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Wi EFE, o FokolA FAE vpet Zo] w3 AlFd wet A XFE Vles dYste] #3835 o
old Widde H7HE | % %

MBS
H(electroporation), <A HZF(CaP0,) A, AsPd#(CaCly) HA, HAFUH

(microinjection), Ed A2 F(PEG)H, DEAE-EH|~ETY  Fol2 g ExFH, 2 %

E £ 9oy o5 ATy E AL olyr).

ddvER FAAEE sTAEd webs] daide] wdgyt 2 FolnE A Yeprg ) HHo 7Y
gt SFAMEE MYt AMgsld Hrh. 2 B4 o]fd ¢ e sFAEEE &%, M, A BEE F
F7F 7vsstd, oS €W, WA (Escherichia coli), ¥WHE#E 2 B EE X(Bacillus subtilis), 22EFEr}o]
M= (Streptomyces), =X (Pseudomonas), EZH-2~ vl e| = (Proteus mirabilis), EFRZ AT
(Staphylococcus), ©oy¥| 28 > (Aspergillus), IetmAZ~(Paracoccus), ZeFRBVe|E]e-(Flavobacterium),
ol 12 vt gl (Agrobacterium), LZre]A W 2=(Aicaligenes), NZAYoH Erwinia), I|X o} T=Eg2=(Pichia
pastoris), AHZ}EulolAlz Ml ¥| A ol (Saccharomyces cerevisiae), FFAVVZURA|Z2(Schizosaccharomyces),
FR22X8 AZAN(Neurospora crassa) 5°| Ath. vrEASI A= Wt (Escherichia coli) & EREO|X|YE
olo] AgE = AL ofr},
Boatg o] 317 AA o= vpael A FE(Bacillus sp.) S 2HE fFEe At ofH-EAX-HE-ZF R AT
A (aryl-phospho-beta-glucosidase; BglC) FAxE ¥ stel= Zetav|= WA HE (pETDuet-1)E E£. coli BL21
o FAHAZAIZTE.

2

y

Yo7l 2 e JAAZJAE widsts dl; 2 idE SES AR ZE F35te], Al

4e o 2 AAste dAE xdets, A9HE 19 ofuxAt IR o]F R 4t olY-EAX-wEl-F
FA|GHA] (aryl-phospho-beta-glucosidase; BglC) ©ruld o] oizk A2t Hyo] 3k Aolt}.

oA FAAZA ] vt g A" Wl wEbA FdE ¢ da, v 25, wiYg Al E e

pH T9 =L AAsA =" = Jdu. olE FAH wF WH2 T3H[Chmiel; Bioprozesstechnik 1.

Einfuhrung in die Bioverfahrenstechnik (Gustav Fischer Verlag, Stuttgart, 1991), % Storhas;

2

i

e

Bioreaktoren und periphere Einrichtungen (Vieweg Verlag, Braunschweig / Wiesbaden, 1994)]¢l ZgAI3] 7]
% do] k. w3k g WolE 3824 w%(batch culture), <€ vl (cintinuous culture) @ F712)
vl (fed-batch culture)o] ¥3=E ™, vl siAl= wlx TH £ ¢ X e 95 F9 vlA] 24 (fed

batch or repeated fed batch process)olx] @&l o7 vjokd 4= glor} o]o] A FwE= AL ofr},

AFEEE W wiAE 5T g9 87 20S FHSMA FHAIACE St theke njAEe] gk wjek 8iX]
= TXFHY M= 59, "Manual of Methods for General Bacteriology" from American Society for
Bacteriology(Washington D.C., USA, 1981)). #lA] U] &4 T3¢ T % &53E(d: 2F3%22, 742

22, FEQA, EHESA WEXA EIA, HAE 92 AERX), A E AW oiFf,
AR, Fe 2 ZIVF), AW ZrEM, ~dolEal E gEdHih), 4E(d: FYUAHAE E
Be) 2 fr1Ake oMAEAL) & o8& & k. olF EZLS /EAR EE E3}EEA AMEE F
Aok, A FFLL A2 f7] FEAE(d: WE, FE FEA, §F, Hol FEA S AXA | fF
vht g o), B F7] SetE(d:r ARy, dstd Ry, JQAdEyE, S Es 2 AR E)S o
43 = g9lor, ol B L3 fEYor I EFEEAM AFEE S duh. ¢ FFYerA Mol ATF
EE QAL A E ASdE UER 4 9% olgd 5 dr

T, g wiRE A A4AQd FEG (A vladlg B S S g4 ¢ glen, HE:How,
obuji Ak A wiEMI Y} e A -7 BEAS AV A9 B 9o AMEE 5 vk, e AFAE A
71 Wk iAol FrtE bt = oQduh AV aF B2 wjdEel e BE JletAY, WY F JHEA ¥
5 & ot

HFE9] ple VA FFE(d: FAUER, FAEZE B dRYohEE A 3EE(d): QA =E 3
Be AE] Algst 24§ Qth. X EAAE 2222 E daHEY Fe AXAE AHEste 2dE
F AT, A BEAL-FF s EFE, OF B9 3UE WYE TR EJAA IV 2HEEHH AIZ
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F Atk Wl REE BAAoRE 20 WA 45T, vt A 25 WA40TCeoH, 7 vt AlE 30Celt.
ke P3t= ol-EAF-HEl-ZE FA| A (aryl-phospho-beta-glucosidase; BglC) Aol HzE Adojd

w7bA AL = A

2 odtgo] A wjdel o AdE wigE U9 old-EAX-WEl-ZZ3A|thA (aryl-phospho-beta-
gluc051dase, BglC) 34w AAEY, o3 T 7 2ok B4 WHoR IG5 ¢ drh. ES, V] Yo
2 3439 o}H-ELAF-HEl-ZFE A thA (aryl-phospho-beta-glucosidase; BglC) whilae o o} =xbo] wb
Aog Zéxﬂil T dem, d& 5o, GH(dE Bol FAAUEE I, JAHEF HA), & FH(olAME,
oehE T ol &% wwA =E ), FA, A oy, o]ud, i ZLF E“}Elﬂﬁﬂg‘r 7o AzuE
a9 2 eloja 5o 7S 9= e 2o R HLAA E gl vwAdSs A = Q).

Lo

B oy o Ay Al B og $£EF ofH-E A I-HEl-ZF 2 3 thA| (aryl-phospho-bet a—glucosidase; BglC)
= AGAE BaAd £ dE FARA B 2y Agsk ofF-ZAZ-wE-ZF 2 F A thA| (aryl-phospho-bet a—

glucosidase; BglCO)&AE AFET A] AR Y9 AESRo2E BIstes AIRH/MARE ol8d & JS @

ofye}, AAMY, A7 Ee AAAAYGeZAE o]gEo] dHoR Hfie w3l Tl f&skA AeE

T A

2 gl ol ¢ By, gl aRE Z3td W
A IRy

A

-

<HAl4 1>

Bacillus sp. SJ-10 #FZRE E|3 AF3 holiCe] F71ME 2H

ool AZRRE FAHE Bacillus sp. SI-100] AAets 4714 FRH olH-EAX-wER-ZFZA|tholA|
(aryl-phospho- B -glucosidase) ®&A & BglC @A & FQsl= FAAe] A7IAES AAH3 7] Y8k NCBI
databaseZ E3 R W U433 Bacillus £ bglC FAAZE B3, bhglC FAAF Weoll FHZHA I

7o 2 th8 % Zgto|w(universal primer)E A2 TE. o5 Bacillus sp. SJ-109] chromosomal DNAZS
PFoZ PCRS 3, ALkE PCR AHES AlEASHA bglC AR Ui Ads Wio Uﬁ szl i A
9& 7] 9% DNA Walking SpeedupTM Premix Kit(Seegene, Korea)Z o]-&3le] 5 Zek o 37 whtko] VM A

A3}, Bacillus sp. SJ-10 52 5¥ #213F hglC FAA= 4787019] ol :aks & stsl= 1437712 4t
AER o] FoA AFS T & Yo (= 1 #Hx), A7 FAdAY A NG 2 F4 oju At Mde 7}

4 AEds 2 2 AEdE 12 YEhelt

<HAo 2>
Bacillus sp. 8J-10 #F F3 bolC AR 7MY Hlw £

Bacillus sp. SJ—109/] bglC FAAe] 7ML G2 Bacillus T3 bglC @714 E9] AEAE Lolrr] 18t
o], o]& X <ES ClustalW(Thompson, J.D., Higgins, D.G. and Gibson, T.J.(1994) CLUSTAL W: improving the
sensitivity of progressive multiple sequence alignment through sequence weighting, position—specific
gap penalties and weight matrix choice. Nucleic Acids Res. 22, 4673-4680.) X 21#& o]&3to] A 4E
Attt 499 AdS vt I e ARE WESE vEhilo

21 A}, Bacillus sp. SJ-109] bgiCd] |71MES t}E npadelx £33 vl S uf, vpdels opd ey
el olF ZdelH(B. amyloliquefaciens subsp. plantarum) YAU B9601-Y27} 99.1%% 7} =& FAIES
BHgow, 1 9 wpdyx opdw v A (B, amyloliquefaciens) Y2, ¥R 2 ol 2] F ubaE]
amyloliquefaciens) FZB42, wlA#~ opdzgFuglds orF Zdeld (B, amyloliquefaciens subsp.
plantarum) UCMB5036, w®hAe]l~ opdZgFutg)edl A ol Z el (B. amyloliquefaciens subsp. plantarum)
AS43.3, Ziglal wpAe s oA R A el (B, amyloliquefaciens) XH7E= 7}z 98.5%, 97.6%, 97.5%, 97.4%
92.7%2] FrAIEE YERITH
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el olnj Al I vl A ofd 2 dl A ofF ZH el (B. amyloliquefaciens subsp. plantarum)
YAU B9601-Y29} 98.1%, wpAelx o eI ute]l (8. amyloliquefaciens) Y29F 97.5, npaz]x opdl =gl F)
s Ax(B.  amyloliquefaciens) FZB429}  97.6%, wRAz~  oldzgFdgldx ofFx  Zetd (B
amyloliquefaciens subsp. plantarum) UCMB50362} 97.2%, whA#x old =z F|agldls ofF Zgield (B
amyloliquefaciens subsp.  plantarum) AS43.39}  97.0%, 18] wpdex ol F v
amyloliquefaciens) XH7# 94 7%= VEFFTHE 1 %),

(& 1] Bacilive sp. 51-109 Ao/l +8ARE] Q214E3 UE Bacillus 23 Aol

A7lqdel A=y 24 v

Semilarity / [dentity with strain n: (%)
1 2 i 2 5 B 7 8 9
Baciflys sp. 5)-10 1 ID 9% 75 T T 7 u 8g B2
8. amylabguefacizns subsp. plantarum YAL B9E0L-Y 2 M1 D @3  BB3 M1 980 o5R B43  B45
£ amploiquetaciens Y2 3 @ %93 b 89 Ws %3 NI 87 B9
& amplaliquelacens FIB& 4 6 %4 978 D %1 %80 055 843 45
8. amylelquefaciens -subsp. plantarum UCMBS038 5 95 93 7 #Een Io 988 O56 B43 M5
B amylaiguelaciens subsp. plantarum AS433 6 914 883 97 847 %as o %8 3 BT
8 amyloligquefacens XH1 7 829 933 W9 83 W5 WT D M9 )

B subtilis subsp. subtilis str_ 168 8 MR W3 V8 T3 TI OTS 13 Y 53

8. subtiis subsp. natto BESTISS g

&t
o
]

2 VAT Tl T3 A T3 s 18]

Tdentity (%) of the aryl-phospho-3D-glucosidase (Ao/) nucleotide zequences
iz shown below the diazonal, and the deduced amino acid sequence similarity

with the aryl-phospho-FD-glucosidase (Aeil) protein is shown above the
diagonal. Sequence data from GepBank: &) CPRO03332.1 3) HE774679.1 4)
CPOODRE0.1 B) AJRTRG42.1 6) HFRG3R6Z.1 7 CPROO3338.1 &) NCOOO4Gd 3 9)

NCO17196. 1

<A A 3>
HANSA AZ
B owo] BeiCE URFoz A gl A
3 Sal H-$loll ORFE 243}
SA=

AME A= Bacillus sp. SJ-10 S 2FE] FZE3F chromosomal DNAZ 3 DNAR 3tx, TAE Zgo]
BSbglC-up ¥ BSbglC-rpE AMEsle] Fdaa A (PCR)S A3t TFah A2 94TolA
T 7] WAGAIE AZ §, 94T 30% 58C 1, 72°C 30%E 30AtelE SRSt WA 7 H<t

S B3 U SEE DNA ©HE ASas BamH I} Sal o2 94

A& WE] pETDuet-1¢} dAste] & wEol pelC HAE FHh=vE=E A

gt Ty au=E A%317] $98), pETDuet-1¢] A|g+&E A Bamld
E. coli BL21(DE3)ol| FH A3 A FAAZAE =3}

=

r_lvl‘; ro

[@)]

BN

ﬂ
[N}
R T

PA
B w9 Bacillus sp. SJ-10 o5 3 blgC FAA N-Zek Zlolme} C-Twk Zelo]n
T =

Sal AgaEs RS /e S8 wEUE =t Axy WEHE 7&?&‘ 7= 2%

WAlEo] QlojA, o]E T7 RNA S8 &4AE 2 YE £ coli BL2I(DE3)E &£F2 AREdE 45 2 2o

BglC ©a oigkiiste] 7hsaieh. ®ek C-ddols & W] BglC WA AAE FdsA T4 5 UA
otk 47 xﬂ}_?& ZYan s a1 CaCl, 5 Ad

3= 6719 3l2EldS 3 8sle Bl A E o
E. coli BL21(DE3)°l €% A (heat shock)S &3 FAHES st FAASHE 478 AxSH.
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(& 2] PCRY AMEEH Zobo]H HE

Zgpoln ME (5-3)

ZHE (BShelC-up) | GGC CGG ATC CGA TGA TAC ATR AAA AAC MGG G

2B A (BSbalC-rp) | GGC CGT CGA CTA AAC TYT TAC CGT TTG TTT CAA

<A 4>
HAAGA A E el BelC W3 2 AA

71 AAef 34 AZS E. coli pETbhglEs 42 & (ampicillin, 100pg/ml)o] X3 LB wX|o A #
% % 1mMe] IPTG(isopropyl-pB-Dthiogalactopyranoside)E Mol Yo 4A17F Fot AXE w|Y
B outgoBglC @A S s AT, B d o] BelC g o] mutdE AEE gstel 4 B4 gle
inclusion bodyZ 6M-rdlo}(urea) = renaturation AlZL %, 20mM Tris-HCl W3 (pH 8.0)oll A FAlsto] 2]&d
(refolding) 3llem, His-tag7} §&E A ol e £ oo BglCE Ni-NTA(nitriloteiacetic
acid) FAZ o] &3dle] AASII . FAE hwAe SPS-PAGES Fafasle] oF 52kDad] ¥ @] BglC ¢ AS
g3t

)

9 o o

T 2% B owyo] BglC wild By 3A4S SDS-PAGER HA1&te] el Ao 2 Lane NS ml# o)W, Lane 1S
IPTG H7}8}A] ¢ wist E. coli pETbgl M¥E &S, Lane 25 IPTGY #H7}ol] ufE H dwo] ghilzo]
Al

H3lE E. coli pEThgl A¥ B &S, Lane 3-& IPTGY H7bd] we B dwo] dhwlgo] wpd3ls £ coli
pETbgl M E N E F F£8&4 BIES Lane 45 IPIGY H7bo & B o]l thulzo] pddE £ coli
pETbgl AI¥E HHE&E & B84 &S Lane 5+ AAE 2 o] BglC v aS Yeldl Ao},

<Age 1>
2 e BglC d49 84 54 9 7]d SolA4

B dli o] BglCe 714 EoldS F<ldlr] $13}o], pnitrophenyl-B-D-glucopyranoside, o-nitrophenyl--D-
lactopyranoside % p-nitrophenyl-a-D-glucopyranosides 7]|& =X o]&3l o™, o= Tri-HCl pl6 &%
|9 smMe] 71 &7 10uge] FAE BglCE FH7bste] 40Tl 1A1ZE RESAIZTE, ¥ AlZ] AFES 405nmellA]
SHEE SAs frul® UEE#A = (nitrophenol)d] FE AE3H3AT

Bg1C2] non-phosphorylated B-glucosideo] thdt 7]d EoldS& EQlslr] $Iste] thFst dFulx|(artificial
substrate)S o]&3lo] WH3AZ1 A3} p-nitrophenyl- B -D-glucopyranoside gt &4do] 9.1 U/mgl.2 74 =
A yU$kew™,  o-nitrophenyl-p-D-galactopyranoside® 7]&= Al&3IAS £ p-nitrophenyl--D-
glucopyranosideo] wgr Aol 85.7%° dMFst= 7.8 U/mgs UERHAT. 3H, p-nitrophenyl-a-D-
glucopyranoside oA oWt AL Holx ottt T WL 1Y lmmole] YE=ZH|=(nitrophenol )<
7trEasiAl 7l EAe] Yo AHYFIItH(E 3 FE).

_11_
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(% 3] BelCH] HIYU4tE HER-S TR ZAICORAN et 712 Jold &3

Substrate (non-phosphonydated f-glucoside} Specific activity (U/mg) Relative activity (%)
p-nitrophenyl-§-D-glucopyranoside g1 100
o-nitrophenyl-B-D-galactopyranoside 78 257

pnitrophenyl-a-D-glucopyranoside = =

<A 2>
B ago] BelC 49 3 2= 9 pll 2A

<2-1> FHAH 2% A 2A

B odl o] BelC &4 A9 HAH 2w AE BglC: p-nitrophenyl- B -D-glucopyranoside
5 7142 3sto] 50mM Tri—HC 1S g&gaogsta vheks 2%(10, 15, 20, 25, 30, 35, 40, 45, 50T)elA] 30
Bk RESAIH T, wkE F, kS Yol EAlste walE UERE 4S 242U ISH7E o] &35t
3= 405nmell A fﬂé}%‘jr

AeEE 40CY

B

1 A¥}, BglC @49 &40 35 ~ 43TColA 2F 6 ~ 9 U/mg= YElen, 1 35 §487d9

Aol
S 4 F JUTHE 3A FFx).

B odg o] BelC &4 49 HH pH 1S Z2As7] Yste] AAE BglC 1ug 50mM Tri-HC1S pH 2 ~ 10 %
Astell A 1A17E 9 WESAIZT, g & dhg o Yo EAlstE UERAEY 4S axUIASAHVE o83t
o FH% 405mmell A F7431SIT).

I A, B el Y] aAgAdel A9 plE pH 6019ew, 53] pH 4 ~ 79] HL oA 4 9] 80% ©]
Ao @48 el AoZ ey, T2 5o 9@ AikE BglCe] ad &3 njuste] g b2 9]
pHEZA aaggo]l HA X+ AL ddd = Y= 3B #F=x)

<Age] 3>

E ago] pglC 549 84 &4

B a5 BglC 849 A4S =437 998t p-nitrophenyl-B-D-glucopyranoside, o-nitrophenyl-8-

D-galactopyranoside % p-nitrophenyl-a-D-glucopyranosideg 7]Z=Z% o]&3}qt}. p-nitrophenyl-B-D-
glucopyranoside®} o-nitrophenyl--D-galactopyranosideE 7|2 & 3}9S u] BglCetel 713 3 =(fm)e= 2+
7} 8.28mM, 7.36mM 24 o-nitrophenyl-B-D-galactopyranosideo] ™3+ BglCel 712 H3}w=r} oF 1.130] FHo
S ¢ F A wmE, BglC ®EAUVE Z 7|AF §hgEtE HoSS(Imax)E  prnitrophenyl-B-D-
glucopyranosideS 7122 3¢S W 1.128] &S & 5 Jdgden, that 3 A5 (turnover number, Kcat)E
o

pnitrophenyl-B-D-glucopyranosided] t3l 1.129] &

o7l BglCol ZFwldS(catalytic efficiency, Kcat/Am)<  p-nitrophenyl-B-D-glucopyranoside % o-

_12_



[0097]

[0098]

nitrophenyl-B-D-galactopyranoside® 7]d=Z o]&3}& Wl wl¢ A #Hes yEded,
nitrophenyl- a-D-glucopyranosideo] thajr= ojugsh =3 I3

o
2
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[E 4] BelCS] 254 (kinetic) 54

Substrate KM VimadmM min“'mg™) Keaimin™) Kealta(min ")
p-niroshenyl- F-0-glucopyanoside 22s 2172 11.29x10° 1.363x10°
o-nirophenyt- 0-gaiaropyranaside 736 19.3% 10.07%10° 1.368%107
p-niraphenyt- &-D-glucopyrangside - - - -

1744 ¥ ol diste]l 1 whgrA s AAdES FHoR Avngd. ¥ @yl &ak: 7]
4o AAE A2 AE L owee] X we] BAZQ SAoA Holux ek sl wy
S e ol & 9 Aol Tenz AR NS FAA Aol ope Ay
gslojof @tk B we] Welt A&d Aol ohe EHPFUlel et glon, s}
i WE Aolde ¥ el E£3H Ao dAsolol & Ao,

k1
n

k1
n
~

"

1101

1Z01

20
e mm s Faosian Batamre | dsaam B aca
ATEATACATEAAAMACCEGECCTGTIOT
M O-T e B L

A 130 Ve ran
abdial . I [T e vk B awn
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Pukyong National University Industry-University Cooperation Foundation
Novel aryl-phospho-beta-glucosidase protein and method for mass
producing

PN1306-194

2

KopatentIn 2.0

1

478

PRT

Bacillus sp. sj-10(BglC)

1

Met Ile His Glu Lys Pro Gly Leu Phe Pro Asp Thr Phe Leu Trp Gly
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1 5

10

15

Ser Ala Ser Ala Ala Tyr Gln Val Glu Gly Ala Trp Asn Lys Asp Gly

20 25

Lys Gly Pro Ser Val Trp Asp Leu Phe
35 40
Phe Lys Gly Ser Asn Gly Asp Thr Ala
50 55
Lys Glu Asp Ile Ala Leu Met Ala Glu
65 70

Phe Ser Val Ser Trp Pro Arg Ile Phe

85

Asn Glu Ser Gly Ile Ala Phe Tyr Glu
100 105

Ser Asn Asp Ile Glu Pro Val Leu Thr

115 120
GIn Ala Leu Met Asp Glu Tyr Gly Gly
130 135
Asp Asp Phe Asn Asp Tyr Cys Ile Ala
145 150

Lys Val Lys Tyr Trp Val Thr Leu Asn

165
Asn Gly Phe Ile Thr Ala Ala His Pro
180 185
Arg Phe Tyr Ala Ala Asn His Ile Ala
195 200
Ile Glu Ser Phe Arg Gln Tyr Val Pro
210 215
Phe Ala Tyr Ser Pro Ala Tyr Pro Leu

225 230

Thr Ala Phe Glu Asn Ala Glu Glu Phe

245

Thr Lys

Val Gly

Met Gly

75

Pro Asn

90

Asp Leu

Leu Tyr

Phe Glu

Leu Tyr

155

Glu Gln

170

Pro Gly

Phe Leu

Asp Gly

Thr Ser

235

Met Asn

250

30
Ile Pro Gly Lys Thr
45

His Tyr Glu Arg Tyr
60
Leu Lys Ala Tyr Arg

80
Gly Arg Gly Glu Thr

95

Ile Asp Glu Leu Ile
110
His Trp Asp Leu Pro
125

Ser Arg Lys Ile Ile

140

Lys Arg Phe Ala Gly
160

Asn Tyr Asn Phe His

175
Val Lys Asp Arg Lys
190
Ala Asn Ala Lys Ala
205

Leu Ile Gly Pro Ser
220

His Pro Glu Asp Ile

240

His Trp Trp Leu Asp

255
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Met Tyr

Glu Lys

Ala Lys
290

Thr Tyr

305

Thr Thr

Phe Glu

Thr Tle

Arg Tyr

370

Asp Lys
385

Tyr Leu

Val His

Trp Leu

Asp Glu

450
Tyr Trp
465
<210>
<211>
<212>

<213>

Cys Arg Gly Thr Tyr
260
Gly Trp Ala Pro Ala
275
Gly Lys Pro Asp Val
295

Glu Arg Asn Pro Leu

310
Gly Gln Lys Gly Thr
325
Thr Lys Lys Asn Pro
340

Asp Pro Ile Gly Leu
355

Glu Leu Pro Val Phe

375

Ile Glu Glu Asp Gly
390
Arg Ser His Leu Glu
405
Leu Ile Gly Tyr Cys
420

Asn Gly Tyr Gln Lys
435

Glu Asp Glu Lys Asp

455
Tyr Gln Asn Val Ile
470
2
1437
DNA

Bacillus sp. sj-10

Pro Gln

265

Ile Gly

Asp Gly

Asn Gln

Asn Leu

345
Arg Ile
360

Ile Thr

Ser Ile

Gln Cys

Ser Trp

425
Arg Tyr
440

Leu Lys

Glu Thr

Ile Pro Phe Asn

Pro Gly Asp Met

285

Leu Asn Tyr Tyr
300

Val Ser Glu Gly

315
Asp Thr Gly Ile
330

Val Thr Ser Asn

Gly Leu Arg Arg
365
Glu Asn Gly Leu

380

GIn Asp Asp Cys
395

Arg Glu Ala Ile

410

Ser Phe Thr Asp

Gly Phe Val Tyr
445

Arg Ile Arg Lys

460
Ser Gly Lys Ser

475

Tyr Leu Lys
270

Glu Leu Leu

GIn Thr Ile

Lys Met Asn

320
Pro Gly Leu
335
Trp Asp Trp
350

Ile Thr Ser

Gly Glu Phe

Arg Ile Asp
400
Ser Asp Gly
415
Leu Leu Ser
430

Ile Asn Arg

Lys Ser Phe

Leu

ar ly-phospho-b-D-glucosidase(bglC)
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<400> 2
atgatacatg
gcctatcagg

ttcacgaaaa

tatgagcgct
ttttctgtca
atcgcatttt
actctttatc
agaaaaatta
aaggtgaaat

acagctgcac

gcatttttag
atcggceccga
actgcatttg
gggacttatc
gagccecegggsg
tatcagacga

acgactggtc

aagaatccta
atcggccttce
ctgggggaat
tatttacgct
ggctactgca
tacggttttg

aaaaaaagtt

aaaaaccggg
ttgaaggagc

taccgggtaa

ataaagaaga
gctggecgag
acgaagacct
attgggactt
ttgatgattt
actgggtcac

atccgcececgg

ctaatgccaa
gecttegetta
aaaacgcaga
cgcaaattcc
atatggaatt
ttacgtacga

agaaagggac

acctcgtgac
ggcgtataac
tcgataaaat
cccatcttga
gctggtceatt
tctatatcaa

tttattggta

cctgtteect
ctggaataaa

aacgtttaaa

tatcgecttg
aatttttccg
gatcgatgaa
gcctcaggeg
taatgattac
gttaaatgag

cgtaaaggac

agcgattgaa
ttcaccgget
ggaatttatg
tttcaattat
gcttgcegaaa
aagaaatcct

aaaccaggat

gagtaattgg
gagccgcetat
agaagaagac
acagtgcaga
cacggatctg
tcgagatgaa

tcagaatgta

gatacatttc

gacggtaaag

ggctcaaatg

atggcagaaa
aatggcagag
ttgatttcta
ctgatggatg
tgcattgegt
cagaattata

agaaaacgat

tccttcagac
tatccgctta
aaccattggt
ttaaaggaaa
ggcaageegg
cttgatggtg

accggtatac

gattggacga
gagctgeegg
ggctcaattc
gaggccatta
ttaagctggce
gaagatgaaa

attgaaacaa

tatgggggtc
gaccttcagt

gcgatacagce

tgggtttgaa
gggaaactaa
acgatattga
aatacggcgg
tatacaaaag
attttcataa

tttatgcagc

aatatgttcc
caagtcaccc
ggcttgatat
agggcetgggce
atgttatcgg
tatcggaggg

cggggetgtt

ttgacccgat
tttttataac
aggatgactg
gtgatggagt
tgaacggcta
aagatttgaa

gcggtaaaag

_17_

agcctegget
atgggactta

agtcggccat

agcttaccga
cgaatcaggg
geeggtgetg
ctttgaatca
atttgecgge
cgggtttata

gaatcatatc

tgacggtttg
tgaagacata
gtattgeegg
cceegecatt
tttgaattat
gaaaatgaac

tgaaacgaaa

aggtctgcege
agaaaacggg
cagaattgac
tcatctcatc
tcaaaaacgc
acggatcagg

tttataa

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1437
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