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Pseudomonas sp. Endo-1,4-B-Glucanase?} B-1,4-Glucosidase
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Simultaneous Expression of Pseudomonas sp. Endo-1,4-B-Glucanase and
B-1,4-Glucosidase Gene in Escherichia coli and Saccharomyces cerevisiae

Yang-Woo Kim, Sung-Sik Chun, Young-Chul Chung' and Nack-Kie Sung*
Department of Food Science and Technology, Gyeongsang National University, Chinju 660-701, Korea
‘Department of Food Nutrition, Chinju Junior College, Chinju 663-840. Korea

Abstract — We attempted simultaneous expression of genes coding for endoglucanase and B-gluco-
sidase from Pseudomonas sp. by using a synthetic two-cistron system in Escherichia coli and Saccha-
romyces cerevisiae. Two-cistron system, 5'--fac promoter-endoglucanase gene--B-glucosidase gene--
3, 5'-tac promoter--B-glucosidase gene--endoglucanase gene--3' and 5'-tac promoter--endoglucanase
gene--SD sequence--B-glucosidase gene--3, were constructed, and expressed in E. coli and S. cerevi-
siae. The E. ¢oli and S. cerevisiae contained two-cistron system produced simultaneously endogluca-
nase and f-glucosidase. The recombinant genes contained the bacterial signal peptide sequence
produced low level of endoglucanase and B-glucosidase in S. cerevisiae transformants: Approximately
above 44% of two enzymes was localized in the intracellular fraction. The production of endogluca-
nase and f-glucosidase in yeast was not repressed in the presence of glucose or cellobiose. The
yeast strain contained recombinant DNA with two genes hydrolyzed carboxymethyl cellulose, and
these endoglucanase and B-glucosidase degraded CMC synergistically to glucose, cellobiose and
oligosaccharide. This result suggests the possibility of the direct bioconversion of cellulose to etha-

nol by the recombinant yeast.
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74 Aol dile] H 7o x djidxic)

el B o] A= o)u] F-E W Pseudomonas
sp. 22 endoglucanase(13)2} B-glucosidase 3
2H14)E two cistron systemE ©]&3te] E  colig)
S. cerevisigeo| A WHAA FA|AWAHS AT

T3 W plasmids

E. coli JM109(15)[ recAl, gyrA96, thi, hsdR17, supE
44, relA), (ac , proAB), (F', traD36, proAB, laclt,
lacZAM15)]¢8} S. cerevisiae YIY345(7Xa leu2 wura3
his4)7} sTAER AH-E U

E. coli®) #3299 vectorE2+ pKK223-3(amp’, tac)
aeja oln] & AP A 58 A2 plasmidd)
pKC10(endoglucanase, 13)3} pKKB10(B-glucosidase,
14), S. cerevisiae-§ vector— YEp13(amp*®, fet*, leu2)
S synthetic two cistron systemel z}z} o] &3]9f
}.

HHX] 3 e

E. coli®] vz 3 wiok AH(4)9} 2, ANy
YPD(1% yeast extract, 2% peptone, 2% glucose)ul
2|8 o]8-3le 30Tl A Awduletg s)3hsct

52l A ™ wioks 23] histidine(20 pg/mi)e]
A7kl SD3 vl 2|(16)7} AHEE e, ol B-glu-
cosidase A7 4L wjR]el|= 1 mM p-nitrophenyl-
B-D-glucoside(PNPG) =+ 05% CMCE, 28] 3
2ol w2} ampicillindd0 pg/mi) £+ tetracycline(50
ng/miy= #7)skeic).

DNA =& 9 two-cistron system& 1=

@44 DNA % plasmid®] ¥#-2], DNAgte] 3]
2 A, 283 cellulase A AF Fh 3 A A HA| 9
ol e HHE(13, 14)o] A4 AF3 #hHa St

Plasmid pKK223-3<| 0.74 kb&| endoglucanase”}
Abel®l pKC103 %< vectorol] 1.2kb2] B-glucosi-
dase §-#=}7F 44 ¥ pKKB10 7H8 two-cistron sys-
tem T3 Fig. 13} %o}

Z pKC103} pKKB102] 3'-dxte]| Xbal linker&
2}z o3 Al A A =3§} plasmidgl pKGE303 pKEG40
S F&=3tgla, 1el7 two-cistron system Fol| B-
glucosidase, endoglucanase A% wiod ¥l 2|2 5HA)|
o) /1 endoglucanase F3A A2l SD sequence(AGA-
GGT)YE g7)A8A A Lzl AGGAGGTE &+&
pASS50(unpublished data)& ©|-&3fe] B-glucosi-
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Fig. 1. Construction of recombinant plasmid pKGE30
(A), pKEG40(B), and pGSES0(().
Endoglucanase and B-glucosidase genes are arranged
in a two-cistron system: [J, endoglucanase gene: R,
B-glucosidase gene; Pt, fac promoter; E, EcoRI; S,
Smal; H, Hindlll, X, Xbal: P, Pst]

dase, endoglucanase TA]E wjd3lo] 2 23F} plas-
mid pGSE50-& +538}gich

HaME 9 H7[EE

E. colid| 2.2} A%tz DNA 29l& 213F gel
electrophoresis+= Mamatis 3(16), Z22]3. S. cere-
visigeol) A 2] A AFE Ishiguro S(1T)o] AF&-3h
b o 2 g8ttt Endoglucanase2t B-glucosidase
PNPG7} 3HG-3 i x|elf ] F-Alell oFAMEE-E viel
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A5k . 6000X goll 4] 557F AlHe]E algk A2
= zymolyase 100T(0. 5mg/mi)7} 5% 247] 2]
5 buffer 0.1 m/el| &gt AFL-ol| A 587 W
2% o}2- 3 A= spheroplast® tiA] 5 buffer®
A& 3o odojz] AFS-ol-& periplasmic fraction &=
AL-g-3fei o}

a3 A7) wAlE 10mM EDTA(pH 7.0)e] &
&% =<9 buffer 0.1 m/ol] #Etsle] spheroplastE
A1 7] -5 A Fe]sle] R AR S cytosol
fractione.= 3Fgich

TLC
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o}e] 7heRa] 5 RS precoated silicagel plate(Kie-
sel gel 60 F254, Merck)-& AF-&8to] TLCE #}tels}
a2 olu #7]&vl= n-butanol-methanol-water(4
1211, v/WE ARESte] o] F AlRAIZlow wb-E
Pastudska(18)e] vhj o g s3leich

chiE &

BAa Feo] shwlzlsgke BSA protein assay kit

(Pierce Chemical Co.)E& AF&3}e] Z=A3s}9i e bo-
vine serum albumine] X553
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Fig. 2. Agarose gel electrophoretic patterns of pKGE30
(A) and pKEG40(B).

(A) Lane; 1, A DNA/Hindlll; 2, pKK223-3/EcoR1: 3
pKGE30/Pstl; 4, pKGE30/Sacl.

(B) Lane; 1, A DNA/Hindlll; 2 pKK223-3/EcoRI; 3,
pKEG40/Poul; 4, pKEG40/Sacl
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Fig. 3. Production of endoglucanase and (-glucosidase
by E. coli JM109 strains carrying two-cistron systems.
The strains were grown in LB medium at 37C for
total enzyme activities.

Symbols: Endoglucanase activities of pKEG40 (O) and
pKGE30 (@), B-glucosidase activities of pKEG40 (A)
and PKGE30 (&)
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Fig. 4. Production of endoglucanase and [-glucosidase
by SID sequence in two-cistron system.

E. coli JM109 cells harboring plasmid pGSE5) were
grown in LB medium at 37C and induced with IPTG
after 1 hr incubation,

Symbols: Endoglucanase activity (@) and B-glucosidase
activity (A)

Table 1. Enzyme activities in S. cerevisiae transformants®

Activities (U)

Plasmid .
Endoglucanase B-Glucosidase

YEG 60 7.4 3.5

YGSE 70 7.1 4.8

*S. cerevisiae transformants carrying YEG60 or YGSE70
were cultured with shaking in YPD medium for 3 days.
Culture fluids were dialyzed extensively against deio-
nized water at 4C to remove residual glucose and as-
sayed for enzyme activity.

2 o7 X3 AlA delz AGGAGGT-E #-53 pASS
50(unpublished data)& ©]-8-3}e] B-glucosidase, en-
doglucanase A2 wjdsle] Fig 13} 7ro] =%
plasmid pGSEH0S 1358+ vhg E. colidl A IPTGE
FrEAlA AagAdE Ak

Fig. 40|41 ®.= ule} 7re] SD sequence® *| %k
endoglucanase?] 452 SD sequence?} &) 3}7|
%5+ pKGE30ell n]3le] 4ul o4} F7ir|zH o}, B-
glucosidase 3432 H37E 79 giddch olet 2o
709 f42F Aleloll SD sequence®] A4Fsl& A
cistron®] HALE&& folslA sl A= A4 AA
8 F7HA7E Ao AzEed, olst Ak
A3 B-glucosidase(12), rat interferon(19) 2 trpA
gene(20)oll A% ¥.31 = nv} 2elch
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Table 2. Subcellular distribution of endoglucanase and
B-glucosidase in S. cerevisiae YIY345*/YEG60 or YGSE
70

Endoglucanase B-glucosidase
g‘alitt"l“;ﬁ activity (U) activity (U)
YEG60 YGSE70 YEG60 YGSE70
Cytosol 13.9 13.2 10.3 134
Peri-
plasmic 10.4 9.2 6.4 5.6
space
Super- 7.4 7.1 3.5 4.8
natant
Total
activity 31.7 29.5 20.2 23.8
(U)

*S. cerevisiae transfomants were cultured with shaking
in YPD medium for 3 days.

S. cerevisiaed| M| wH

pKGE30#} pGSE502] two cistron system <3
Boll BamHI linker& <A AAA E. coli-S. cerevisiae
shuttle vectorel YEpl13¢] BamHI %]l subclo-
ningS st} zhz} | ZEgA YEG6 3} YGSET0E
A} o] Z-& S. cerevisiae YIY 3450l 3 2 A5 A
YPDul x|of| 4] Al £ &2 FA5E zAFe cHTa-
ble 1).

Plasmid YEG60-2 &-3F3L 2+ S, cerevisiaeol] A
T B EvsHe E colidlAd Hrp of 784
A veRstew, E ocoli®] SD sequence?b ARl xl
YGSE70| A & B-glucosidase 8] F-8]-g-o] v-$- w4
HEFE 7R Bol Pseudomonas sp. +ile] &
A ARoA W Fulr o)k 9f o
AP E o

ax e B-glucosidase 74 2H7, 8)2}+= vl 27
Cellulomonas fimi2] endoglucanase 3 AH21), +
24 Al F89] cellobiohydrolase % 2AH10)+= &
Hojl A Wb W ywrv}p Bo)dlr] F3t AN promo-
ter, signal peptide % T-S region¢] Y5 &l a}oput

Faliyo] $sthe Asbrh magl ub gk,

FE A localization

S. cerevisige 34 HIHAYGES) .= YESG70)2]
.%ol Ko coliofl wlste] o g ulolv] uf
oll(Table 2), YPDul 2]l 4] 300C, 327t wiokgl &
cytosol, periplasmic space = vz A A 8-S =
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Table 3. Effect of carbon sources on final cell mass,
and endoglucanase and [-glucosidase activities in S,
cerevisiae transformant/YEG60

Cell Activities® (U)
Carbon source §
mass  Endoglu- B-Gluco-
(O.Deeo) canase sidase
YP® 1.5 1.8 0.7
YP+ 1% Glucose 6.3 30.4 18.8
YP+2% Glucose 7.1 3L7 20.2
YP+1% Cellobiose 2.6 16.2 7.1
YP+1% CMC 2.2 14.0 6.2

‘Enzyme activities were represented as total activity.
" Abbreviations: Y, 1% vyeast extract; P, 2% peptone.
S. cerevisiae transformants were cultured with shaking
for 3 days in YP medium containing various carbon
sources.

Culture fluids were dialvzed extensively against deio-
mzed water and assayed for enzyme activity.

A}gh A3k Table 29 7ok a7 skash Al glol
endoglucanase< 44%, B-glucosidase+ 51~56% A
£ AT Aot A2 Fulse e
E 601301] #]&le] 1.5~20l *45—_ ‘-"f?ﬂ vielu) Pseudo-

monas<y cellulase gene J 5.l A] & 2 Fulz}
Sol3kA] F-g-& o & 2ldrk9, 10, 21).

Eiglo]| g g4 MEds

Pseudomonas sp. cellulase2] 412 o] oA}
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3 #Ado] AsiEA] s A 7 doK1s, 14).
Two-cistron system= &3kl U+ S cerevisiae
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of ule}l = A}steiciTable 3).

S. cerevisiae/YEG60-S YPul A|off &t A3} 1 &
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Fig. 5. Endoglucanase and P-glucosidase activities in
the CMC medium of S. cerevisiae/YEG60.

Strains were cultured with shaking in YP medium con-
taining 2% CMC.
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Fig. 6. Time course of CMC hydrolysis by endogluca-
nase and P-glucosidase.

Samples were incubated at 30C for 0 min (lane 1),
30 min {(lane 2), 60 min (lane 3}, 90 min (lane 4), 120
min {lane 5), 100 min (lane 6), 180 min (lane 7}, 210
min (lane 8), 240 min (lane 9), 270 min (lane 10), 300
min (lane 11}, 330 min (lane 12), 360 min (lane 13),
390 min (lane 14), and standard marker (lane M).

25}a) S cerevisiae/YEG60-S A|7HE R %8l ulf oks]
A felE a484-8 2% Ao Fig 59 #d.
S. cerevisiaev- CMCE A 9] o] &-81%] I8k, YEG
60¢] 38X SEALIA S cerevisiaer= CMC7}
AQshA] ek YPul#] B} CMCE &-ol8hA| -3l 3t
b} H E3= oligosaccharide S o Ui x| %10 & o] 85}
of a4 Fal7} lge] AFFGvh dela A4r)e)
QAlX 2l 5lo] AFEOlS. 23] ERS@ EA
Clge> ;ﬂf%-% A g o l"“—f’ﬁ"“%& of Axeh
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