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Surmary

Developrent of a biclogical plant fiber processing system utilizing
several microorganisnrs and  their hydrolases have been tried for the
purpocse of saving labors and attaining high quyality fibers from hemp
ramies and chinese jute.

Lacal lines of herp and ramie were collected and investigated for the
characters such as stem length, stem thickness, fiber length and fiber
yield. For the 19 lines of hemp, days to flowers, sex ratio and fiber yield
in relation to sowing date were checked and several processing lines were
selected on the basis of fresh and dry crude fiber yields and the suckers
were planted outdoor as well as under tunnel to secure the establishmrent.
In order to acquire the microorganism strains that have excellent property
to refine the plant fiber, 2600 samples of bacteria and fungi were
collected throughout the contry. A preliminary screening based on their
ability to degrade pectin or gum result in 1.3 x 106 selected colonies fram
which 1,250 colonies were selected. Cut of these 65 strains. 12 strains
that result in high yield of good quality fibers from hemp and ramies.
Practical application of these strains for processing hemp and ravie fibers
has been confirmed. The effective enzymes selected by those microorganismrs
were purified and their monoclonal antibodies were constrcuted.

A farm house model for biclogical plant fiber processing system has been
designed and a farmers field trial on chinese jute cultivation was carried

out.

1. Clarification of Cultural characteristcs of fiber crops such as hemp,
ramie and jute.
Survey of the area growing herp and ramie iIn Kangwon, Kyoungbuk and
Chonnam praovinces.



—Callection of local linesof each fiber crops and their characterization
mainly on fiber yield

-Test of the response to microocrganisres treated for fiber isolation by
growing season and harvest tire

. Screening and identification of excellent microbial strain for fiber
isolation

-A total of 1,300,000 micrabial collection have been screened for the
purpcse -

-A few selected strain were proved to be far superior to ATCC strain
from corparative characterization. Cormercial application of the selected
micrabial strain was confirmed from bicasseys with fiber crops.

. The selected strains were enzyratically characterized and the enzyres se
lectively digest cortical tissues were purified. pectinase and cutinase

were purified and amino acid sequence of their enzyres were elucidated

. Simplication of the biclogical plant fiber processing system and proof
its practical use. The possibility of fiber isolation without corplex
facilities was confirmed.

The strutures for growing fiber crops and collecting microorganisrs were
set up on the spots and operated in collaboration with farmers.

. Fram the biclogical fibers,after isclating fibers the by products such
as the inner sters and waste could be usec as fillers and fertilizer,
respectively, since any chemical compound was not added during the
process.

The microbial collection for their nature easily nmutated and often
consist aof strains that secrete enzyres digesting cellulose. The
pectinase and cutinase from the cellulase-producing strains were purified
to acquire the genes for their enzymes.



The genes for pectinase and cutinase which are necessary for fiber
isclation were 1isclated from the selected wmicrobial strains and
transfoarmed to Escherichia Coli. Therefore the Transformed E.coli as
well as the selected wild strain can be used simultanecusly for
cormmercial fiber processing.

It has been confirmed that the newly developed biclogical processing
system can save labars and give high yield or good quality fibers so that
it can be applicable to the processing of plant fibers such as hemp.
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< 1.>

22

Region of collected Stem Yield '(‘ﬁlnd rg?i(o(ﬂ/c)

Rig. Vir.  |Length [piam. | K&/M2jcult.| o | |
Chungsun 1 265 1.88 | 3.8 u 58 | 42 ++++ 8. 2.
Chungsun 11 287 1.9 | 3.5 U 65 | 35 +++ 8. 3.
Chungsun 111 291 2,1 | 3.7 u 56 | 44 ++++ 8. 4.
Chungsun 1V 274 1.85| 4.1 u 61 | 39 ++++ 8. 4.
Chungsun V 267 1.96 | 3.9 U 66 | A +++ 8. 3
Samchuk 1 245 1.75)| 2.8 u 67 | 33 ++++ 8. 3.
Samchuk 1 267 1.64| 3.6 U 58 | 42 | +++ 8. 4.
Samchuk 1 278 1.88| 3.2 u 55 | 45 +++ 8. 2.
Samchuk 1 256 2.1 | 3.1 u 49 | 51 ++++ 8.5
Samchuk 1 253 1. 3.3 u 5 | 44 +++ 8. 3
Andong 1 288 1.6 | 3.6 L 57 | 43 ++ 8.7
Andong 11 302 1.9 | 3.1 L 55 | 45 +++ 8. 6
Andong 111 289 1.95| 3.7 u 50 | 50 ++++ 6.5
Andong 1V 312 1.87| 3.4 L 63 | 47 ++++ 8.5
Andong V 316 2.0 | 4.1 L 5 | 44 ++++ 8. 4
Whasoon 304 2.7 | 4.1 u 48 | 52 +++ 8.7
Bosung 1 298 2.5 | 3.5 u 52 | 48 +++ 8. 6
Bosung 11 299 2.6 | 3.3 u 53 | 47 +++ 8.5
Bosung 111 305 2.55| 3.8 u 49 | 51 +++ 8. 6
Koheung 1 320 2.8 | 3.6 u 61 | 39 +++ 8.1
Koheung Il | 305 2.2 | 3.7 U 64 | 36 +++ 8. 9.

3 10
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Rigion of Collet Stem Stem | Pectinase effect | cutinase*
length | colour | 1st Harvest 2nd Harvest | 1st Harvest
1 C )] 141 DG ++++ +++ 78
2 «C ) 143| DG +++ o+ 82
3 C )] 148 LG +++ T+ 78
4 C ) 171, G ++ —+ 72
5 ( ) 165 G +++ + 78
6 C D 140 G +H+ - 86
7 C )] 147 G ++++ it 72
8 ( ) 143 G ++++ et 68
9 ( ) 153 G ++++ . 72
10 C )] 170 GL ++++ 78
11 C )] 153 G ++++ LA 72
12 C ) 165 G T SR 68
13 C ) 157| G T M 78
14 C )] 143 G ++++ tt 68
15 « ) 138 G HHH AR 68
16 « ) 142 LG e+ Tt 82
17 C )] 157 LG ++++ +++ 68
18 C )] 149 LG ++++ +++ 72
19 ( ) 165 DG +++ +++ 78
20 ( ) 153 DG +++ +++ 78
21 C )] 147 bG +++ +++ 86
22 «C ) 155| DG +++ . 82
23 C ) 134| DG +++ it 78
24 ( ) 156 G +++ -t 68
25 ( ) 137 G +++ t 72
26 «C ) 140, G +++ s 81
27 C D 139 G +++ s 72
+++

. ++++ ] M

* - cutinase recambinant E coli

** cuticle
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< 3>
C )  (ka/g) | (cm) (mm) 0 |(kg/10a)
1.5 278 10.5 5.8 165 92
279 11.0 6.1 178 99
281 8.5 6.3 179 | 100
279 10.3 0 174 100 ]
3.0 271 10.2 5.8 168 98
3. 10 268 10.5 5.6 171 100
| 265 3.6 54 167 | el
268 10.1 | 5.6 169 | 100 —
4.5 251 8.8 51 165 96
234 g4 5.6 171 100
| 228 10.2 4.9 169 | 99
238 8.8 5.2 168 100 o
1.5 311 10.8 6.4 178 98
308 11.2 5.8 181 100
289 12.2 6.2 172 | 95
303 1.4 | 6.1 177 | 100 —
3.0 271 10.1 51 168 98
3.20 288 10.5 6.2 172 100
272 9.9 5.3 167 | 97
277 102 | 55 169 100 ]
4.5 271 8.8 4.9 164 99
254 8.9 4.8 161 97
261 10.0 54 166 | 100
262 3,6 5.0 164 100 o
1.5 258 10.1 51 161 100
261 10.5 4.9 158 98
| 244 9.4 4.8 149 | el
254 100 | 4.9 156 | 100 —
3.0 254 8.6 4.2 151 100
227 S.4 4.5 138 | 91
240 95 | 4.3 143 100 —
4.5 225 8.2 4.4 129 100
210 8.9 4.2 120 93
207 g.1 4.0 109 | 85
214 g.1 4.2 119 100

25
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< 4>
C ) | (ka/®) (e | () | ) |(kg/102)
6.25 288 10.9 5.0 165 95
290 10.0 5.6 173 100
289 9.6 5.3 172 | 99
289 10.1 -3 170 | 100
7.5 201 10.2 5.6 170 99
3. 10 298 10.5 5.4 171 100
295 10.6 5.8 167__| 96
295 10.4 5.6 169 | 100
7.15 301 10.8 5.8 165 92
294 10.4 5.7 178 99
288 10.2 5.9 179 | 100
294 10.6 5.8 174 100
6.25 276 10.6 6.0 164 96
278 11.0 6.0 171 100
289 10.2 6.3 165 | 96
279 10.6 6.1 165 | 100
7.5 271 10.1 6.1 172 100
3.20 288 10.5 6.2 168 98
272 10.9 6.3 167__| 97
277 10.5 6.2 169 | 100
7.15 271 10.8 5.9 170 98
284 10.9 6.8 172 99
2901 10.0 6.4 174 | 100
282 10,6 6.4 172 100
6.25 248 10.1 4.7 161 96
271 10.5 5.1 158 95
264 9.4 5.2 167__| 100
261 10.0 5.0 162 | 100
7.5 251 9.4 4.5 163 97
3.30 242 9.6 4.1 161 96
221 9.2 4.2 168__| 100
238 9.4 4.3 164 | 100
7.15 225 9.0 4.0 169 100
210 8.8 4.6 160 95
207 10.1 4.0 160__| 95
214 9.3 4.2 163 100

27
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1.
pectin  gum
2.
ATCC  KTCC
@ 3
€) 5
©)
4C 59
0.85% saline 50ml 1
48 30C
pectin tooth pick plate 100
ATCC  KTCC
cellucse
celluase . cell
uase pectinase
Nutrient agar plate
agar 2% glass rod spreading beaf ex-

tract 3g, peptone 5g

30



Nutrient pectin media
pectin 0.5%-2%

M9/ pectin media

Minimal salt M/9 pectin 0.5% pH

CVP media (crystal viclet bulmer pectate media)

Erwinia sp
gram-negative, gram-positive No-
vobicin crystal violet
Pectin media
polygalacturonase plate 0.5cm hole
30C 48 ruthenium red
clear zone
PDA media (potato-dextrose agar)
fungi
Citrate / pectin media
Simon  citrate media (Difco)  1%pectin
blue color indicator
plate bromthymol blue 0.08% a-
Ikali blue crystal violet, ruthenium red
@.-
200 g/100 (0.9% saline + Freund caomplete adjuvant,
FCA) 8 Balb/c 10 2,-3 3 50ug
8 RIA ELISA
).

31
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. Balb/c (1.5 * 10 8) myeloma a.5*107)
50% polyethylene glycol(Gibco, MW 4000, 37 oC) 1ml T hybr-
idoma 10% FCS-RPMI 1640 2 PEG
3.
hybridoma cell 20%FCS-RPMI  1640-HAT
96 well plate 1*10 5/well/myeloma .2 HAT
HT10% FCS RPM11640

.2 hybridoma well plate 1/3 2
dnell plate 2 6
well 25cm2 flask
MEM- Na- gentamycin, peni

cillin, streptomycin

(4) . Hybridoma

antibody) capture antibody (cAp)

o). (Ascitic fluid)

pristane 1 Balb/c mouse
1

chromatography

(6). Double immunodiffusion

antimouse IgG, IgA, |

IgG(anti mouse IgG
antimouse IgG-alkiline phosphatase

hybridoma 0.5
1*107
protin A-Sepharose 4B column
-70aC

1gG1l, 19G2, 1gG2a, 19G2b, 19G3

Cuchterlony class subclass
. -alkiline phosphatase(AP)
COCH carbodiimide .
(10umol)  0.2mI(1:1, DMF : H20) 1-ethy1-3-(3-dimethylaminopropyl)
carbodiimide. HCI(EDC, 15umcl) pH6-4 1 25aC
. O.1mlalkaline phosphatase(lmg protein) 90
1oC 5 (TBS; 50mM tris, 1mM MgClI2, pH 7.5)
3 30% glycerol -30C

32



(8)- hybridama

cryogenic

10% DMSOC
med ioum
3.
1)
5>
1, 2
I. , 125 87
. 83 28
1. ’ 328 125
536 240
cutin
1 pectin
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Enzyme activity

35

No- | pescrip. 122%%:% Callour Gr(s]gggd " PeA | EPG | PL(dia,)
1 | 2-001 |+ w + 17
2 | 31671 |+ y + 17 |
3 | 24-007 [ttt w + 20
4 | 25-125 |t w +t 20 18
5 | 28-883 [ttt w +t 18 16
6 | He3 -+ y + 20 |
7 | He4 ot y + 20 |
8 | G65 ot y + 20 |
9 | 1120 @t l + 16 |
10| X1-249 |+ y + 11
11| 11-250 |+ y + 14
12 11-267 [t y ++ 16
13| 294 ++ w + 15 |
14| 373-23 |+ W 2] 10 |
15| 422-123 |[t+t+ w +++ 20 16
16 | 423-287 [+ w + 20 16
17| e2-11 |+t w + 18 |
18 BS ++ \Y +++ 18
19| B21 ++ y ++ 19 |
20| B130 ++ l ++ 23
21| ce4 - l + 16 |

© 4+t 8% , +HOSY% , ++++ 100%
+ ,  ++ , +Ht
Tw, , Y, .
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No.- Requir. Optimal
Descrip. Type vari, of -
Nutrient pH Temp. Vedia
1 2-001 b(bacte.)| Baccilus |P(pectin)| 7.2 25 m(min.)
2 3-1671 b P 7 25 m
3 24-007 b Baccilus |- 6.5 25 |b(oroth)
4 25-125 y(yeast) | Pseuidao. p 4.5 30 pda
5 28-883 b p 5 35 m
6 HE3 b b 6.5 30 mp
7 | He4 b p 75 | 25 m
8 G65 b Baccilus p 5 25 b
9 1-129 b 8.5 30 b
10| XI1-249 b 7 30 b
11| 11-250 b 9 25 m
12| 11-267 b 6 30 m
13| 294 b Baccilus 6.5 25 m
14| 373-23 b p 7 25 m
15| 422-123 b Pseuido 6 25 m
16 | 423-287 b 4 30 m
17| 622-11 b 7 25 b
18| B8 T (fungi)| Aaspergi. p 5.5 25 pda
19| B21 T 6.2 30 pda
20 | B130 f 5 30 pda
21| Ce4 f 8 25 pda
marker




(umol/mg/min)
] ] Pectinase |
No. Descrip. |cellulase [Proteinase| Cutinase lyase | esterase
1| 2-001 n n 17.5 3.2
2| 3-1671 n n 7.8 12.4
- 3| 24-007 n n 6.5 7.8
4| 25-125 n n 23.8 24.9 1.2
5 | 28-883 0.085 n 22.3 0.6
. 6 | He3 n 0.023 15.7 8.7 8.7
7 | He4 n 0.10 9.8 0.2
8 G65 n n 8.8 12.4
9 | 1-129 n n 7.5 15.6
10| XI1-249 n n 6.5 7.8
11| 11-250 0,04 n 5.5 11.2
12| 11-267 n n 9.8 24.5
- 13| 294 n n 12.5 19.2
14| 373-23 n n 21.3 22.7
15| 422-123 n n 6.6 13.2
- 16| 423-287 n 0.05 7.2 34.7
17 | e22-11 n n 4.8 5.9 2.5
- 18| B8 n n 17.5 | 13.5 2.3
19 | B21 n n 23.4 | 21.1 1.7
. 20| B130 0,06 n 356.5 2.9 6.3
21| ce4 n n 18.5 3.1 7.2
cutinase pectinase

37
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No Descrip.-
1 2-001 ++++ i St
2 3-1671 +++ +++ +++
3 24-007 ++++ ++++ +++
4 25-125 ++++ ++ ++++ ++++
5 28-883 +++ ++++ +++
6 HE3 +++ +++ +H++
7 HE64 ++++ ++ ++ +++
8 G65 +++ +H++ +++
9 1-129 +++ +++ +H++
10| X1-249 +H+ 4t o+
11 11-250 ++ +++ ++++ +++
- 12] 11-267 ++++ +++ ++
- 13| 294 +++ +++ +++
14| 373-23 +++ ++++ ++
15| 422-123 ++++ b+ +++
- 16| 423-287 o+ 4+ H+
17| 622-11 +++ ++++ ++++ ++++
18| BS +++ ++ 4+
19| B21 ++++ +++ ++ +++
20 B130 ++ 4+ ++
- 21| ce4 ++++ +++ +++
3
5

38







4) Cutin

cuticle

pectin

utinase
cutinase
nitrophenylbuthylate
enylcaprorate estrase polycaprorate(PCL)
clear zone cutin
clear zone
< 11> Cutinase
- Descrip. “_Aigg"”@a” Substrate of Cutinase
NFB NPC PCL
1 Cu- A - 18 Bacteria 1.2 1.23 0.89 | +++
2 Cu- C - 711 Bacteria 1.75 2.11 1.21 | +++
3 Cu- C - 628 Bacteria 2.34 3.21 1.34 | ++++
4 Cu- C - 912 Bacteria 1.56 2.12 1.53 | ++++
5 Cu-B -6 Fungus 2.12 1.78 0.79 | +++
6 Cu- B - 713 Bacteria 2.18 2.54 1.73 | +++
7 Cu- D - 15 Bacteria 1.67 2.0 1.34 | +++
8 Cu- H - 234 Fungus 2.22 2.45 1.59 | ++++
9 Cu- H - 312 Bacteria 1.88 1.65 0.42 | +++
10 Cu-1-25 Fungus 1.51 1.22 0.86 | +++

nitroph

NPB;nitrophenylbuthyrate, NPC;nitrophenylcaprorate, PCL;polycaprorate

40



5)

AA - amino acid ,

41

21 cutinase 10
basic | adding | No. basic | adding |

No. medium |campound medium |campound
1 | 2-001 b AA 17 | 622-11
2 | 3-1671 b HE 18 | B8 T
3 | 24007 | sugar | 19 | B21 f sugar
4 | 515 |y AA 20 | B130 f
. 5 | 28-883 b AA 21 | ce4 f

6 | He3 b

7 H64 b sugar 1 | Cu-A-18 b AA

8 | G65 b 2 | Cu-C-711 | b
9 | 1-129 b AA 3 | Cu-C-628 | b HR
10 | X1-249 b HR 4 | CuC-912 | b AA

11 | 11-250 b 5 | Cu-B-6 T
2] n-267 sugar | 6 | Cu-B-713 | b
13| 294 b HR 7 | CubD-15 | b sugar
14| 373-23 | p AA 8 | cu-H-234 |
15| 422-123 | 9 | Cu-H-312 | b HR
. 16| 423-287 | 10| Cu-1-25 | f

b; bacteria, f;gungus , HE ; hemp extracts
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F IgG secretion IgG secretion
[ (@R 2F5%) 457 112
I (AERYFF5%F) 376 78 SR B
I (FAE8HF755) 543 123 L
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V FERNEL 2F) AV 165

Sy A2 A o HFAY I A
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(2¥Y3) Purification of IgG by protein A-Sephaose 4B chromatography and
immunopure buffer system.



<28 4> A 9 immunodiffusioncl] g Al SolA HA
(M:3g , 1 ~ 6 FLAEYA )

7) MB SRR A XY
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4B AAaen 98 £ T B ER o] FojA Uth. 2 o] &AL AH
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A ol B AT Fae wgo] AARFI It wetA 2-33] AHE-SHE §4-g wA) | of
Ft. APAGAE FHSFE S AlFoy, FEE_ FEE(pH 5.5 o|4) o|E A&
23 A7 gt

HERA A HEn G grg-gd e 313HE Wyo] olr] o] FetrES HY
gt} matd AFFHE A LS Jde 290 gtk 28y CODS BOD7 &4 i
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Td 97 107 112 105
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HI

Sy 4 T MEZY JEAT
H1E MM
1. ATEZ WY

SANEHE 7129 e =57 2A/FRANN AgHE AaTEY 29
JAS EAEE AT UEAL olnl AU AMolth HAM BATANY HAAE
A3l oH FAzAL

. 2A4ES PHAR — FAS A5 ST

g Aad do] 3L — ¥sHA o 8ETE AZIVE

. 2% edqsl Al glojord — HETH @ 2@ AF.
a3 Bl wekA A 9@ 1 EE sed i AAEE Yoy oF
g Ee EAUES Hoh 23e9ds A, B4 ¥AY5 BAE pIALF 9
A dEel AR Aol A B FEAA olgol §oldn FHYLZ o of
AsAol Ee wHozE AETHAA WHol b A4l YL WHolFT TF Yk
on AEEA 4T AR FEIAF $0Y FLAE /AT 23 weh fusd
26 A9 a7t H5d del ZAHelol gk & ATFINE ABTHIA P
2 Yot g /1Yol E FAYOIE ASHES 71 ALaA Ao

2. A7 8

CwAlL Aol AR olg5E BE AMEY 024 Unx 9 5 £3 27
3 £B5( 2% )E AR obRT. gebd Rz TR ANz Aol E o
Aste BRe #2 AU gumoz YA Y. weH o|EEAL duHoz AAfE
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50% ammounium sulfate 0.2M phosphate buffer
FPLC

lon exchange chromatography
column - Mono Q, Pharmacia ( 5mm x 50mm)
buffer : Tris 20nM, pH 6.5
gradient : 0 - 0.4M KCL
flow rate = 1ml/min

pressure : 200 psi
Reverse phase chromatography
column : phenyl - 5PW (75mm x 80mm )
buffer : Tris 20mM , pH 6.5
gradient - 1 - O M ammonium sulfate
flow rate : 1ml / min
pressure : 200psi
(€)) RNA
40ml prtoplasting buffer 40ml
lysozyme (100mg/ml) 160 15
protoplast lysis buffer 2ml 60 DEPC
37 5 NaCl 250
10 2
-20 RNA Iml  TE buffer C
sCI cushion RNA RT-PCR

Protoplasting buffer: 15mM Tris-HCI, pH 8.0
0.45M Sucrose
8mM EDTA
Lysis buffer : 30mM Tris-HCI, pH 7.4
100mM NaCl
5mM EDTA
1% SDS
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(2) RT-PCR

CDNA  Perkin Elmer RT-PCR kit .Ast-strand DNA  Master mix
random primer 2.5u0 M 1 total RNA 30 20 p
rimer extention 42 30 DNA 95 1
0 denature 5
2nd strand DNA upstream  downstream primer 0-15uM
Master mix denature 95 1 , annealing 65 2
, extention 75 5 35 cycle 1% agarose gel

cDNA cloning

A chromosaomal DNA
brain heart infusion cutin 40ml 2
X CTAB buffer  20ml 55 10 chloraoform/isoamyla
lcohol(24:1) 2 0.1 10% CTAB PPT buffer
DNA
pellet 5ml STE 2.5 -20 .
DNA Iml  TE buffer RNA Sau 3A1

genomic DNA cloning

Protoplasting buffer: 15mM Tris-HCI, pH 8.0
0.45M Sucrose

8mM EDTA
Lysis buffer : 30mM Tris-HCI, pH 7.4
100mM NaCl
5mM EDTA
1% SDS
(4) Genomic DNA cloning
5 Chromosomal DNA  Sau3Al partial 1-3Kb
-plasmid vector pUC19 BamHl CIP DNA lig
ation DH5a 0.025%  polycarprolactone ampicilline
(50mg/L) LB . colony clear zone
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(5)Campetant cell

E.coli strain DH5a single cclony 3ml LB 1 50m
1B 1ml OD600=0.5 .

CM1 buffer(10mM Na- CAc,pH8.0, 50mM MnCI2, 5mM Na
cD 20 CM2 buffer(10mM Na- OAc,p
H5.6, 5mM MnClI2, 70mM CaCl2, 5% glyceral) 100 ligation
mixture 1 40 42 2 heat shock

0-9ml 1 PCL  ampicilline
(1)Pectinase

- nitro phenyl galacturonic acid
- pectinase (polygalcturonase)
Collmer  Somogyi-Nelson

copper reagent ;
12g sodium potassium tartrate, 24g anhydrous sodium carbonate
in 250m0 D.W.
4g cupric sulfate pentahydrate in 100ml D.W.
16g sodium anhyudrogen carbonate, 180g sodium sulfate
anhydrous in 500ml D.W. total add to 11.

arsenomolybdate reagent:
25% ammonium molybdate in 450ml D.W.
96% sulfuric acid 21ml
3g disodium hydrogenarsenate heptahydrate

subsrtate solution :
20ml 0.6M sodium chloride
75mM sodium acetate. pH 5.3
7.5mM EDTA
0.3% polygalacturonic acid

pectin nutrient broth 30C
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Iml  eppendorft tube

ml  tube C.5ml
copper reagent 0.5ml 10
senomclubdate reagent 30

(@ cellulase

pectinase
paper

(3) cutinase

120Q0rpm 5 0.5
30C 1

100C Iml ar-
500nm
galacturonic acid
CMC filter

cutinase artificial substrate PNB(p -nitrophenylbutyrate)
PNPC( p -nitrophenylcaproate) . 5mM sub-
strate 10 , 50mM Na- phosphate buffer(pH8.0) 70 , 20 ep-
endorf tube 30 1 405
(4)PCL cutinase
polycaprolactone 0.5 2ml  acetone 3ml

100 50mM sodium phosphate buffer(pH8.0) 400 500

30 1 600
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membrane filter blot
N-terminal 15 DNA
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1,2 (pectinase) 2600
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RT-PCRE 918 A79%

Total RNA

DNA
(28 9 ) RT-PCRE $33}7]19 8t &3 RNA(Y)
# A" cDNA
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