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SUMMARY

I. Title : The Production of Useful Enzymes from

Chinese Cabbage Roots

II. The Goal and Rationale of Research

Peroxidase(POX) is a ubiquitous enzyme that catalyses the reduction
of hydrogen peroxide into water, accompanied by the oxidation of organic
substances. Peroxidase is one of the most promising enzymes for the
various industrial applications since its applications have been suggested
not only as reagents for clinical diagnosis and detecting reagents for
screening assay of monoclonal antibody but also in the field of removal of
toxic aromatic compounds such as phenol from waste water. So far, the
major source of commercially available POXs for the above applications is
roots of horseradish. However all horseradish POXs should be imported
from abroad and the price range is between 016 to 91 $ per mg
according to the purity of enzyme, which is costly. Therefore a series of
researchs for searching an alternative source of POX and for the domestic
manufacturing of developed POXs had been carried out by our research
group and it was discovered that substantial amounts of POX were
distributed in the roots of Chinese cabbage. In addition to that, the
catalytic feature was characterizd through the purification of POX from
Chinese cabbage and the potential for industrial application has been
suggested by our research group. The possibility of industrial application



is proved to be great since POX from Chinese cabbage roots showed
good stability in the wide range of pH and also relatively good thermal
stability.

Chinese cabbage is one of the most cultivating vegetables in Korea
whose total production rate is about four million tons per year and more
than three hundred thousands of Chinese cabbage are produced per a year
in Kangwon area. However only upper part of Chinese cabbage is used
for food materials while root part is rarely used for food. Besides, huge
amount of root part is abandoned as agricultural wastes. Chinese cabbage
root has great economic potential and feasibility as a POX source since it
is one of biomass whose production cost is almost negligible. Therefore a
practical process possible for the mass production of POX in the small
scale processing plant located in the cultivating area will be developed
and commercialized through this project in order to convert chinese

cabbage roots into highly valuable products.

III. Research Contents and Scope

The elucidation of optimum condition for enzyme extraction and
enzyme storage is prerequisite for developing an economically succesful
commercial production of POX from Chinese cabbage roots. Therefore the
following researches have been carried out during the lst year of research

project.



1) Investigation of enzyme purification conditions

1. Investigation of efficient storage condition for Chinese
cabbage roots

2. Elucidation of enzyme patterns and enzymatic characteristics
between different cultivars of Chinese cabbage.

3. Search for an efficient disruption method for Chinese cabbage
roots

4. Establishment of extraction condition from disrupted debris.

5. Selection of cultivar with most applcability.

2) Search for the other useful enzymes beside peroxidase and

application of POX

1. Search for activities of industrially useful enzymes

2. Industrial application of POX

3) The quality control of enzymes

1. Establishment of efficient analysis methods for the quality
control of enzymes
2. Establishment of optimum condition for the preservation and

storage of enzymes

The elucidation of efficient storage condition for Chinese cabbage

roots, establishment of extraction condition from disrupted debris and



efficient analysis methods for the quality control of enzymes have be
established during the 1st year of research project. Therefore the
following researches have been carried out during the 2nd year of

research project based on the 1st year of research project.

1) Establishment of large scale purification methods
1. Production of industrially wuseful enzyme by large scale
processing
2. Production of highly purified enzyme by chromatography method

3. Scale up of enzyme purification processing

2) Search for application of POX
1. Investigation of industrial application of POX

2. Investigation of application of highly purified POX

3) Process for POX separation and purification process
1. The operation of meccerator as a mass disruption

2. Design for separation processing

4) Elucidation of the great economic potential and processing plant
1. Collection of chinese cabbage roots from cabbage path crop
2. Elucidation of enzyme production expenses

3. Estimate of plant establishment expenses



1IV. The Suggestion of Research Results and Applications

The investigation of fundamental technology for the mass
production of enzyme has been successfully performed on schedule during
ist year of research. Once process development for enzyme mass
production is accomplished after 2nd vyear of project, the accumulated
technical data and information should be transfered to the demanding
company or it should be industrialized through the installation of

processing plant in the cultivating area.
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S0 tzEEA

A1l A A A

AdHo 2 Algo] e Adhe FAEI ¥ IAE Hih9 AAES
T XL ofg, AR HAR FEE 4 Atk Bh HAde g
i Azte] 2822 AAT uwatA el Aoyt vEpdd.  wlF
SigmaAlellAl #e sl UE peroxidased] ZA$E Bd ALY Wt mgD
016 - 91 $2 1 7tHo] AHA o HAT] wel 1A Z& ¢ e o
% Q1tH1994 Sigma catalog 71€). IE A ZAE AAFRTdesE AL 7
% AGAHA Ao YoM dE £ peroxidasedl ] B nle} o] R}
A9 Aol HuzA HeEg Hihe 1k FAe & VMANE Addn @

o}

o
“

FAHeE HAAG AL o] Ao HH ALY0 R FH 3 AL

o By dey] 3Y§ downstream processing®] TIAQ ook &
o B AFAFL peroxidased] HALOZA A H 712 w2 A
B A7 IAdE die 7 AR FEPieR A9 A
5719 AFE-E AAGY AT ZFrIE AMgoE BE f5
g &AL A 285 ANy 24EHQ dY] BAE HAPoR

webA] £ 7oA wiF el POXE A3t ¥4 HrIE2HH



& 239 A4S 53 2RI AERY @S SFHow POXY diF
A D AL PHE Agstd 483 A P HI s A7y
I As AE By TA FAAAM reverse micellesE o] 83 gula Ry
Ayt 33FF]IeIAM AHEE T Ue H-A F2YH FAlste] AW & G
4 reverse micelle system& Al8go A AL gigr=E R 4
NE AHF Wyoltt. 3 reverse micelles2 FA #AF-S HAH3} 7]
3 29 pH ¥zl &3 jonic strength, buffer ¥ J<9 43¢ oz F
A3 AOT ¥ 5T HEI}AY. E§ reverse micellesE ©]-83F system
21 7R scale up 3tch

A2d Az €y

LAl ¢

B AFZd A AFE-F Aerosol-OT(AOT), 2,2'-azino-bis(3-ethylbenz-
thiazoline~ 6-sulfonic acid)(ABTS), Tris[hydroxymethylJaminomethane %<
Sigma Chemicals(St. Louis, MO, US.A)AIE-g, iso-octane.& ZEHE3}3H K
R, BA)AE-L, copper(ll) sulfate pentahydrate, potassium chloride, sodium
chloride & #iE 33HE®E, BAR)AEE, sodium carbonate anhydrous,
potassium tartrate 5 BEM(HE, HAX)AEF-S, ammonium sulfate, phenol,
4-aminoantipyrine & MKE(FERE, HBXR)AFE AME3Ron 7]g Al
Al §7 AloE AMS-3I4TH



2. Aadel x4

19959 2 19963 119714 2 L9dlA Aulg w32 3e e
£ gs53idc. A Pee A AHI}n B2 05 emAEY 7R F
2 £ F /1A S 55 71(Green Power, 332)2 #F3}A juice 9 pulpR
weslglth. Beld juices © olde] Meg A fu A mAdoez
pulpe £Z/Fe AU 2 ARSI ol AN F BT FhAE -2
T2 Ba3dEA FaAld 7Auo] AHg-3th

3. 7229 Y £

1) ¥ 1. 71" 2 4] aminoantipyrine2 °]§-3l= 3¢

20 mM Hx02 0.3 ml, 20 mM aminoantipyrine 0.3 ml, 20 mM Phenol
03 ml, 1 M Tris-HCi (pH 7.0) 02 ml, &% 08 ml & 37TColA 1083}
WHS-AIZl F wkg-lo] absolute ethanol 2 mL& 7Fete] wHe-& A Azl &
Ahol o3t AAJE quinoneimine®] H& MAio 4& 500 nmolA AF
3tk POX 1 unite 37CelA 183 1 pgmole®] quinoneimine A4AE A
AAFled H8F &40 ¥og &Yen quinoneimined A FFAS
(122 / em® /pmole) 256l A4 " Mael ¥& gasiant,

2) 9y 2. 71"EA ABTSE ol&3le= B9
20 mM Hz02 0.3 mi, 20 mM ABTS 03 ml, 1 M Tris-HC! (pH 7.0)

02 ml, %< 08 ml, 223 HF3 X f4 04 mz2 T4 EE 9



$4(ZF 20 ml, Table 2.)& 37ColA ¥-gAIZIEh ¥h8-S 108 Ax AlD F
ethanol& 713t A A& w3 AZEE Ao £dh ¥k AAAL 5 m§
celldl & 711 Spectronic 2022 407 nme] HANA FHEE gleth &34
¢ FFT o} 43k ABTSS ¥2 F3A%(186 / cm® / umole) 2R E 183}
ALslel ABTSS #F8 439t POX lunite 1 gmole®] ABTSES 43}
AFled a3 549 JolBER Fhe FYEE T

4. AOT-reverse micelle system2 ©] 8§ A A

1) POX9] forward transfer

ztzte] pHet 50 mMe] o] ZEE ZIEE A guld £89 5
mL3} isooctaneo] =<9 100 mM AOT 5 mLE 1: 12 &% ¥ 100 mL
Azt ZatA Ao} Y1 25T 9 water-batholl A4l magnetic stirrer2 10 ¥3F 2
W o2 25TaA 6000 rpme 2 20 #3F 44 Rasto 8453 AOT
Zoz2 ¥aste AOTE 22 transfer¥ peroxidase®} transfer®|x 91 4
Zo) ol 3= peroxidased FE A428HL FF3 T3

2) POX¢9 backward transfer

Dol 9A4RE3le 9 AOTS 5 mL3t pH 2 ol Zx7t =34
A2E 89 5 mLE 100 mL 4z Fat2Ad ¥ 25T 2 water-bathol
A 10¥ B¢ AwFF 25ColA 6,000 rpmeZ 20 ¥+ 94 83t POX
£ 48 Ao 2 backward transfer 3tk old] AOT% 3 %9 POX &
A& ZA 38l backward trasferg 39
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Fig. 1. Schematic structure of sodium bis-2-ethylhexylsulfosuccinate
(AOT).

5 gafe] ¥

gl o] ke bovine serum albumined EEEARSIY LowryHe
2 39

6. A7l 4%

1) Native-Polyacrylamide gel A7 4%

POX®] zymogram& native polyacrylamide gel electrophoresis& ©]&
stk Ao 4 GML A7) g%l B gel€ 100 mM Tris-HCl (pH



7.0), 10 mM HzOz 10 mM 4-chloro-1-naphthol 52| 2% 712 89 4o
@] 37ColA 1087 incubationsled POX<9] $1Al&E #lsiych POX<)
4ol Ae FA= FHMo] Hol o YAS HAY 5 AUAL)

2) SDS-polyacrylamide gel 7] 9%

Laemmli®] ¥y 22 SDS-PAGE 7] 9%< 3l A9 A5
Fl3ta.

A 34 43 %2 1F

1. 549 2

B a7 18 288 29 5F7]d A% FFo] /MY KA Iy
o2 veigt. ol HF719 A A Alge] 7B &3 A3 MALE
44 BAE 4 Qeez gog BE A4 HF7E AMSsAn. nal
A A P(16000)E5 FA AAHSL ZE 05 cmAZY V|2 Fe &
g3 & /18] %3%71(Green Power, )2 &8 juices} pulpz &)
sk @ juicew dolde XS A ¥u WG HAHU0 2(1000
ml), pulpi= B2 4902 AMESIT ols A 2 TN ahe
-20C2 B@sAAM "aAl Aol AMgstdch



2. dF BAE A 712 4¥

D Ex2q g POX9l AA

i3 adle S F/9 peroxidase isozymeol EAsIY FF
F+ peroxidase 50T, 2083t} 7Hgelx &4 Ao W3y} Qle Hez
WA ok @elA crude extracts(1,000 ml)E 7M€%l BFa g gy
€ AAANL EHO 2 crude extractsE 50CoA 2087 7143 ¥ ice bath
oAl 0¥ WAF F 12000 x g, 4T, 1083 94 st A5 (973
m)-g FUT. Sl A G4 AL AP 5AY 4§
& E%oy ot duldgle]l AAso] FAY & PAZ dAME olf
= AL vl E8HQ Aoz o

o

o]

_2{_:‘

Table 1. Purification of peroxidase by heating during 20 min. at 50T

Step Protein Total activity Specific activity Yield Fold
(mg) (unit) (unit / mg) (%)

Crude

extracts 41 122 3.01 100 1

Heat

treatient 25 114 4.47 93 15




2) TAY A A7 AA

gl FAY R FAsHE AL o8 FHY FAYLS
auidel gy FAd ol&3lu U 7IE FY ddoltk. watA o] JE
€ B fte] Ao o] §3tuat HrHe pHE A THF JAS Al
=39t £, Crude extract 30 mlol 0.1 N HCIE 713l pH 4022 =3
& ¥ 0.1 N NaOHZ 7}3te] pHE 10 71A] &2 7bdHA] pH W37 05 - 1
o] & mw 1 ml ¥ B33 ice bathol B@A3IATL. EHH-L ice bath’dol
A 308 ol wxIg F A4 EEdld AAE B FFH Hob Us
aAio 4L BAsHth pH 40A 107449 ¥ dFelx pHE 243}
Fou T4 FHe BAEHA Pk

200

Specific activity{unit / mg)

Fig. 2. Remained activity after isoelectro precipitation



3) lonZ &2 Aglo] 4 FA|

ozl 7z pH <YHolr DEAE-CelluloseE ©ol£€3l9 column
chromatography 7|}l ofd batchx2l& Al=3dch 2, 0.1g9
DEAE-CelluloseE A8 39 zz w1 10 mM Citrate buffer(pH 3 - 5), 10
mM Potassium phosphate buffer(pH 6 - 7), 10 mM Tris-HCl buffer(pH
8), 281 10 mM Glycine-NaOH(pH 9 - 10)& 7}3ty DEAE-Cellulose
g Ztzte] ¢3 S0z BHIPAFAYG. drld 54 §9 01 mig 7Het
Vortexing &% ice batholA] WAste] 84S FFR3AC 0EF 44 &
gsle] FEdel sl A4 4 S K2 /M5 pH 998 2AL
stk B4 9 DEAE-Cellulose&2 el 2+ 4549 A7 9% 4
g4 2¥ 4L Fig. 39 velldh Fig. 36]A yvelve ubel 2ol pH 3 -
TAAE band © 2L FFo2 JEgoy pH 8 - 10¢ W main band’}
ol g #AAF £ AN F &EA7} DEAE-Celluloseo] F&=ictx
e £ ok £=F A5AF 22 43 dulAde] $¥E 829 pH 7%
B gl Fap 54o] @Ao] ase AeZ Hop DEAE-Cellulosedl ©]
pHY-E FZol Al A& ¢ 4 UckFig. 4). pH 7 ol 3dlA e 49
F2R ol e dids A Fa=Ee Aoz veigd. ol2A4 POX
o] P FAS 4T 712 4o 2 M DEAE-Cellulosedsl % =42 pH
8 - 92 =Y "arst Avke Re #AA



Fig. 3. Absorption of peroxidases on DEAE-Cellulose at various
pHs.
Activities of peroxidase were stained with 100 mM
4~chloro-1-naphthol.
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Fig. 4. Total protein and remained activity of supernatant

on DEAE-Cellulose, treatment.
Relative activity, the activity of the highest value was

taken as 100%
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3. AOT reverse micelle systemS °] €3 A =3 HE

f71 vl o AWRGAAY) F£Fo2 A 24 SAAlA GulA
9] el FZ2Y L2 olZn} reverse micelle systemo 2 iz Tz
g Aol H2 o8] Bol] H1 Ave ZEF g9 dyold. E AF
dae o]4A Al BAAIQ Aerosol OT(AOT)E isooctaned] =1 & =
Az &3l HEAE AOTY reverse micelle2 ‘forward transfer3d} <]

k-
EAE F7183o2 HoAdd. #7] $9(AOT)S2S U4 Rt

S ¥ EE g8 FFHE EF fQoz gA] ol FEui(backward
transfer)3l2 24 &A7HE Hddxoz RHuld 4 Ad. £ZF §d9 pH ,
de T/ 2 ol Zx T HUIAA 5L AHH F24HE 2] 9
&) forward transfer ¥ backward transfer®] Z@dX AOTY F%, %
9] pH, 99 & % F%7} vlAe 9 e A2 HEIYH.

1) pHel W& POX9 % &8

93 zAdA pHE H3AZRAE @ POX FZ¢l vlA= pHY I8
ZAbslger. 271 89 22 49 30 mM Buffer systems(pH 3.0 -
10.0), crude extract, 50 mM NaCl2 Z3d" #HA% 5 mL3 isooctanedl
9l 100 mM AOTE 1: 12 E#¢ ¥ 100 mL &z E2k2Hd) g3 25T
2 9% water-batholl Al 10%3F @¥g b2 8,000 rpm, 25C, 20 3t V4
B8l POXE reverse micelledl 2 solubilization 8¢ cH(froward transfer).
2 A% forward transferdllA+= 30 mM Tris-HCl, pH 8004 718 =&
POX solubilization(93% F& H8§)% HJHFig. 5. 8 POX7t
solubilization® reverse micelle®% 5 mL¥ 80 mM Buffer systems(pH 3.0
- 1003 1 M KCI2 ZAFd 42 84 5 mLE 100 mL ¥4 &=



o ¥1 25T %FE water-batholA] 108 &< E¥sie POXE 844
o2 o)FA7l 8000 rpm, 25C, 0¥ T A4 Ealsted POXE 8§ o
Ao 2HE desolubilizationd}§] tHbackward transfer). 1 Z3} backward
transferolA4l= 80 mM Tris-HCl, pH 70904 7I4 %& POX
desolubilization(64% F& £8)S B IYH(Fig. 5). Ywtd oz gduzae FA
% ol&te] pHAlME (H)AFE MEZ AOTY (H)ASE ° JA5A R
AAZAH A™Ho] ZAFs= ¥hE FHHY olde pH dHeAe Gl AE]
(-A}E wE2 FArFH  yhdEe] gt B AFoA  POX
desolubilizationdl] vlxl= 7} & I buffere] pH, 949 T /72
Aztd 4 Utk F FTOA NaCl2 KCl Bt} ol 29 wi7oe] zto} 489
WellAl F7|& hydration shell& FAJ3HAA o] L2 FAo| FAEHT] &
AOT AdaAXe AAZH F528el screening AA7F FAEA
solubilizationo] s A= ReZ Azl POX desolubilizationoll %101 A
= Ntdle] dA3o 2 o] 259 screening 2ol o3 @A} AOT A4 A}
olg] FHNAH AFo] FAEHI] W& solubilization®] A&E}E WA H7|
g olztn wadd  ZFA#{Hoz  gwldo]  solubilization S I
desolubilization 5]& FH-E pH} o] ZFT & HIHAZIVA HAHI 24
I Aen, ols ZF M-S MelA o Z solubilization, desolubilization A]Z
2=

U2-E 9uljc},
2) POX forward transferdlA 95Xl njxe 4%
Forward transferoll A o] Zx 9] Fg-& Golrs] 943 FTY AL

mM Tris-HCl (pH 80), crude extract, 28|32 100 mM AOT= 1133}
HA7 99 FEE g8de 1 AOTZ29 POX solubilizationd YeRE

8

I
A
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Fig. 5. pH dependence on forward transfer(FT) and backward
transfer(BT) of peroxidases.

FT : 30 mM buffer systems, containg 50 mM NaCl.
BT : 80 mM buffer systems, containg 1 M KCL
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Fig. 6. Effect of ionic strength on forward transfer.
System : 30 mM Tris-HCI {pH 80), containg various
concentration of NaCl,



olt}. 21 A3} Fig. 6olA YeRd ulke}h o] 50 mM NaCle] FXoA
7} E2 POX solubilization® Rgoeuy MwaEe sz ol Axrs /84
2 guiA el solubilization 3= F4dte S 24k o st
POX-AOT solubilizationol] ©lA= G POX(+ Ashe) AOT AW(- A
3hALole] A AZA FEAEo] W screening AHVF Sislo]  POXs}
AOT 7AlId Alole] 1Fo] HAd] W& Reg g4t

3) Backward transferdl4 Q& Xl nlx= 4%

Backward transferdll Al o] 7o nlXe 98-8 A7) 98 gz
forward transfer®2%-& 30 mM Tris-HCl (pH 80), 50 mM NaCl, crude
extract, 100 mM AOTZ ZA3%x BTY Z3-& 80 mM Tris-HCl (pH
700,22 233 g9 FH9 F=5 92 & ol POX desolubilizationol
nx s 9¢E Jelideh do ZHdA forward transfer §%F backward
transfer-& ® o] 9 FTH} Fxo we} desolubilizatione] HE A& ®
oFH 1 M NaCl %A 7} ¥ POX desolubilizationd 2o o]2-9]
59 Hxo) uat POX desolubilizationo] th27 Jebd A-E BoFm )
t}. POX desolubilizationel] 9}z g&2 MgCl, KCl, CaCl, NaCl ¢o.2
2 Aoz deud AvA oz ojge Zmst F7Hgd det
desolubilizationo] Z7}8ted solubilization® whl 232 Bdd. POXel
(+)Asek AOTH (H)A3e] AA713F Aol oa POX7t FojdAlel A%
Hol gl AejolM (+)o] &E9 A (-)H3tel sl POX9 (A3l 7
FHo2 #L5ha] desolubilizationo]l Yojydrn =z 3hdeo] ®el Hol Qe @
MY Y,E desolubilization FHZNME 2TE o B o]2ES sz &

Aol

— 43—



4) AOTHEXE WE forward transferdlAl POX solubilizationol] ©]3]
= 9%

Fig. 82 AOT%X o m& forward transferol4] POX solubilizationol
plxl= 93 APEr] 98 forward transfere] 7€ 30 mM Tris-HCI (
pH 80), 50 mM NaCl, crude extractS 131 AOTS »:E dfe
u} forward transferoA] POX solubilizationel] v]3& 98 vehdidn, 2
A3 AOTY ¥x7F $718 42 POX solubilizatione #7139 120 mM
AOT ol3%E #43e ZA¥E RAF1 Utk ol POX solubilization
olAe AOTS A4 =& 7HAL ISS & + ARy POXS forward
transferol £ 110 mMe] AOTH =7 AFo 2 we 59U,

120
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B
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o
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Salt (moliL)

Fig. 7. Effect of ionic strength on backward transfer system.
System : 80 mM Tris-HCl (pH 7.0) containg various
concentrations of NaCl.
® NaCl, B KCl, a CaClz Vv MgCl
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Fig. 8 Effect of AOT concentration on forward transfer system
System : 30 mM Tris-HCI (pH 8.0), containg various
concentrations of AOT

5) Crude extract2%E] HZ3}d reverse micelle system o]&3
POX 2] AA

ol4e] AE T3} R Wl Wy Fo] POXE F2317] YA
+ isooctaneZ ¢ A AOTHT T 110 mM, forward transfer®] ZZAdAE



30 mM Tris-HCl (pH 8.0), 50 mM NaCl, backward transfer®] &l
80 mM Tris-HCI (pH 7.0), 1 M NaClel #AHgoz Jewd =3
forward transfer, backward transfer 331 7] €oj(AOT)E3 59 W&
< 1 Uv/v) ol 7HF HPslgdoh A7t AP reverse micelle 9]
2% peroxidase FAAA 2] AATE Fig. 9o ebdigid

g ::: k‘;’é“""c" pHa.0 110 mM AOT
Crude extract iniscoctane

'

Maang for 30 mun using the mognetic stirrer

'

Centrifugation for 60 min at 8,000 xg

|

l Micellar Phase l 80 mM Tris-HCI, pH 7 0
1M NaCl

Mixing for 30 mun using the magnetic stirrer

'

Centrifugation for 60 min at 8,000 xg

— * \
Aguecus Phase Miceliar Phase

Purified
Peroxidase

Fig. 9. Flow chart of peroxidase purification using AOT reverse
micelle system.



6) AOTE ol &3 Ao dF AA

Yol dAYF Ko fAho UF FAE theH B2 &A= P}
Atk F, FHA MY A AW wiF(FF FARIZFE 1996
99 17 S A Bol F Ao} FE AAYF F 5 kg2 W A7)
2 %39 crude extracts 3,100 mlg At Crude extracts 250 mldll &
£4 250 ml, 1 M NaCl 50 ml, 1 M Tris-HCI (pH 8.0)2 450 ml 7}3lo &
o] 1,000 mio] EA &F 110 mM AOTE =9 isooctane 1,000 mlg 7}&}
1 A& A magnetic stirrers ©]§3ld 30 E3F F my Q. doyx
emulsiong 5000 g <A 60 &3t A4 £33t AOTSEH 525 23
Ak ol AOT%2 810 mlolth.

Table 2. Purification of peroxidase using AOT reverse micelle system
from Chinese cabbage roots.

Step Protein Total activity  Specific activity  Yield Fold
(mg) (unit) (unit / mg) (%)

Crude

extracts 1,300 2236 1.72 100 1

AOT reverse
micelle’ 40 1349 337 60.3 19.6

AOT reverse
micelle? 31 1920 - 29.9 41.1 17.4

Phase transfer was ' centrifuged, % leaved.



AOTES & Fa@ F backward transfer® s 80 mM
Tris-HCI(pH 70), 1 M KCIZ2 F4E %% 810 mlE 7}8x forward
transfer®} vh7EA2 2yat A4 R g vk AYEEE £Fo=
transferd EANB60 mhS £el3ly 12 ZAE ol ddd.  oF
Table 3914 & 4 A%l o 60% 9 & &2 AHA o] AOTE A}
£ reverse micelle systemo] Z&g T4 A $do] 8 & AL RoR
Bersldch. §3, forward transfer, backward transfer?] WAl AOT/4E
o] detdio 2 RE AGDERA d4 BE ol&sla o dF & Al
de ¥4 #e 2Adux g =8 € AZe] £8HER FHE ol &
22& Alzdgd. 23 F fFol F oy Al whye] 94 &
g T A2 WAjste Avte]l @itk F 7HA A& Wi Aold ot
& fAo A AL Table 201 YeWRATE Table 2014 & 4 UKo
F gztele & zolvk §lo] 101 ol A E8 Aldx iy d4Es
719k e AAd FAE 1A %1 AYA|A £ AL Aoz fddd

4. Chromatographyoll 21§ 1% AA] POX<] A4t

AOT reverse micelle€ ©l-8% &40 diF A A Aol +

Hol Al £ AFZ Yo 22 AOT reverse micelle systemo. 2 2

2 AAE fais e sl DEAE-Toyopearl column chromatography& ©)
23] 1E HAE FPI}AT. 3-6)dAM dojA EAAE 10 mM
Tris-HCI(pH 80)¢] tisdtd ¥ T4 F 10 mM Tris-HCl(pH 8.0)2
28513 DEAE-Toyopearl column(1.5 x 10 cm)dl £t Alg9 =
dol B ¥ 0 - 05 M NaCl& /% 10 mM Tris-HCI(pH 80) &5 &



A(total volume 100 ml) 2.2 linear gradient2 €23l tt. NaCl gradient
7} AFERA 4] §F0] ul2 olFozon o] #YL Aulsle Table
3ol YElRon dulide] ArgEs gL Fig. 100 JYehdidck. ¥k a2y
qA & F ARl BhE AERHOZ HAV €€ & + Aoy 53] o] 3
AL 3-6)0AM dolz FEARE AHYHoZ FET £ s B ol A
T oL & & U B AL oL wiF e iy R
5 ZA Ao AAUA7EA 2041 ol o] &L Altel ¥ 4= Qo] AAF
A YA FHAGoe] Ao R Aoz WEEI

Table 3. Purification of peroxidase by AOT reverse micelle system and

column chromatography method,

Step Protein  Total activity Specific activity Yield Fold
(mg) (unit) (unit / mg) %)

Crude

extracts 1,300 2236 1.7 100 1

AOT reverse

micelle! 40 1349 337 603 20

DEAE-

Toyopear] 55 894 160 40 93

! Centrifuged
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Fig. 10. SDS-Polyacrylamide gel electrophoresis of each purification
steps.
Lane A, G, marker protein : Lane B, C, crude extract ;
Lane D, after bckward transfer ; Lane E, F, after
DEAE-Toyopear! column chromatography.



A14 A A

POX 9l W2 713 Eolgdoz lstd A M8 Aleko 2 2E phenol
4 A5 AAS A% FAA Aok, AokF] AAFH ol& slEAHL 937
QRS st RE3] A7HY aFAM ARE BAE PAo] w
I A FAAY S E T3 A4F WF AMNT £ ds M
AT Qo] A AH ol gAo] ¢ =k® "~ 9 pOoXE s1AE guaiacol,
cathechol, pyrogallols phenolXd 3}§Eo] ttetslAl ol&&x Uk o] 7]
AL POXel o&f FdHA A 2dS gt F, POXY w8 A
AZL O Ay g4 L A3 JeE2A ol A3Hoz F4%
7 7F de

9 92 g o83l FEo FMEE olEut AR dAVIHLE AF
TN AEHoZ xFE(HYR)E =t FEHn g 7R H
of AAMR Mzt AAHQA 47AL F73e A wEY 17 94 4
Az NER olfo] Hi Ut ZRY I HFLS P2 P& 59
2l phenold 3323 polyphenol oxidaseste] wHE-& 0|83 oz WWTH
gt a2u @ Ao AEA APoezr ZRe AL Aol Hu o
o2 AR Aol v AEL Y-S NEd dert Ak POX9] ukg
B g A2E Yehdeg w3 e 7199 A4S o]83a diAl
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2R Ao ol§ 7HeAE 7HAL e EE olg HESuA Hch

¢H, HFgE sgE g POXY w3 @A Aoz 898
Ak, POX9 whg FAH AAE SFES AR FYR A9 Aol
phenold 2] A2 Fd 2885 Avh  dWali B djdaes POX9
FEre 2438 s S3UELE YR o) JieAn
2,4-dichlorophenol®] AlAHd] Hgsiga? -2

A2d  Asg Ly

1. Al <F
Al2AFAA2AEF=E
2. Z2EA9 A

A2 A2AEFz
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3 5ie] 84 4

A2FAA2AE FE

4. =LA QA

POX2] 71&=2 guaiacol, cathechol, pyrogallol, gallic acid & phenol’d
3HEo] ggstA o8-8 tHTable 1). Table 18] 71a% w3 By 32
EL 54dozste RINAE 2 2FF)E A &2 F #4334
g 718t 37CTAA 32 JHAISAT 3083 vHE-F o] TeEln oA
Ho wrgRo g FMste AFS 33 wrEdt] PAE AArE AR e o
w3 Mo Mol sertE FFAIAAY

Table 1. Composition of the reaction mixture for dyeing by
crude peroxidases.

Reagents Volume (ml)

40 mM H.O:

40 mM Substrate’

1 M Tris-HCl(pH 7.0

100 mM Phenol

Crude extract

Distilled water 3

sSRHRBEZ

Total Volume 500

* Substrate : guaiacol, cathechol, pyrogallol, and gallic acid



5 T wiYg

1) Mae] wlF

B Agd Ae" AAFFE gram(-)2 2= Escherichia coli DH 5-
a, gram(+)2 2 Bacillus subtilisS A}43lltt. Table 29 8l|xE 500

ml A flaskel 100 miy £33 ndAd & H 4 #5585 1 93] 3
Z3l 2 Agrlo)A 107-108 rpm, 37°C, 2441t B+ w3l ot

Table 2. Composition of the medium for antibacterial tests

Nutrition percents(%)
Glucose 0.1
Yeast extract 05
Polypeptone 1
Sodium chloride 05

pH 7.0




2) & &4 FA48 F3uA

Table 2¢] W42 Petri disho) 815MAE VEF 5-DolN WId 2
2o AATFE AFE FFNAE T 9ol ¥l BF B4 398 3
AE YEs.

6. ¥ad B4 HA

Table 3, 49] Whg-oo] A3} F4E Hrlsle wh-g-g JAFJE 37T
oA 0, 0.1, 1, 5, 30, 60, 120, 180%F FE FolA 3§z 71dsty ¥g-&
AAAN A, g FAY 50 w2 paper discE HANF ztzte] HAFol A
Z" F3ulAo) &3 F3 7CAM &2 uigstd YSHAP-E AFs}
k.

Table 3. Composition of the reaction mixtures for production of
antibiotics by crude peroxidases.

Reagents Volume (z1)
40 mM HOq 200
40 mM Substrate’ 200
1 M Tris-HCl(pH 7.0) 200
100 mM Phenol 100
Crude extract 50
Distilled water 1250
Total Volume 2000

* Substrate : aminoantipyrine, pyrogallol, guaiacol, and tanic acid



Table 4.

Composition of the reaction mixture for production of

antibiotics by peroxidase

Reagents Volume (1)
40 mM H:0: 200
100 mM Substrate” 200
1 M Tris-HCl{pH 7.0) 200
40 mM aminoantipyrine 200
Crude extract 50
Distilled water 1250
Total Volume 2000

* Substrate : pyrogallol, guaiacol, tanic acid, and catechol
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Fig 1. Schematic diagram of air lift reactor.
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7. Air lift reactor

B Ay A8 air lift reactors Fig. 13 2 72 & 3kal U
reactoroll pulp 30 g& 7k 1,200 mie} whgH-E 37T, 100 mM Tris-HCI
(pH 80), w8 Zde2 {3 110 ppme] DCPS 3413t whg-Alzlen
35% H:025 1413t $¢F 0034 mM/minZ peristaltic pumpE ©] 839 A4
FAHA.

8. 2,4-Dichlorophenol(DCP)¢] A%

POXdl 9@ DCP 5% AA wgL£xe IE DCPe J& 5338
T34 & g Imio} IN HCl 02 mlE 7}5to w82 AAAFIaL IN
NaOH 02 mi& 73l F3kA1Zl s 10,000 rpmellAl 5¥3F A4 #2i8
t. 45 1 mid] 4% AIK(SO12H0 02 mlS 7Fste] FAL &4
g AEde] Fol U DCPe F& POXE o8¢ &43 wyoz AF
st o



A3d A3 H 2 F

1 823 g2 §¢ 2% oA F9 g

POX9l 7142+ guaiacol, cathechol, pyrogallols phenold 3}§E o]
thdslA ol &1 Ut olE 71AE POXe o3 FHEo i 42L
Jeldz Aok Az Z1Ad WS ¥ F2EL A490F 3o 3P
(FE, S¥2)E g F2 F HA3} 48 /et ¥g-g JRAIRIA
ok 30E vEF Aol FEa gl gAaE e $AHE 33 YB3y
A48 Ma7t AE doA ol 42 JehdleA @23 Fig. 29
A G g AR 71F 9 FHA gt vetds AZo] 4zt ggion] 39
FHel waAe oE 7S Jellid ueld AL 2 9 A4
=22 FE S04 2o A4S Jehe d83FHor 38E £
oAFa Uk G4 MeA HiZHEe dEAAY dE8Ec F2 44
BAZAE st At E AFAM Aleg B4FH GAYL HEY
¥ | A 2Foln FAES A8E 3}7] W&o AR
g 3L 7R Aok B ol A GAYA Role F

{ e

XM
o rlo
ffo
o2

Lo
oS
o]

=
Aol Tos B GAF Aiel IPY, AAE T PO 2 B AT
oF & sAlolck.
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Dyeing of cotton fabrics(cotton cloth and muslin) using
peroxidase from Chinese cabbage roots,
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peroxidase from Chinese cabbage roots.
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Dyeing of cotton fabrics(cotton cloth and muslin) using



2. Asg AdARe ol

Phenol, guaiacold& 71AE ¢ POX9| whg A E] aF 4L Z
cthe Aol Ao Ayl k. B dApdxe svleA 4A 78 5
AE HF RS o83 FAL FHEHY w7 MY FHE T
oS ZEZ 7S G wgdy I 4L ANHAD. Gram(-)
@ Oo.25% Escherichia coli, Gram(+)@ 2 2% Bacillus subtilis 73 #22
3o B} 48 2ARIAY. $4 7139 SR B8 ddA E49 44
2 Table 59 Bt}

Table 5. Enzymatic synthetics of antibiotic using peroxidase from
Chinese cabbage roots,

Strains Escherichia coli Bacillus subtilis
Substrates
Phenol - -
Phenol + aminoantipyrine 4 it
Phenol + pyrogallol + 2
Phenol + guaiacol + -
Phenol + tanic acid + -
Aminoantipyrine - -
Phenol + Aminoantipyrine 4t +4++
Guaiacol + Aminoantipyrine ++ ++
Pyrogallol + Aminoantipyrine + +
'+ ; Good utilization , - Poor utilization



Escherichia coli Bacillus subtilis

Phenol

+ Aminoantipyrine

e
R AR e
o 43

Guatiacol

+ Aminoantipyrine

Fig. 3.. Time scanning of antibiotics production using Chinese
cabbage peroxidase.
Reaction time : 1 : Omin, 2' O.lmin, 3 ! lmin, 4 : 5min,
5: 30min, 6 : 60min, 7 : 120min, 8 : 180min.



Table 59l & 4= QURol a4 B2 543 FA4L A} 5490
2 wiF ey 2ELNE AHEY Fvde 718 2A phenol EE guaiacol
% aminoantipyrine€ AHE-E W 7} Aol & EAo] FAHUG. w
S0l g vt YARE YA A dsks BF3r] A8
& ABER Zz7pe Algtel did #A-Ae] WEs FFsEg. o A
T Al AR @9 44 wal 2349 Aole AAoY JEh v-E AL
o] 1&alA 60% AlelalM g Ed9 4ol B JYeh Ak (Fig. 3.).

g7

o

3. =4 s 243 X

B d79 13 ¥4 d7F AdelA Jeld ulel go] Bals F{FNE
olg3ld A4E FE3IE A% AAM POXEAZF pulpdl: $ITF ot
Aeu 2 olF o]lg¥ Werto T air lift reactord® FAdl F=4 FEQ
2,4-dichlorophenol(DCP)9] Al AH¢] AHL3l¥tk Fig. 1 & FRE zte
reactorel]l pulp 30g2 7FgF 1,200 mie] ¥gA-& 37T, pH 809 ¥-g FHo
2 A3 34 gAY 35% HO0:5 147 $¢ 0034 mM/mins
peristaltic pumpS ©]€-3 A& FI3A}. Fig. 494 vEdRo] g
2712} 110 ppme] DCP7} POXE o] &% 3A12te] wHe-§¥ 6 ppmo 2 #H4ad}
At Fig. 491A & & QAKo] wkgo] 30 Ad F 90%°l42] DCP7} A
AU 1A AF2 543 vhgo] 48L& 5 Urh

B A7 Aot 1da A7 ARES TP 2y wiF Yo ad F
Z AR pulpd) FE3l= POX+ phenol @ DCPst 22 oj2] 7} phenol
A B9 AA FE3I] ol2d U X Uvke A& UER AL
B oye o s o8 #E3 AlLE o 71E B hFe] v
A Agsld & ZYFo] Hol gou B dFdMe dA7A AFH oig



§ mANUE gol ARP ARS A8 A Agste JHF Fool He
Ak & 5 Ao

120
¢
100 —
3
Q.
S go-
o
<
Q
-
2 60 -
Q
.
L
o
o 40
<
N
20 —
& o ® S
Y T T I l T T

0 30 60 90 120 150 180

Time (min)

Fig. 4. Removal of DCP in air lift reactor by Chinese cabbage pulp.
The reaction was carried out at 37C in 20 mM Tris-HCI, pH
80 containing 110 ppm of DCP. The reaction volume was
1,200 m! and hydrogen peroxidase was fed at a rate of 0.034

mM/min.
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Fig. 5.

Chinese cabbage peroxidases

0.7 — from Chinese Cabbage roots
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Quantitative analysis of cholesterol by horseradish and



4, 1% AA POX9Y ol&4 HE

4 HAME A2z POXE o8] 7HA] B4 ¥hge 3T M8 &4
2A FPASA olgET A F A AR Fo BF IAPES A3 &
A(oxidase) F 2 AM3IE F AAss A443 £4F POX9} chromogene] &
A shol] WAMAA £ FAFES] FT FH3E systemo 2 o]FolA it
B drdMe gdAdF 9 AMS-sl cholesterol 334 kitS wjF #a
7199 542 diAstd $& 7MeAdS FEINAY. Y F9 cholesterol
ZA et ol 85 cholesterol@ &8 kit cholesterol oxidase®t POX
g3 wAaAleRE o R olRoix vt walM HEFAHQ coupling enzymel 2
AH-3He POXE Al#el A3 & AFA AAT BLE T4 FFA

2e f@slgrt. whgHe 2 umole aminoantipyrine, 35 umole phenol, 2
unit/m! horseradish ¥+ ¥ %] POX g3 1 unit/ml cholesterol
oxidase 2 o]Fo|Z &A& 0TAA Z &8 J7TAN 383 FAFY
t}. ®%7} ©27A cholesterol & EA v §-do] Frlsle wkg-g& A8}
Ak 37TelA 1023 WA &yl Fv BolA 383 7143y
v AAATI 94 e & F AFA FFEE 500 nmolA &4 &
9t Fig. 5olA veh=o] cholesterolel %7} £7 o) wal 500 nmoll
Ao FRErE AgHez 37MEE ¢ F AN EF A#e POXsix
Fixo F71 427t ol wiF we] ride] HAVE g4 BAE Aoz
A FE3] AHEE 5 USS 2o FUO. olhe WL R HAsSA
¥+ phenol®] FFde ol84L FEF Ax vh/IR £& HEAS
VeRl ATt ‘



A1d A A

B A79 A 2 FoA= AOT reverse micelleS ©]-8§ POXel o}
AAe 5 HH3l AL dAsPT. o HPE FTALE o X s}
F TH AR G4 A A 4FS AT EAFAE ARG

Al2A EHUFHY AL R AA

1L A #4719 28

AFR A 7 A 298 4 e TE wF Y )
(A old FAe] YL L AFE, H44 4 WA i, A
2 189 H8FTd FAt. T TR AF HH4E AY AdArle F
Pran o2 AR 47 RAQY ALF A71E9 Az AlXE A A
AFo2 A Je AL AHS3ALen I 71RAH] T2 wiF e
WP sdol AHEE H47]E Fig 1 3 24 Yl
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Fig. 1. Diagrammatic representation of meccerator.

B 719 NEHA B4 dhye M8 SF719 vy ZHFA
§-Fol & extruderS AHESIEZ pulpel 7AW AF Al JdiFHez 4
o] #AFA WAse 949 IS FAls 4 gk g 2 o)
EA 32 58, Y £F T /MRS 5719 vindden O ARE
Table 191 Yel Atk Table 1614 RXo] ta Xelo] Qo] & ATFoA
A dF A7 5L 5% 583 MY £F §8 Jehix Ao &H
R FFAM A & Ux AT 4712 BIHUG.



Fig. 2. Photograph of meccerator used in this study.

Table 1. Comparison of peroxidase extraction by juicer and meccerator

Machines Roots Total Treatment Total
volume tfime acuviey

(kg) (mbD (min) anit?

Juicer 1 550 15 19.30%
Meccerator 1 626 T 13013




2. ¥ 342 HA

A9 wlF Bel= cabbage root storageo] WA BAHTE o] A
Aol ex= ol 4%, W, B, 4 F59 ¥F cycled ol83ld HF
AR 2= FANEE 2FEY. AU viF B conveyerE |
£38to] washer(AMAZR)Z olF3M =Hol o7 7HA] E¢Eo] AALET A
g w3 ¥+ vacuum conveyerdl 213l homogenizer2 ol% 3} H+&H|
ol conveyer ¢tZFo] #ALshE AT o] Bo] gsgt. g4d€ wE
¥ gl homogenizer®] hopperE %3l homogenizer<te 2 olE3HAl H1
olRoAM ZIAAHQ Wyl o] Wiz ¥eEle] ME 3 o] 4] solid
phase(cake)®} & (juice)FEl ] aqueous phase® uyylojzch ol Wi E
9] peroxidasew W& MX FAEI} 7 aqueous phased] xZ €}l o]F
A 248 wWiFFL Ist mixerdlA 110mM AOT7F €9 lE isooctane
3 @& =ed, oW st mixer2 FFEE AOT-isooctanedl -3
FFHE el 3ol vladle ratio controllerel i3 M drth
Peroxidase® 1st mixerol*l HZ3}= &< aqueous phasedllA micellar
phase2 ©ol%3}A "th(forward transfer). ¥ 110mM AOT-isooctane
solvents= AOT-isooctane mixing tankolA ZA&=H 22} 9] storage tank
oA ratio controllerell 213 F&F AOTS %7l #ASEEE mixing tank
2 FF8%. st mixerdjA] FFd EFEO] Ist settlerZ2 RUAHE d&
© 3 aqueous phase®t micellar phase7t ¥2l59] aqueous phases ®¥a|il
peroxidase7t £° Sl micellar phaseqt 2nd mixer2 olF €t oluf H
g1771Y} 2nd mixer2 ol HE= #FS 1Ist settleret®] aqueous phases}
micellar phase Atole] AR <] golo] wre} AT 2nd mixerZ ol ¢
micellar phaset™ 1M NaCl €9 (aqueous phase)® HZ&A Htl oljuf KA



FFHe NaCl €99 {3 FF5E micellar phase?] F%Fo) nlalsle
ratio controllerol] 28] ZHH ) Peroxidase: 2nd mixerdlA HZ3}e &
¢t micellar phased]A] ©A] NaClo] €9 & aqueous phaseZ °©1%5 34l =
th(backward transfer). 2nd mixerolA H&8 E@E©] 2nd settler2 B
AW Q44032 micellar phase®} aqueous phaseZt EEHI, oW
micellar  phase= WeElAY YAl recycledld 1st mixer2 Bz
peroxidase’} 9] A+ aqueous phase?t UF concentrator® o]F 5o &
g, olg} A4l W@]AY UF concentrator2 &=+ #%2 2nd settler
QF9] aqueous phase®t micellar phase Alole] Al o] Folo wa} A,
A =1 FZ% peroxidasex vacuum dryerol 2l&l powder Ej7} Hx
packaging unit2 AX FF3i7t ¢Addd



A schematic diagram of peroxidase production process
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ZHN W 2F MY A=

A1d AMA

2 A7 ], 22 dx 4TFE F3ld Ahel diF Ade BE HAH3
z23¢ AESYT. B A7 A7l w2 A4S FHS MY g2
AgPAre dov B A7 Al 4 FoA AAE 529 P8 3HE EW
2 scale upE T FFAHPA £85HE A9 iR ol a: F ¥
Zu o} A g AE3A o]E Ed2 FAAY BtE £YRE2M 3F 4
¥ A=A

Al2Ad wjF e 3o 4H3

Fig. 1& w3 @olA wiFg &1 & Fo| EgFojg. ApdAM
EldRol ¥ fjols AFAol ¥ wiF H wiF AT HIIEel EHA 3
of uiF ¥l 359 7ASIL A& Aotk F #FHA AV TL ol&
dlo] Balg Ao Aoy Fuigx ACIES FYE AEsol = AAHS
Aol st B £ AHF3] dojof sk osgol Ao #al S JA
e 1A ARV A2 Ad A2 FESoF ¥ ARgteln.
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g9, ui5 g Idsted Z2s AME FA30] A3ld 4 3
2 3ol wlF By s A} e =S FAAFIAL. 508 AY 10
B Fae= 43 wE(E Q] A 2008 / 1)ske et v S e &
B 2,000 ¥l F A Fo FF S oF 0 kgo 2 1Y Y AL 8
tez s 103 80 kg(4,000 e AF7 7bsd A= A4t
. ol HiF i e FAES 20 go g YL APy BF @
el 20 gold =HE= B FAvld ud AHFE FHE 5 AL Ao
2 pddd

2 I

i

Fig. 1. Photograph of Chinese cabbage patch crop after harvest.



A3d 3F HYH HE

1. 284144 W9 (Equipment list)

1) cabbage root storage refrigeration unit 10, 230, 000
2) water tank 2,970,000
3) water pump 1,950, 000
4) conveyer 4,950,000
5) washer 1,320, 000
6) vacuum conveyer 11,540,000
7) homogenizer 940, 000
8) AOT tank 1,650,000
9) AOT pump 690, 000
10) AOT-isooctane mixing tank 3,960,000
11) AOT-isooctane transfer pump 1,090, 000
12) isoocatane tank 3,960, 000
13) isooctane pump 1,090,000
14) 1st mixer feed pump 1,090, 000
15) 1st mixer 590, 000
16) 1st settler 6,600, 000
17) 2nd mixer feed pump 690, 000
18) NaCl solution tank 3,000,000
19) NaCl transfer pump 690, 000
20) 2nd mixer 520, 000
21) 2nd settler 5,610,000



22) recycle pump 690, 000

23) concentrator feed pump 690, 000
24) ultrafiltration concentrator 430,000
25) vacuum pump 73,000, 000
Total 139,840,000 ¥

2. Ald e} o] AdAst 714 4E (Equipment sizing and cost)

Wz 1,000tone] 2E4N4E A & 5 e FF FRoIH zaELY

vl g4 33 unit/mg , @82 47 mg/E 71EoE AEsQH.
1) cabbage root storage refrigeration unit
@ A% HY L8%
a) 2759 7 d Y NE

1000 ton ' 1 year | 1day' kg

year l 275 day operation { 24 hr l 1 ton

by WiF BT L8 Y

= 152 kg/hr

B A7 A% 250 ml9] crude extracts® FE 860 miel A &4
AL 89 crude extracts®] H1EE lg / em® o2 AN Aztd WS



wale] Azl A4 At

152 kg 1 2 0.25 ¢ 5 kg
purified enzyme crude extracts cabbage roots

hr 1 kg 0.86 ¢ 3.1 ¢
purified enzyme crude extracts

= 71 kg of cabbage roots / hr
c) B AF7IZHE 0¥ = A3

71 kg | 1 ton | 24 hr | 30 days

= 51 ton
hr ‘ 1000 kg | 1 day I

olde} Aite2RE 51 tond AR 4 Axe FuW FE3Io) 3
32l F7 = 4dmx10mx 10 m & AadA,

@ didAl 289 P&

heat of heat evolved heat loss heat loss
Total heat load = + by operation + through + through
respiration and lights roof and walls floor

a) heat of respiration (ref. 49 71&) = 51 x 150 = 7650 W =
7.6 kW

b) heat evolved by operator and light = 4]



c) heat loss through roof and walls
1] GLAZ polyurethane foam< 300mm, ¥ HAH 4 x 10 x 4
+ 10 x 10 = 260 m®, JRLE 25C, Fa) L& 4C 71Fo2 dn 9 &
=£& 0026 W/ m/ K 4334,

0.026 x 260(25-4)

= 473 W o] Hgo] 4njd.
0.3

d) heat loss through floor

2a3E oyl $7 450 mm, BA 10 x 10 = 100 m%>, ELLE 10
T, AWLE 4C, 23YE AEL 08T W/ m/ K & 243,

0.87 x 100(10-4)

= 1160 W o] Mo} Anjgg
0.45

e) total heat load
welA F &4

76 + 0473 + 1.16 = 9.233 ~ 10 kW

o] & ton of refrigeration® 2 g4r3pH



10 kW [ 1000 kw [ 1 (Joule/sec)l 1 cal |1 ton of refrigeration

! 1 kW ] 1 W l 4.2 Joulel 844 cal/sec

= 2,82 ton of refrigeration
@ cost of refrigeration unit (ref. 46)

196734 CE equipment cost index 107.7 (ref. 47)
19954 Y " 4280 ol 2

Cost indext¥ 428/107.7¢] it}

71& 97Fe $ 3100 ol=2 walA cost indexS A &3P

428
$ 3,100 x ———— = 12,319 dollar = 10,230,000 ¢
107.7

2) water tank
AH e B Ae W3NS AT Fo] Fo] Ak (ref. 48)
T=(-¢"
TS AHE dolfle HE &, nd A3 Jo} e B F3 A

Ageelel Byl v e A3 Agolth
i3 S 1% retained solid ¥ @4 M3 3tT washing effiency &



N%=Z FoA,

(0.01) = (1-05)"
n = 664

kgd Holdle B9 F2 4oz 200 mliolata A(FFE 20%)

kg@d ot AH5-F =664 x02 £ =133 £ /kg

1.33 ¢ 71 kg 94.43 ¢
s AEE "8 AH F£F = X =
kg hr hr
94.43 ¢
» A4 (day tank 718) = ————— x 24 hr = 2266 ¢
hr

A8 carbon steel2 3l cost indexES A48l A& EW

428
$ 900 x ———— = 3,577 $ = 2,970,000
107.7

3) water pump

2 9443 liter / hr, AP : spray 6[kgf/cm2], type : centrifugal& 7]
F3l



6 kgf , (100 cm)? | m’

I
|

APy = 60 [kgr - m/ kgl

cm? ] (1m)2f 1000 kg

ahd &4 RA], Eo) 1 3 m2 4R,

63 kgr ~ m/ kg

i

« W =(Zz - Zig/g: + APV + Fr = 3 + 60

Wpv (63) (1000) (0.094)

ze = = 0.05 hp

(3600) (76)7 (3600) (76) (0.4)

Pump 7}8S %% 9443 liter / hr 71222 3}3 cost indexS A&
819 (ref. 46),

428
$50 x ——— = 2,384% = 1,950,000 ¥
107.7

4) conveyer

Z 16 inch , "o] 20 ft 7]& 2.2 33 Cost indexE 831 (ref. 46),

428
$1,500 x ———— =. 5,961 $ = 4,950,000 €
107.7



5) washer

16 inch ; 60 lbs/linear ft, MA&{X% : 1,176 kg / hrE 71Fo2 3d

Conveyer linear velocity©

%kglft l 11b I 1 hr

= 0,058 ft / min
hr |60 Ib| 0.454 kg | 60 min

washing time : 30 min, washer length = 30 x 0.058 ft / min = 1,74
ft = 2 ft, washer width ; 2 ft (16 inch conveyer), washer hight ; 3 ft &
A4 s,

12 ft° |7.48 gal
i

washer volume = 2'x2'x3" = = 90 gal

|1ft3

7€ @7te $ 400 oj=22 WA cost indexE 2-8-81A(ref. 46)

428
400 x ——— = 1,590 $ = 1,320,000 ¥
107.7

6) vaccum conveyer

conveyer 7|&(ref. 46) 4,950,000 W

power pack 9 @715 4+E&3 A (ref. 46),



428
2,000¢% x

= 7,948 $ = 6,590,000 9
107.7

u2kA] 4,950,000 + 6,590,000 = 11,540,000 ¥

7) homogenizer

crusher : 71& 100 ton/hrd 3% 22,000 $el==2 &3 0.071 ton/hre]
73% sixtenths factor rule 283},

0.071
22,000 ( —— )%% = 284 §.
100

22 cost index 3-8 (ref. 46),

428
$284 x ——— = 1129 $ = 937,000 ¥
107.7
8) AOT tank
Ay AOTY #
152 kg 12 of 18 110 mole 1 mole |444.5
purified enzyme |isooctane AOT g
hr 1 ke 0.86 of 12 1000mM |1 mol

purified enzyme| isooctane AOT

= 8642 g /hr = 8642kg / hr



day tank2 7} @

8.642 kg
BF = ————x 24 hr = 207 kg
hr

50 % in solvent= 7}Ash®
tank €3 = 414 liter = 109 gal.

Cost indexE 83} (ref. 46),

428

$500 x = 1987 $ = 1,650,000 ¢

107.7

9) AOT pump

% 86 x 2 liter/hr = 0.08 gal/min.
head :© 30 ft.

Cost index & 283} (ref. 46),

428
$210 x ————— =835 $ = 690,000 ¢
107.7

10) AOT-isooctane mixing tank

12 AOT isooctane & 860 mé purified enzyme solutionol] @22



152 kg Ii {of purified enzyme 11 £ of AOT isooctane solution

hr li ke 10.86 of purified enzyme

= 176 £ AOT-isooctane/hr

day tank 7|5

S 8% = 176 0/hr x 24 = 424 liter

4.22 m* 12641.2 gal

c 8% =176 L/hr x 24 = 424 liters ﬁ ;
m

2 cost index #-& 319 (ref. 46)

428
1200 x ——— = 4768.8 W = 3,960,000 W
107.7

11) AOT-isooctane transfer pump

176?,!19&!! lihr
FF = = 0.775 gal/min
hr } 3.875 liter [ 60 min
Head = 10 m s 30 ft
2& cost index 7]&(ref. 46)
428
$330 x ——— = 1311,4 $ = 1,090,000 W
107.7



12) isoocatane tank

12 AOT isooctane & 860 mé purified enzyme solution®ll 3 @322

152 kg |1 2 of purified enzyme |1 £ of AOT isooctane solution

hr |1 kg l0.86 of purified enzyme

= 176 £ AOT-isooctane/hr

day tank 7|&
88 =176 ¢/hr x 24 = 424 liter
4.22 m l264.2 gal
8% =176 L/hr x 24 = 424 liter= —
| m
22 cost index 2-8 3} (ref. 46),
428
1200 x — = 4768.8 ¥ = 3,960,000 ¥
107.7
13) iscoctane pump
l762|1ga| |1hr
F = = 0,775 gal/min
hr ’ 3.875 liter ' 60 min

Head = 10 m = 30 ft

2L cost index 715 (ref. 46),

— 86—



428
$330 x ——— = 1311,4 $ = 1,080,000 ¥
107.7

14) 1st mixer feed pump

176€llgal I]hr
F = = 0.775 gal/min
hr l 3.875 liter l 60 min
Head = 10 m = 30 ft
2 cost index 71& (ref. 46),
428
$330 x ———— = 1311,4 $ = 1,090,000 W
107.7
15) 1st mixer
wHrALZE 308 J1E
176 ¢ 176 ¢
flow in = =———— ( crude extract) + -——— (AOT~isooctane)
hr hr



32 2
hr

352 ¢
.. capacity = ————x 0.5 (hr) = 176 £ = 46.5 gal
hr

AOT isooctane mixing tank 3,960,000 % (1115 gal) 71&
Six-tenths factor rule 3§

46.5
3,960,000 x (——)*® = 590,000 W
1115

16) 1st settler

residence time2 2 4-& 7|02 39

352 ¢

|, = = 8448 { = 2232 gal

hr

22L& cost index A& (ref. 46),

428
$2,000 x ——— = 7948 $ & 6,600, 000 ¥
107.7

17} 2nd mixer feed pump

152 kg l 1 2 of purified enzyme l 0.81 £ of AOT
% =

hr l 1 kg l 0.86 £ of purified enzyme



= 143 £¢/hr = 0.63 gal/min

head= 10 m = 30 ft
22 cost index &H-8-(ref. 46),

428

$210 x ——————— =835 $ » 690,000 ¥
107.7

18) NaCl solution tank

day tank 71&

143
Qg =——— x24 hr = 3432 ¢ = 907 gal
hr

& cost index &-&(ref. 46),

428

$307 x — = 3,604 $ = 3,000,000 ¥
107.7

19) NaCl transfer pump

152 kg | 1 £ of purified enzyme | 0.81 £ of AOT
7% -

hr l 1 kg , 0.86 £ of purified enzyme

= 143 ¢/hr = 0.63 Gal/min

head= 10 m = 30 ft
& cost index Z-&(ref. 46),



428
$210 x ———— = 835 $ ~ 690,000 ¥

107.7

20) 2nd mixer

WHEA] ZE 307

143 ¢ 143 ¢ 286 ¢
flow in = + =
hr hr hr
286 ¢
capacity = ——x 0.5 = 143 { & 38 gal
hr

six-tenth factor rule #§-

a8
3,960,000 x ( ———— )% = 520,000 ¢
115

21) 2nd settler

residence time 2day 71&

143 ¢ ,
L& = ——— x 48 = 6864 { = 1814 gal
hr

e cost index & -&(ref, 46),

428
$1700 x —— = 6,756 $ = 5,610,000
107.7



22) recycle pump

286 152 134 2
£ F = - = = (.59 gal/min
hr hr hr

head : 10 m = 30 ft
cost of pump = 210 $

2 cost index Z8(ref. 46),

428
210 $ x —————— =835 $ = 690,000 W
107.7

23) concentrator feed pump

152 ¢
£ & = ———=0.67 gal/ min, head = 10 m = 30 ft
hr

cost of pump = 210 $
22 cost index A8-(ref. 46) = 690,000 W

24) ultrafiltration concentrator

152 ¢
———— x 24 hr= 3,648 liter = 963 gal
hr

cost = 130 $ (cartridge type)



428
130 $ x —— =516 $ = 430,000 ¥
107.7

25) vacuum pump(p 117 of ref 3)

evaporative capacity of tunnel dryer

0.3 Ib water/hr/ft?

152 ke | 1 Ib water | (hr - ft?)
= 1116 ft?
hr l 0.434 kg 0.3 Ib water
1116
cost @ 20,000 ( — %% =21,361
1000
& cost index Z-&(ref 46),
428
21,361 $ x ————— = 84,888 $ = 73,000,000 W
107.7



equipment cost {(ref. 46),

26) Estimation of fixed capital investment by percentage of delivered

Components Cost
purchased equipment {delivered), E 139,940,000
purchased equipment installation 39% E 54,580,000
Instrumentation(installed), 28 % E 39,180,000
Piping(installed), 31 % E 43,380,000
Eletrical (installed) 10 % E 13,940,000
Building(including service) 22% E 30,790,000
Yard improvementes 10 % E 13,990,000
Service facilities(installed) 55 % E 76,970,000
Land 20 % E 27,990,000
Total direct plant cost D 440,810,000
Engineering and supervision 32 % E 44,780,000
Construction expenses 34 % E 47,580,000
Total direct and indirect cost (D+D) 533,170,000
Contractor’s fee, 5 % (D+D) 26,650,000
Contingency, 10 % (D+D 53,320,000
Fixed~capital investment 613,150,000




3. ZA4h] 9] AL (Estimation of total production cost)

1) direct production lost

@ raw material cost/kg of enzyme

a) chinese cabbage

500 ¥
[ 19 3% Q1Y) 40,000 W 713 19 A3 80 kel
kg
71 kg of chinese cabbagel 500 W
= 233 W/kg
152 kg of enzyme i kg cabbage
b) NaCl

1 £ enzyme I 500¢ of 1 M NaCl 14 enzyme|0.8l £ of 1 M NaCl

+

kg enzyme |0.86 { enzyme kg enzyme 10.86 { enzyme
(for forward transfer) for backward transfer)

1.52 £ of 1M NaCl

= 7} H8
ke
NaCle] v]8&&
1.52 mole ‘ 58.4 g l 1 ke ! 18000 W
kg I 1 mole NaCl l 1000 ¢ l 1 kg .



1600 W
= —— for crude extract

ke

¢) Isooctane

1 ¢ enzyme l 1 ¢ of isooctane | 86,000 W 100,000 %

kg enzyme l 0.86 £ enzyme l 1 £ 1 2

isooctaned ¥YH F A AFE-sl 20% 8 =7 E4AHTH

20,000
W
ke
d) AOT
8.642 kg AOT \1 2 AOT Sotution(10 %) | 80,000 W 45,484 W
152 kg enzyme \ 0.1 kg AOT | 14 kg

total raw materials = 67,317 ¥ / kg

@ Operating labor

operator 291 71&



hr 110000%* l2‘?l 132 W

@ Supervisory and clerical labor

Operating cost2] 20 %

26
—_— W
ke

@ Utilities

power

refrgeration unit 10 Kw

Pumps 0.05 hp x 9 unit = 045 hp = 0.34 Kw
total 10.34 x 1.25 (contingency factor) = 13 Kw

13 Kw-hr ! 80 W 7 W
152 Kg I kg
water
1 £ enzyme l 1.56 £ of isooctane
kg enzyme l 0.8 £ enzyme



1.8¢ enzymel 1 m3 I 300 0.54 W

kg enzyme | 1000 ¢ ‘ m3 kg

® Maintenance and repairs

10 % of FCI

61,315,000 ¥ ' 1 ton 61 W
1000 ton | 1000 kg kg
® Lab charge
26 W

20 X of operating labor =
kg

@ Total direct production cost

67,570 W

kg

2) Fixed charges

@ depreciation 10% FCI
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61,315,000 9 { 1 ton 61

1000 ton l 1000 kg kg

® Tax 5 % FCI

30,657,500 | 1 ton 31 g

1000 ton i 1000 kg kg

@ Insurance 1 % FCI

6 4
kg
98
@ Total Fixed Charge =
kg

3) Plant overhead costs

Overhead costs = 50 % operating lavor + supervision + maintenance

(132 + 26 + 61) 110 o
= X 05 =
kg kg




4) Total manufacturing costs (A+B+C)

67,570 + 98 + 110 67,778 4

kg kg

4. 3AA HE ( ROl Rate of return on investment )

1} Annual profit

Sigma peroxidase type VI 7}3-& #8439

net sale2

1000 ton 1000 kg | 11 40 mg 176 $ 830 g
enzyme solution

year l 1 ton ' 1 kg I 0.86 literl 100 mg l 1$

= 67,944, 186,000
production cost

65,7784 I 1000kg I 1000 ton
= 6,777,800,000 ¥

kg |1ton l year

net profit = 67,944,186,000 - 67,778,000,000 = 166,186,000 ¥



2) Return on investment

166, 186, 000
x 100 = 27 %
613, 150, 000

3) Economic feasibility
ROI 7} 27 %2 A 23 ojx-&9] 2ul] olez F23| 483 7147 U

oo #gsHy B4 Bl 454 F9 7HA el ok A wst
o] A& Ao = JFdr)
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Al SRl ZdistA ey HEE 827 o] g HleEiAe wiF ¥
A5 7hgdtq nR7t vk A8, & S 849 POXE 3L 5 Us
WS AAS 8 o] F Scale-updte] 4A bE FF e AR JHE IHL
2 A7) st G4 S AT dF A Z2Ad 218 Yo
Bl o]F AR AfE A JHE 38 AYE A £ A 4A, 3FLHLEE
A v g FA3AT. ofgy AMdE AA &% LS Y3 S84 S HE
don Aoz Aste 453 2.

1. &40 g AAS 9935t AA2), DEAE-Cellulose batch2}, $4% A
g T 7124 AE FE oy dFAd s vas IR AU

2. B Ao} dgo 2 AOT reverse micelle system2 o]&3% gk AA =
A HAEL ZAESYeH ¢ &8 systemo 2 HAo] At

3. &, ulF =2 2 POXE AA37l AF HAH AOT reverse micelle
system & o33 2tk FRAF FREHo UE POXE #7183 22 Hd A
o2 AHoAF] 7} Y43td 110 mM AOTE 73 isooctane 1 volumeol] tdta] 30
mM Tris-HCI (pH 80), 50 mM NaCl2 $-/¢ crude extractg 1 volume 7}3}4
Aet3ste] forward transferS @t}l.  Forward transferdl]l 23 ol g2
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AR-2]3ld AOT reverse micelleo] 7€ isooctanedE ¥@F backward
transferg ¥vh.  Backward transferss 80 mM Tris-HCl(pH 7.0), 1 M KCI&
49 %< isooctaneF 3} & H1/1, v/v) 7483 forward transfers} ol37lA 2
agrst AL E 3o olFo v YHREYUF F£FO2 wansferd HLAE ¥
g2 24 AOT reverse micelle ©l-8¢ 12 AAZE Edth. o HAAL F3o
HIEA T 2080 F718tde9 60% o 2 82 FA7E /M

4. AOT reverse micelle system@ 2 HE d& RE AHA &4-d4L 10 mM
Tris-HCI(pH 80)el W3l &% FA¥ F DEAE-Toyopearl- column
chromatography & ©l-% AAE A3Y 20 chromatography s 3t H|EAHdE &=
93w] FrlstRen 0% &2 1% AA Jbedtgdt. AOT reverse micelle
system3¥ DEAE-Toyopearl column chromatographyS o©]-§% ¥ 3348 o]g&s3shd
Wl 3 Begle] g2 FE IE FA G229 PATA 2043 ol B Alzle) B
3 4 Qo] AAHA A Aol HEo f¥ Aoz wuHn ot

5. POX9 A o848 AE3NZ] gt 2ALAE o] 8t AALH o4,
qda4d BEFo ALY, HesAd ded 843 A Tl A&

6. A4 AL 53 AR dA Fo AYE BFHo2 POXE gAd o} &3
2tk Guaiacol, cathechol, pyrogallols AMS-& 71d9 FHol welr Jehlle 4
Zto] zbz}t gskon Mol FHd uaMx & A2 Yehun. delhd Aae
Z o] AR Ze =78 FE FUAY 22F A4S Yehyo] d8Hez &
£E F A BAFUY

7. 8744 BA 543 4L AP 4902 W e 7)Y POXE AL
28 739 7122 A phenol £ guaiacol 3 aminoantipyrine® AH&-¥ o 714 &
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ox

ol ¥& Edo| FAHAUTG. wWhgol JYPo wet AA=HE FPEFY FAA
kg BA7] A8k WhE AIBER Zpzhe] Ao diE Ie4e] wEkE 433
o 3 A Bg Adel HAR Fo A wel 2549 Aoy AN s
Bk Algto] 1¥-lA 60 AtelolA &34 Bdo 4ol W& vehlth

2

B &

8 i3 pyUF HFVE olLdd HAE FEIANUE FF AA POXEYF
pulpdlx. F3F ol Aor olF o] 8T WRteZ air lift reactors M8 #
=4 5329 24-dichlorophenol(DCP)9] A Ao} -8}, Air lift reactordl
pulp 30g& 7} 1,200 mie] ¥h-8-4-8 37T, pH 809 ¥H3 2o {A39 3412
weAZ T 35% Hx0:2 141 ¢ 0.034 mM/min® peristaltic pumpE o]-8-3}4
d4 Fsign. 1 A ¥k 2719} 110 ppme] DCP7 POXE ol 47 3A17he)
Y% 6 ppmo 2 Zasigch  Whgol AAER 158 Ad F 80%7HFe] DCPrt
I AEAT 1A AFER 544 ¥hgol 23HE ¢ & Atk B 47 A 1d
A A7 Axel sl Bw uiF o 84 53 AL pulpd RE3E POX
= phenol R DCPs} & <«d2] 71X phenold sHE2] AAe] FE3] o8-8 ug
ZEA7E AokeE AL el B Yy o8 B o8 FFE3 AxEH] &%
oy J1E 49 7o) v 448l & ZEEol Hol stovd E dFeMe ¥
A7A AFE uF AaRgE go] AFF AEE AMSIERA AEs
Aol Hol glgdx & & Urh

2,

9. E AA POX ol&4 HES S8t Alge] A B A7 ZAG
EAE o]83} cholesterol Aol H &3k 2 A, cholesterol®] ¥%7F £7}
ol uiel Ajgel POXS F3E9 27 =0t gol vl Bre] v]de] a4V 4
EAE Ao zME 83 AHE 4 ASE B FAW. olgwe ¥x2 3
344 Ex phenold] FF e o84S FEF Fik oi7HAE & A4S
22218 peRe 3
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10. B A7 oA AAE AOT reverse micelle2 ©]-&§ POXe iz A4S 9
T HAst AAQE FAHe=2 3 AA JhE I R Ha YN 379 4L
A% IR AAZA.

11, 2 A7cA AAY Bhe) 44 2HE EUL scale up® 5§ 2% 4
YA 2aslE Ade) TR} FAL AEsd 27 A B2 sz AvE 7E
stk

12. 3% HA¥A 28HE Ald9 1R Fdez FH o 3L T A
AHE 529 AAAYS By 23 ROI 7t 27 %24 28 ola-g9 24 ol
38 483 7HAr dvn ddsEY 4 #erl d8v] 59 714 e o
At}lgel W3t Fol & Aoz AFHAU
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