regardless of cell growth stage, but some acidic isozymes were slightly increased after 25
days of subculture. These results indicate that POD activity in suspension cultures of sweet potato is closely associated
with cell growth and stresses derived from cell culture conditions and medium depletion. Due to its high POD activity, the
SP-47 cell line seems to be suitable for the mass production of POD.
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Peroxidase (POD, EC LI1LL7)¥E TEAEA A2 A4

A3 28] B F4T TN 53 FuHea

EAA 4% 71AE ARATNE d-Ee] WkEte A
o Ak 7713529 Abspig Tl AHEEHE A4
Aoz w9 F33 EAo|(Henning and Nielsen, 1987:

Park et al, 1989; Sies, 1991; Krell, 191). POD:= &%/t
A b 9%, AF, seret TAA cepl 049 4
Qe L ARl FU1E Aoz s FHE g4 Fo
phenol 4 WEE FjPE AANE o849 £ Qo] BL
Heo] ¢loh(Klibanov et al., 1980).
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POD¥ A ES s 3-89 A& de St
E3] MYAR(Amoracia rusticana)®] Feoll @el -
ey glo] AlRH I gl F-E9) PODE: o2FEH F&
3] FF5 I ¢ cHShannon et al, 1966). L&i}, o] AlE
< gAsield W WA Exr) 98 Pdl ok
g odgi7tx] Aujadlel o A FAo] AFE ¥
eo} wefA HAHeE 2 49 PODE AAY &
AE M2 AAAHQ A o] A9

A EA X PODE Uubd o2 ulolg, u|YZ, F%o|
T By e A9 FAY $H F72HEA,
AA 5o wiP S AEF o whEse 1 BAo] F
7}9 c}(Endress et al, 1980: van Huystee, 1987. Miller and
Kelley, 1989: Bowles, 1990). &9 A EoA & 4 se #
452 A5 ugS Fale A& 5 vk 53] 4
EA7} AR g8 2Ed 2 os POD #4lo] F71
He AL zEE & o o3 wiek 2B 2] o3
g3 9le A Ew M EE POD AAHS % $2 ABst
g 5 & Aoz 79 Feh(Takeda et al, 1990).

AEA Euf ol 2)7F POD AAbell sl = M gART
(Yamada et al, 1987; Parkinson et al, 1990), $-(Moreno
et al, 1989), ©Z(van Huystee and Turcon, 1973: Sesto and
van Huystee, 1989), &vj(Mader and Walter, 1986) 5 9
Z0o] Ao dall dFHe $o}. =3 Agrobacterium
rhizogenesel] 2)3] HAAFY AL LZHEH POD HAtE
A =53 9JHMasahito et al, 1989: Taya et al, 1989,
Parkinson et al, 1990). 18]y} o] WA LT YAHA o]
eb 49 A 0|24 25T Slokh $ASE BF
o AEALIY oo 2AdH $ET 45 HEAE
Fo d& POD #4& ZAlste] POD JAAAEFE 3
Fubuj kA 25 SP-472 AwslgicH(Kim et al, 19%4). &
3] Aurgl SP-TAEFE dhte] isozymeo] 73 Ld
(AR o 0%)d ¥ ope ¥ L vehle
A 2-¢ POD AAA2R6] 48 5 gl A,

£ 9T POD AL P05 SP-475 AHE
dto] A BAARAA 9 wtAade 24, AX JFF T
Fz79 AYHEZ F3 POD A P4 AT ¥
Fstget. ofgd dehujkAz]e wE PODS H|EA
(unit/mg protein) # isozyme patten®] W 2-E ZAM} T

T Fub(Ipomoea batatas (L.) Lam. cv White Star)¢] &
g oA L2 X E] small-cell aggregate methodel] 28 A

¥ POD TAYA EZF SP-47¢ A3t HKim et al,
1994). Az o] ZAujA] 2= 1 mg/L 24-D3} 30 g/L sucrose
7} 8% LS(Linsmaier and Skoog, 1965) wij=](e]3} LSID
A2 e AMgsidon AEY AN 104 7
Aoz 3.

2FohIEAET el glol Bds Aol 92
AL [SIDwiA] 50 mLe] E¢] ¢l 300 mL Erenmeyer
flaskel] M EAFF 05 g& HFs}d 100 rpme] 25°C &
gyratory 217114 Qhekssieh. Awingh cytokining] &
Az 322 gesle A4¥E T A9 10 mg/L 24-D 2
=38, 1 mg/L 24-D¢} 005 mg/L kinetin, 14 mg/L 1AA%}
005 mg/L kinetin, 1 mg/L NAA$} 005 mg/L kineting &
£A42890 24D =5 99 & A4+ 24-DE 1IL7
05, 1, 2, 4 mge 23] LSuiAje] As}elich tadE &
2)8 A% sucrose, glucose, fructoseZ LSID¥jA]o) 1L
30 g8 H7bslglond sucrosed] FEWE FE & Av:
LSIDHi Ao 1L 15, 30, 45 go.2 gt HFEE=E 9
28 74+ LSID¥R o) A EAFeF 05, 1, 15 g4 A7ls}
Ack. 259 ol AEAYAZ POD FA v]X= FFE
dol7] 43 AgeiE 2EE A, 25, 0°C2 P
20°C8} 25°Coll M Ateloh FAel2 o] wlokslsdch
A xS FAE Aot AFFE FAFL o] F 0°C
oA 4A7 e Az F AFHE FAHHAS

L.

Peroxidase &4 &4

POD #4-2 pyrogallold 7|42 A4-3 Sigmarte] W
o Wt 2R MYANE(EE AEA) 03g& 01 M
QA ¢ (pH 60) 10 mLa} A spshgt F, 8000 gol
A 1087 9438 sdch UvEA4A] whgde) F3=71
04-07¢) HEZ A5AL Mzl AAFAHE A3
o}, Ehd 100 2LE 3 mL cuvettes] W3, 01 M ol ¢
29 (pH 60) 0.32 mL, 0.147 M Hz02 016 mL, 5%
pyrogallol 491 032 mL3} Z§4 21 mLg @4 4 F
420 nmel| A 2027t ALolA FREHHE FA A
POD #4& oh&9] Aoz Fagsk

POD A (unit/g Al &.)=(AA@/20 sec X 3 ul-&)/(12* xg
Al 8/mL wHg9)
(12*: 420 nme| A 2] F4A )

Native PAGE
HehfJA Z 1 g& GapApde] Wi A AL} A

g sle] 2HFE %9 F 4°C 12000 gollA 2087 44
2 sigek A5dE At HHAFFE AL T



o) WS Es} HES 2 W95 L 125%
acrylamide ¥ E2 £Co)A 15 mAZ 4087 25 mAZ 14]
7t %2+ AAA RS POD whpde] wHaEke-S benvidine
89 (benzidine 1 g, %24} 9 mL, 54 36 mL)7} 3%3}
AEEA SAE 11 RS F, gl AlA BSAA S3a
ook ML Bradiord WP (1976) 2.2 545}

7E:I"1

&

*
kJ

ASMAZTHEM S Y3 ko JE

OH

00k

Auxing} cytokinin®] =A< Fejsted Adiujel ¥ 1044
MES AFE 2A A3 1 mg/L 24-D B HA| 7}
A ok 3 3l9] 2], NAASY kinetin, JAA®} kinetin, 24-D$}
kinetin &4 Ae]¢o2 Fohoh(Table 1). =3 A POD
4. 24-D D= AeelN b Eokod, ooz 24
D9} kinetin, NAAS} kinetin, IAAS} kinetin®] 3§ X3¢
22 Foheh

#9 24-D =2 gelsted wjor|d A xe) YA}
POD 48, 24-D %571 Toldlel ufe}t Az Y&
= dojxu} POD 4L Z7}819H(Figure 1). &3] AE
©} POD 84 (wit/g dry wt)2 Wik ¥ 14de]A 1 mg/L
sEol o)A o 550022 Ftor), 40 mg/L A
A4 wjokdel whel gae] AAF) Fasiach Wk 149
A flaskd AA AL 24D 1 mg/LE Astd e o 2
300 wit® 713 Fzagieh wokzslel 24-DE AHrleiy
& W st Zrhgel wel AEAZE FRAFAD
POD 4& Z7H7]: A2 AhlsEe 238 Bgorns
WFF 2dAd 24-D 3 mg/Le Al & A, 259
AZAANE 33 F2 4AA T POD B 038
astdeh(datar A A F4S).

Table 1. Effects of plant growth regulators in LS medium on cell
growth and POD activity in cell suspension cultures of sweet
potato.2

Hormone Dry cell wt POD activity Total POD activity

(mg/L) (g/flask) (units/g dry wt) (units/flask)

24-D(10) 0338 2646 a1

24-D(10)+ 0.204 2587 583
kinetin(0.06)

TAA(14)+ 0223 1,620 40
kinetin{(0.06)

NAA(LO)+ 0.251 199 53
kinetin(0.05)

a The data were collected after 10 days of culture.
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Figure 1. Effects of 24-D level on cell growth and POD activity in
cell suspension cultures of sweet potato in LS medium. A: Time
course of cell growth: B: Time course of POD activity on the basis
of g dry cell wt.

shadle] BRY S50 2

A EAYRT POD B4 ¢l W& etifle] BAE ol
7] $18le] B4 2 2 sucrose, glucose, fructoseE 1L 30 g
o] TY9F5EE Ay A Figure 2), AXY AAEEE
fractoseS wtAo 2 AM-ERE W) JMA whE2 T sucrose,
glucose®] £ viebty B9 AH X POD 4> WY
2494 glucosedll A 7H4 Fateh 2ejvh, 24H7he] whAslelA
A AEE 2L shAdS AHEE wiRo] Al A eek
31998 7% glucoses} fructoseol| Al zbgh M2 o] 2
A AAH 1wk A Euge] HA HAYL sucrose
559l eHdata AAF A F3%t). Sucrosed] gl wh
& A xS A POD 4ol v+ AH4E 2A1 254
(Figure 3), A122] A3 POD 42 i F 14447
2% sucrose®] FEo A 2 g A gkt e
Y flask®d M EZZAFFL 15 g/L sucrose FEANME ¥
% 14deA 039 g 45 g/Le] FEo|Al:= 20 A] 094 go
2 ARl A A st i) AZAR
sucrose7} FERTE Tl 24 A EF POD #AL
W oF 109758 F7kslsled 53] 15 g/L sucrose?d o
oF & 0N 714 =9oH7,000 unit/g dry wt). Sucrose7}
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Figure 2. Effects of carbon source on cell growth and POD activity
in cell suspension cultures of sweet potato in LSID medium. A:
Time course of cell growth: B: Time course of POD activity on the
basis of g dry cell wt.

A5EdeE X FA9 POD A o] wjkFr)dA
Z7t8 e AL sucrose 7] 93 AEH A9 k3]
it Aoz oA Flaskd AATA-LE wiof 14Yol
A 30 g sucroseS A3lol-S o F 2300 unitE kL wi
FF7VAANE 465 gl M EU%
NEHBEe| HEt
LSID¥) A o) 2N E JEEEZ HZe 05 1, 15 go
23t Ax9 YAz} POD #A-L A H(Figure 4).
1 g& AEA9E 9 APHQ AJ2Ro]E YAIHE B
Qgon wiek 149e) flaskd MEAFEYL 172 go2 3
stgoh 28y 15 g HFY) 7e AEgRe] A Az
slick 99 M2 POD AL 15 goll M AutA oz 7}
A gzstgem 05 gt 1 g AFA e 2 Feol7l Aok
g flaskwd AL 1 g HEA wiof 4 A FollA o
3900 unit2 7} Eokeh 53] 1 g AFA e HAA 34
W )ZHe S7)E B Qo) B AXFRYE &
£ POD A& 3 FAHAE AR HFEEr) $2
& 89dde] AAIHSY
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Figure 3. Effects of sucrose level on cell growth and POD activity

in cell suspension cultures of sweet potato in LSID medium. A:
Time course of cell growth: B: Time course of POD activity on the
basis of g dry cell wt.
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oot

AZYAH POD BAol d3t 229 J3s doprr)
AAM 2, 25, 30°Col A whokst A, Axe) AL 25°C
dA HAL YA Hyow M EZ POD 4L &
=7} ZoMtel we} EoivHdatax AJA)HA) 9kgkg). g,
POD¢] 7128 o] &5+ phenold FHFEL] AFAM F
& F 49l phenylalanine-ammonia lyase (PAL)Y] &AL il
of o# F7tEH, WM ZeAM PAL #A4& frEde E
Ao] POD #4& F7HA7 ¢l= JHKim and Yoo, 1992).
a2zt & Aol AREEE 2T} vk oA W AL
AR} POD 84 S8t 345 Yehiz] 4o

HIQFA|7|H POD &4 2 Isozyme B3}

NN FAT AYAGEAANN AEHRE Wk F
10958 F4% A7) sk 15Y] 247l
o2t YA ALTol= ARZHE el
(Figare 5). A1 E A% POD 24L Ao 45
o oF 4000 wite WlBA AT ol AUMeA A
(oF 10948 B4l A5 oF 202 Aol T
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Figure 4. Effects of cell inoculum size on cell growth and POD
activity in cell suspension cultures of sweet potato in LSID
medium. A: Time course of cell growth: B: Time course of POD
activity on the basis of g dry cell wt.. C: Total POD activity on
the basis of flask.

2Ed2e 7]Q8ke ALE Alndo. 9 AEY
POD #A-& HEAA o] AzHE AAEY T4 F4
o F 593 FAS) 7R Azl W 597
of Al =etsle] oF 6800 units] o] JAwA ILZ 3
AR BAGHS oF B witlth o BehlAE
AA POD B4e] Z7bsh AZS) AHTHL 279 2
9% el AN TR APAAE, D) 5 G3Ee)
WA Eo M A GA o] YA FrkEe HAE
g e 2o FriE2d 2342 JAAG( Mader and
Walter, 1986; Taya et al, 1989; Parkinson et al, 1990).
W oFAI7PE M 2] AL wikxrle] o7t ¥k
o8} Wb BAAANE A AT AL KA
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Figure 5. Changes of POD activity and protein content in cell
suspension cultures of sweet potato in LS1D medium. A: Time
course of cell growth and POD activity on the basis of g dry cell
wt.; B: Time course of protein content(mg protein/g dry cell wt)
and POD specific activity(unit/mg protein).
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Figure 6. Changes of POD isozyme patterns in cell suspension
cultures of sweet potato in LS1D medium. POD was detected by
benzidine staining after native PAGE. The number indicates days
after subculture.
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2wk F7]o]l AEAA] AA A Y HEF YA
Fo] Zagolx B73l3 A ] F7IEAEY ol v
35719 wiR 7] hE A2 o] 7] AR
ARG AEAYFe] A EE A7) auxing F3}
IAA oxidase2 A ] POD 95 AZs| £ 4 gl Wi
F7te] PODS] 7140] 2 4 9l: 3 mg/L 24-DE #719)
< 9 POD 342 ¢3)8 Zishs o2 Hol IFw}
v oFA ol A2] PODE IAA oxidase?] 7]528 Ao 2
71| Role AE9e FeH e A ligning TAE
S32H HEE B3y =35 A9 7)ed HdstEe
I s olgt #AHdR AE e 477 &7E4
(Birecka et al,, 1979).

g3 w971 POD isozyme el wiok 25474 &=
A9 wispr} gigley Dol F wiFH A A 2
He AMY FHEAY BAe] 7t F71H A (Figure
6). Wjk37]e] POD F7h= wiA ze] W MEe] AE
o) k3o A o2 Atnde

£ 47 POD A TFuA 25 SP-47¢ AH:
8led 30 g/L sucrose, 1 mg/L 24-D7} 7€ LSH#A| 50
mLEg 43 300 mL Erlenmeyer flaskel] M| EAEe 1 g&
HEsd 25°C tAo)A} 100 rpm o2 A b oF3) ] Lo
POD HAMdS AN T Y2 S8l 84
elicitatione]] 2]8 POD AJAMA 3pArz} wl oA 2 K]
PODE AHAlsle HAe BAS ¥3e dF& +3st2
At Azl &) AL T} wjFH £5 SP-472 8}
o] S84V} e wEEe] ¥ HAL BYLRH
MYAAE PODE AT = e MEE POD AAAA
goz 385 4 glge] 7Y

5 g

T7ut Fehij P EZ25E POD T 252 Adal
SP-4TA X352 AH4-3te] POD A S AHA]7]7] $5te
AEARZZAA F S F7Y =, AIAETF 5
wjekzAd & HA st} 30 g/L Sucrose, 1 mg/L 24-D7}
71" LSA] 50 mL-E ¥-f-3F 300 mL Erlenmeyer flaske]
ANEYFTHF 1 g& FF8q 5°C g2 100 pmo 2 A
gkl S W AEZAAALE wjoF F 1596 AR T3}
Aot HHAEF POD 24 (unit/g dry cell wt)& wj%¥
Yol oF 680022 o] AA MgARTHE Y] ARG
o 30uf Eoket wiRAIE A EG A FFE A
el FF 7 A FA F uY BYAAE A9
A 3 KA A4 vkl wel Hasid ey
POD ¥] 34 (unit/mg protein)-2 wi oFF 129 Y] wjof7|
() 7AA A &3t FrHslgch wlkAl7lE POD $HE

28 A2 wjkA7]of #AUel AL AR W
BHA|F AN F3 FTHAELES S| 7 FrsH4
o olejgt A= HE 2Ful AEujfe] POD: HEA
Z 2 Al WA ude g wWgrE A YT
#Ho] 9l& o FHn

£ d7elA 8398 SP-ATHEFE shte] FAEAV}
A LEse] ¥ BAE HYo=2H A2 POD o
FAA AoHe 8449 5 Qs A2 Vg
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