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1) & HiAZ9 Za — Cellulase, xylanase =H| DM SH A S 74
2) L O &9 LA — Phytase =H| AIMEX A Q 7fet

3) 2Uf 24 BY9 A4 - okt 7Y, MY ZHUME S0
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o] T & AFHdAE DT} 2)E o8 HEH AR Ao o

ol
tlo

Al dth

72 1. Cellulaselt &M= INX& Lactobacillus sp. o0l
e 2 DIMEXMEMC OlSM 25 AR(WIINH 22
IHAID

2 979 B4 ggd Afd B8 vAEEEZFEH 29 cellulase %{i}% 232
gt 159 EATA EAS HEEH SAld AN /WE Fi A fod
U &) Lactobacillus sp. dFo] & cellulase FAZNE FAXMIA O ZHN cellulase
Ze NEE AZRF Lactobacillus sp. 75 /| #staz} o). T3 o] 0|

=

KeX
a2
AEEZRE celluase FAx1) BHYYTN 1284 EQS FHste] HFHow ol
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VEFE IRl 2T M2 OFMEAAIC) THE

2H FEAAT 2 ATAZAY LA 753 okee HRag Eashe A2e A
FAE AFFOEH FIHOE BE AR E2H 5L F

et 254 AEG A0 ARG 73§37 FSWINES N 9
ARPAAA PEe BAsnd B ATE A

2. 782 AFLY

olo

1) Celluase FAAe] 3 2 | 9 Fdasol AFAY & cellulase 1

gt 279 EY 9 undE2RE HdHaE 38702 2t cellulase
AARZ  Clostrdium thermocellum celA(pCT104), Fibrobacter succinogenes S85 mixed
glucanase(pJI 10), Fibrobacter succinogenes S85 CMC-xylanase(pCMC1), Clostridium josui
celB (pJ2), Actinomyces KNG 40 Endo II(pCX1) % 5719 #FAAE #FH3HoH o]E
TAZAA FHF FEQ cellulaseZFE o SHE Ea) Zhd dF ARYE 2A
3t tiTable 1). = A3} ES|WEQ Clostridium thermocellumol Al a8k cel A<
endoglucanase’} TH¥ld Ra] 84l pancreatin, trypsin, elastase°1] a3l A z+2k 120, 110,
602 ol Ed WHEIIE FA st Aol P 4 ALE AWHo & 49
g AR o] &stgiTh

Table 1. Resistance of cellulases to proteolytic inactivation

Half life of enzyme incubated with proteinase(min)
Enzymes

Pancreatin Trypsin Elastase
Endoglucanase A > 120 > 110 > 60
Endoglucanase Il 30 20 15
Endoglucanase B 60 60 60
Mixed-glucanase 10 8 ' 8
CMC-xylanase 5 6 5
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2) Lactobacillus sp. F=9] 43 GF EA zA}
7h=9) 4 felst e A5t AP AFAZ g 0] & 5= BAFE)

LA LIS

Lactobacillus  plantarum, Lactobacillus bulgaricus, Lactobacillys gasseri, Lactobacillus
Johnsonii AFE FAFZZ o] &3ttt o5 4FFEe BT AFAZA r30jo} 3

TR 7IEA AT Yol 95e paa B A

L5

in,

3) A=3 cellulase 3 WElol 23 Lactobacillus sp. ¥F29 FAA3

271X 9 A z3 YU HE 2 T5 8 thFig. D). %4 Clostridium thermocelluym endo-
glucanase - AzHcel A) = A4 promoterE  B8-8  3.2kb HindIll  fragmentZ
Lacrobacillus WHHE QA pNZI123o) Abste] 25 wa WE pSDIS FE3ga, te

o cel A AR A 2E) promoter #3237 signal sequenceZ AAs L PCRE Z2Z3)

© 71 il

L.4kb Sal I fragmentS 2 Lacrobacillus THHEIQ) pNZ3004o] AH9) 5] Az &g
WE pSD2E FEEHR o] Zze] wymys FAHS] o] &3fgint.

ol Az Lyuy pSDI, pSD2E Yol oA s 47} 9] Lactobacillus sp. T
electroporator 2 FAAFA A 3 FEARAE Q=0 YEagn Congo red gA4¥g o
£-3ho] cellulase activi tyE A chFig. 2, 3).

Sall Hind il

pSD2

6300 bp

Cat-194

Ori pWVo1 Cawﬁ/
Beli

Hind 11

Fig. 1. Lactobacillus expression vector
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| YRR [&oh o3t M2 g Y@ RiAL0) THat

A Lactobaci/lus johnsonii(pSDI) C: Lactobacillus &asseri(pSD2)
B : Lactobaciiyyg 8asseri(pSD])

Fig. 3, Congo req test of I.actobac///us transformants indicating Cellulase activity

9 Y4399 AZF Lactobacityyg P BFY gagn 54 5ty
Iddag Lactobacijjyg Sp. T CRED) X P ] =3
2. &3 e Lactobacijyyg p. TF2RE kg cellulaseo]

HEE o 4 A7 F49 HAYere 60T, 5z PHE 55.6 oJ i,

'mg
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Table 2. The activity of endoglucanase in Lactobacillus transformants

Strain Secretion Endoglucanase activity(U/ml)
(Plasmid) rate(%) Total Supernatent Wg)c()::acctell

L. gasseri(pSD1) 98.8 0.731 0.722 0.009

L. gasseri(pSD2) 87.7 0.464 0.407 0.057

L. johnsonii(pSD1) 95.7 0.793 0.759 0.034

L. bulgaricus(pSD1) 94.5 0.127 0.120 0.007

L. plantarum(pSD1) 91.7 0.157 0.144 0.013

2 ATZEHE vgoR AEFE 7UE ol& cellulased: T&H O FulEhe= Al
2% AZY Lactobacillus sp. AAAAE /MEetes v Fastdom 1 gaadz s
Ak 17154 ATAAE 7159 ARHIAR o] 88 HS, 159 AgER 2 W
M, AEEE % AReEe] FYeE uFAY FAE NS FEE F 9o

2
i
Uol7b #7318 4 Agad ARALY B P &+ At

oI I, MSTSN DS 0183 phytase SHI DIMEKEIQl JHo)
gt 017

1. M B

Hye
[
_kig'
¥
ru
[-'O
e
r 4

A% 54 99 BAZL dFsha, ARl Edshe 20~30%9) &
GeiAE B ojds] WEd 84299 FUdoR s
) o4 W] AR Zug FAHAS Brhalok s LAl 22t
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o =
ro,
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[

pass
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PEFU R ot ME2 OVMEAIAC] N

Aok old A AFS 98 AUy FAH 2E9YE BEF o048 F e A
FAEY Tdo] AlFE AHoluh.

ALgU % o]4te] Qlo] phytate-P e|Z EAa gom, o] GYFEL o8 £
o, o] phytases] Aol Ylojw, AtEWe| EA5}+= phytic acidE phytase T4
E ANFoEN 71Fo] ol8¥ & Qv HFHE AMAA & FaAol tFHAUL
Phytase®} M7} A3 A716i9le) ZHae S4FA d2d £ E3AZH B oy
g, g w3 B9 dAEEENe dEE S5 9P Aoz Asdy B dFk
EYoR HE phytaseE £H3le vAES 23 2 uAEE FE phytase FAAE
clonings} 12} 3}®, phytase EAE dFLsE, TF ATAR &3] sk
phyiase® EFHOE A 447 FIABAE AZaA7) Fa, 4AN 37
o g 3 Bu7 & He AEE vectorg dsty] 8 AAEHAT

l

1) E% w2 A phytase §-AA2] cloning
@ Phytase 24| v|AES] £
(1) 5% 53 5x ¥ 249 E% sample o]&
(2) Trypton-yeast extract agarS o|& 34 Wy o] &
(3) A 12 A2 : PSM agar mdium ©] &
(4) A 22 A% : PSS solution A}&
(5) BHAIE A : Phytase &4 97} 27
@ Phytase 4] U|BEY A
PhytaseZ Y3} bacteriaZ FHAE BglH 2o Egoz 2E 10 429 njigs
¥ phytase 4ol FHojd SBP4 E3em, RId wAHES FHE 2,
Enterobacter= Y& A Enterobacter sp. 42 3 = o] FH
- Gram negative

- G+C &7 : 60.95%

il

NEE

mEE
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- Quinone type : menaquinone-8 & ubiquinone-8
- FAMEs 2%

@ 29 o2 8 A4 phytased] 4% 5o F4

o

2 PRANE AR LEE 0THOH 0T oldlA WHH ARE HAFUL:
Faoleo] e 5489 WsE 2A 2 EDTA, Zn", Ba", Cu” 1gn
g9 999 A gas zdsgc

@ Phytase FAA9] cloning 2 sequencing

2) Phytase ¥u] AAA <]

(1) PhytaseE AJAtsl= Pichia pastoris #59) 7\t

(D PhytaseE i3t AZF TR L vectord construction

Enterobacter sp. 4258 {33l phytase §-42e] B7jEdE& vt ® pGAPZa A
o ligation AlZ o2 48 ATHpGAP-phyA) (¥ 1).

. 3840 bp PhyA

Zeocin

EM7

’ TEF1 AOX1TT

(A8 1>  Pichia pastoris®| phytase2t™ vector construction (pGAP-phyA)

EcoR|

@ P. pastoriso] FAAS 2 0d oA}

X = [e]

TE¢ 23 vector pGAP-phyA S electro-transformation ¥'H-E& S84} yeast host T
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PEFLE] ozt AiE= DIYPEAIAMC e

21 P. pastorise] PFAAES AA5HH T

J2A43te 73] Phytase Screening SolutionS ©]-&3}a] phytase activityS <13}

I, A& WL E activityE PoiWER] ¥ FFE MW YT o5 pGG,

(8 2> YRS Pichia pastoris® PSS test 18

@ EA A3 P. pastorisY phytase activity 74

=

jd
Ny
Ach
2
s

ol

Phytase activityES spectrophotometer 750nmolA ZAsHth. A ¢
o]-g3t7lol= tha TH|g 25.8ULE FHHU

@ UV mutanogenesis©] 2] 3 phytase activity 37}¥ mutants A

A9 a7 th ¥ FAARAE UV mutationS HAste 84H7P} 73
AFE Adsy] A3 43T AL FALE UV =244 mutants s

=
= .
.

O F activity =43t mutationS E3 activity’} F719 mutantE A
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D —.

Mutant

(d8 3> Phytase Y& P. pastoris UV mutagenesis

(2) PhytaseE A4t

(D PhytaseE 23 3] }T‘Z‘ ost r

oA AT strainsE ZHAL WAHY, WEEA, AR &8
Lactobacillus plantarum 3104, L. jonsonii, L. gaseri, L. reuteri T#% h
Saitep

@ PhytaseE &rdle FAHES vectord +5

fakd 28 vectors F 719 vectorE TE5te] W UAS BYEH vectorF s

2
i
e
i
)

o

FrAHT9] genome’tol Lac promotere] 23j4 T7 RNA polymerase7} &3t 4 oA F
=3} Y vectore= T7 RNA polymerase promoterd]] ©}3] phytaserk &€ 4 9l

Integration& vector?] +=

Lac promoter$} T7 RNA ploymerase7} 4] genomic DNAY] Ald 4+ A
a5

Episomal vector9] &

T7 RNA polymeraseE <14
AE vectorE T34t}

ok

4 & T7 promoterd] <J&] phytase’} 2@
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FETU o]l 2Bt MEE OIFEAIAMC! THE

O IntegrationE vector (5 7JH)

1. pT7I-1
PCR10/20 PlacA T7 RNA pol. PCR10/20
EcoR I Hind I1I EcoR I
2. pT712-1
3104 DN 104 DNA
PlacA T7 RNA pol

3. pT712-2 : }19| 3104 genomic £2/0t [I &
4. pT712-3 : 12| 3104 genomic 220t [} E

S.pT7I3-1 3104  PlacA  T7RNApol  CmR 3104  origin

b

-

6. pT713-2 : $12| 3104 genomic 5 £/ 0t

= O
T T
7. pT713-3 : ¥12| 3104 genomic £ £ Bt

Ct
Ct

v O

O Phytase2t ™ episomal vector

1.pPP-phyA1l (pNZ123 0fl T7cassetteZ 0| £)

T7 promoter RBS SS phyA

2.pPP-phyA2 (pNZ3004 0ll T7 cassetteE 0| &)
(18 4) PhytaseS L3t7| ?Jol +5E integration vectoret episomal& vector
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(3) ERA phytaseE #H])3= ME-E 449 cloning

Specific activity7} $-4=% phosphatase®] sequenceingS HlE o2 3l PCRHH O R A)
2 FHAE cloningd}t$it). o= phosphatase activity9} phytase activity 7Fe] 43 A&
of tigh oJFEog Agstgsd specific activity?} 43 phosphatase”} phytase ]
I e AZeE FEsk

(D Host #F= A}&3 Pichia pastoris A1t

activity & z¢

Pichia pastoris Z}A|7} 7}A 1L Q1= phosphatase activityS A A3}7] 18] UV mutation

[e]

£ F3lA] phosphatase activity7} §1= P. pastoris (-Phol) A4ta}t}.

h
 P. pastoris (~Phol)

D —

P. pastoris wild type

(28 5> Phosphatase activity?t 2= P. pastoris &3 (-Phol)

(@ Phytase FH &) Bd vectorZ 9 A
PGAPZ a A vector®] enzyme siteol] 2§& 7| cloning3t phytase f-dA+E A4l 38141 ot
® 9AABA ] W3 phytases] 54
) §AAeA B
429 YAABASE Soml YPDA Wibsieich
g & TN TP activityZh S FA A AU
2) Phytase®] &4
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PEFURo 2Tt AR DMEAIRIL] THe

Optimum pH : 5.0
Optimum temperature : 60°C
@ M2 phytase (HPP)o] whuld A
100ml &% wiFol AJZoloz AAE HAA &AL Q6 columns o]&3fed AAdct
- pH 4.5 Na-acetate, 0.3M NaClo| A elution
- pH 5.0, 60T 3027 vt

o Specific
] ragn | Fold | 35
T & activity
. 7.7U/ml
42 9 | 0.lmgml 77U/mg 1 100%
(680U/total)
A A% 0.74mg/ml] 244U/ml 329U/ 4.2 89%
T4mg/m m .
° AT | I 610U Total) ¢ '
e wael Foz Holun

¥ 1 Unit F7]90& 1989 1 gmol ]3] ¥ 4 9

® Phytase (HPP)o] ¥x}3F =4
MW : ¢} 67kDa
M 1 2 3

67kDa

- AR
(O3 6) HEMEE 7-7 phy? FAH (HIYY H43Y)

Anion Q-column pH4.5 0.3M NaCIO|A{ elution
Lane 1, 2, 3 : HPP phytase
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® vaAz o
Al phytaseE HH]|8}= P. pastoris (pHHP)= (F) $Uulol|od (AP ARz
9 olFd& T 715 AR Hrletd AQH o R ol&dtud FAFA A&

3) gez9 HYAY

(1) Phytase AJ4F TR A

@O &EA flask FFolA FE A9 FAAHAE fermenterE scale upste] 4 <
A& A}

@ UV mutagenesisE £3F 23

(2) Phytase A4t A4

e

o] 93 mutant A8

(D Total cellular protein®] 15~20%7}2 wEo] ¥ 4 U= S-layer proteind]

promotere} signal sequenceE =S

=
o
22
el
ofo
2
et

vectore] i
— @A vectore AY FEH Aeolm o] vector systemd ©]&3t oje]s}A|
reporter genes®] Wdg g
@ TFZ9 vector systemol] AF Ao cloningdt 2714 phytase §42e] TYPo
phytaseE ZB]3tE RAbD AAQ 7L
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- ZUYEF - 2YUE : A97-478703,

529 :1997. 9. 20.
(Fibrobacter succinogenes S852] CMC-xylanase wAAe] 47|14 E 2 1 544
o wa) |
- FUES  2UWE : A984T3T3E,
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(FreaFs GFA0 He -S53N fH2E THT T
FAAEA)
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Jfm

1y Wy 2@ o
3 2993 : A2000-44293,
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(Enterobacter sp4 2| phytase FAAE fdle AZE vector L o2 i
e FAASA)
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