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Abstract

The cellabiase (f-glucosidase) gene in a Cellulomonas sp. CS1-1 was cloned into E. coli HB101 using

the vector plasmid pBR322, and the expression of the gene in E. coli studied. The chromosomal DNA

of the cellulomonas was digested by several restriction enzymes, each of which has only one cleaving
site in plasmid pBR322. The recombinant plasmid, pSB2, created with Sal I frament, was expressed
for the cellobiase gene in E. coli. The recombinant plasmid was estimated to contain 6.4 Kb foreign
DNA at the Sal I site of plasmid pBR322 and the inserted DNA was mapped by single and double

digestion with several enzymes. E. coli HB101(pSB2) has slowly grown in a mineral liquid medium

containing cellobiose as a sole carbon source. The cellobiase activity in the transformed E. coli was

132 units per liter, which is equivalent to one twenty fifth of that in doner strain Cellulomonas sp.
CS1-1. The transforned cell with plasmid containing cellulase gene grow well in the LB mediuns. The
synthesis of cellobiase in the strain, E. coli HB101 (pSB2), was inhibited by glucose and at high

concentration of cellobiose, and induced by cellobiose at low concentration.
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1. EAMs%

Cellulaset: FEB o 8= 3 F 9] Richard ¥ Ide
(1981) 7¢ A% Cellulomonas sp. CS1-18i#%k&
Al 83l9 2 FHlA plasmide] transformationo]
Abge ZAEE L vector plasmid(pBR322) 9 7§
FHe 2+ E. coli K12, HB101(pro, leu, thi-,
lac Y- hsd R-, end A-, rps L20, ara—14, gal
K2, xyl™5, mtl-1, supdd2A] o] L proline,
leucine, thiamine auxotrophe]t}(Ray, 1979).

2. % %

Cellulomonas sp. Eko H#F 9 MERS
potato-cellulose medium (potato extract 5.0g,
yeast ext 0.2g, NaNO; 2.0g, MgSO,-7E.0
0.5g, KH,PO;, 1. 0g FeSO,-7H,0 0. 01g, Avicel,
CMC or cellobiose 5. 0g per liter)of EfskEHel
7% agar 165g-% A 7}slo] AL getdvh ARES
mineral salt solution (MS medium) ¢ 2 4 (NH,),
SO 4.0g, NaCl 3.0g, K;HPO, 0.5¢, K,HPO,
0.5g, MgS0,-7H.0 0. 1g, CaCl,-2H,0 1. 0g per
liters} thiamine 1mg, biotine 0. ImgE membr-
ane ojzy o2 BREAA AHoleln REFSZ
4] Avicel, CMC, cellobiose =3 glucose & 0.5%
£ 77 Hsistd pH 7,002 WMEstgd. E.
colix- LB medium(tryptone 19%, yeast ext,
0.5%, NaCl 0.5%, pH7.5)e)A iE#Eslgd=,
mineral liquid medium (ML medium)-& Na,HPO,
6g, KH,PO, 3g, NaCl 0.5g, NH/CI 1g, IM
MgSO,-7H,0, iml 0.1M CaCl, 1mlZ 1 litero)
4% A 7] 2 cellobiose =+ glucosed 0.5% A
74& Aot HmgHEA b= ampicillin 25pg/
ml, tetracycline 12.5mg/mle #}¢ e},

3. MW U HE

Lysozyme, DNase ], RNaseA 3 agarose
type Nt Sigmafllfng A1&5%ch. SHREHR
EcoRI, BamHI, Pst], Hindf, Sal], Pvu |
9} T, DNA ligaser= Takara Biomedicals®shg
T A-23l9 2, plasmid pBR 322%& Bethesda
Research Lab. Inc.2 28] 9] A£34c 2

[Vol."22, "No. 3

DNA+ Ray Wugo] Jjgkol oju} E. coli W
1485(Ac 1857S7)<1 4] 2 phages £ A% o
714 & - BA s A
4. DNA2| #ilti - M

Cellulomonas sp. CS 1-18#E 0.5% CMC-
MS medium 50mloj 4] u} 9}l Armentrout 2
Brown(1981)¢] Fikol o}zl chromosomal DNA
£ % - 2984k

old] 3¥ M3tF TE buffer 10mM Tris, pH
7.4, 1mM EDTA)o} 54 38te] 50mluf oFed ol 4
AT wHEW= Y8 250189 chromosomal DNA
% dgiet

E. colio| 4| plasmid DNA9] #hiH - SigE H-
olmes R Quigley(1981)2] boiling methodz 3}
A=}, E. colig} plasmidE ZZA7)7] gaA=
LB mediumo] 4] Asgy=0. 601l 4 170pg/mls] = &
chloramphenicol & 7}8}3 thA] 37°Col A 184 7+
wj o}dtdel. Cellulomonas sp. CSI1-18§#ke] pl
asmidfEZEA S 4719814 Kado ¥ Liu
(1981)o)) )3t alkaline-SDS uhy o 2 3}¢ic).
DNAZ g 260nmell A F3+x2 39 o} (Davis
%, 1980).

5. Recombinant DNAS| 455 & transformation

Plasmid DNA pBR322 5pg¢ 10~20 unitsg]
BIREERS @7 50plRpEHK AN A Takaragte] K
Mol ohel REEA Z ol REEH KEF phe-
nolz 39, chloroforme = 3¥ #hHslz NaCl
€ 0.25M HE E 513F 2EE K& cold ethanol
(—20°C) ¢ 7}sted 4= dry ice-methanol bath
ol A} 307 A A A7 v}, microcentrifuged] A &
LY A4 DNAE 587 AFAzsd
0.2pg/pl7t 5] % TE buffers] =i c}.

Cellulomonas¢] chromosomal DNA 30pg-& 4|
MREEFK 30unitsz REEA7IHA ArldEoz &
At MyFWEA AL o gL Hkoew F
Z WHAA 0.4pg/pls]A TE buffero) %g o).
A—4BaEERL A 3g vector DNAS} chromos-
omal DNAE 27 2uge} 4pgg 3 8lo] 30ul K
¥l A4 T, DNA ligase H##& T4 KEAZ
o}, KiffE#- Goodman 2 MacDonalde] 5k
o =3kt

2AW E. coli HB 1019 HE#H#HELS CaCly
2] g heat shocke] 9J3l T Fupyl oz slgch
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bl o @ biii-e W2 LB agar mediumol]
soukalel transform'\uon efﬁcxcncy” A sk,
replicas] 2} s}l recombination & &4 &<l 8l
v},

6. Cellobiase gene # A clone2| RE

Lizationsl DNA% E. coli HB101o] BH K
3t 4 cellobiase geneo] %413 cloneg A 3}7]
95t JEEHms E. coli HB 1013 #8, %
cellobiase ML liquid mediume] A 38 &3 F
t}4] cellobiose ML agar mediumel %43}
I~5H 7 HEIFE Azhd colony® HigHRE
HRABE A ¥dsigich. 7 colony ¥ cellob-
iase MS mediumof wj ol fEo] FEAL
Aeiste] of & W82 55 plasmidE A¥2 4
7l 2 HRAER 3 BEYd Y F HEMHR
o2 HF At

7. BEHM=] HE

E. coli HB 1019} cellobiase geneol =9i#
cloneo] =) cellobissedd 71§ 243517 Y84l =
o] recombinant@it2 LB brotho] A stationary
phasert ] wf k¥ #Esl SIEAEBWAKE Fd
4 H3tE g PM buffer (10mM Sodium pho-
sphate pH7.0, 5mM MgClell #HelA 7z of
kol pmle] PNPG (p-nitrophenyl-3
yranoside; 2} 0. img/ml&od 0. 2mlE sl
30°Coll A KA Ak, @A A 7HE IM Na,CO;,
4o 0.5mlY ZhgS ED BIERS 120nmof A
WS A8t ol ZAUA Aol 1904
PNP {p-nitrophenal) £ 1, 107 gmoleel] 3] i}
cellobiase 1unity PNPGE Haldlo 1459 1
n mole PNPE 4 A3l #fel Roz A3

-D - zlycop-

BR A ER

. REFEBES

uixi cellulomonas® plasmid ZA o] Y4 &AL
st ot plasmideE A Z5H R gkt o]y
Cellulomonas sp. CS1-1o1 4 A A & chrom-
osomal(ch-) DNA& plasmid pBR3229] st (i(&
o b AebirE b3 HRAYAQl Eco RI, Bam
HI, Pst [, Hind §, Sal 1, 2 Pvu [ 2 %
'+ Atetol ch-DNAS /p@fig& ¥ otet(Fig.
). = 23 EcoRI, Hind § & Pvu [f2 A

2! transformation
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Fig. 1. Agarose Gel Electrophoresis of Cellulomonas
sp. CS1-1 Chromosome DNA Digested by
Various Restriction Enzymes, Lane A; chr.
DNA, B; chr. DNA digested by EcoRI, C;
Bam HI, D; Pst I, E; Hind B, F; Sal I
and G; Pvu . Lane H is EcoRI-digested 2
DNA as a molecular weight marker.
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2. Collobiase gene recombinant plasmid2| 2
2 ¥ wEH

Ligationgt recombinant DNAE E. coli HB
1016 4 AARTF {e S OBH ol &
M ki 18] A "&F 0.5% cellobiose ML
mediumel 4 3~19 7 78 v QFasieh 2 At
Mg Sal [ A el lizationdl cloneo] A gh
ol & Ageh ol cloneg vhAl H—HIKS)
agar plated] Eato] 37°Col A 4~54 7 Wi
6]—@1 207) o] single colony®& 4% th. ol &
% g% ampicillin resistance 9 tetracycline sen-
smve% 2}l 8} = 0.5% cellobiose ML medium
ol 4 7HA AdE WS ARstd o] WelA
plasmid 2 sl A g 5o Helsle pla-
smido] && pSB22 = atch. Sal | #iBRE%
#9019 e MR 9% 27 ch-DNAY
cloninge] 7% cellobiase geneo] %.¢] % recom-
binant plasmid€ =y cloned #3 &F7t gl

v},
E. coli HB 101(pSB2)¢} plasmidE £23}4
Sal | #IBEE#E Alsd AZ/GET AAc
Fig. 29} 7tch. 2 Z#ol 4 pSB2% Sal [ o=
Al g ou) ok 4 tkbe] pBR322 plasmid Hizk
bandslol G.4kbA £ 9] insert DNAS} 24 && &
4ol 3 DNAS =y|¥ Armentrout 3 Brown

colony

A B C D E

Fig. 2. ldentthcation of Recomibinant Plasmid by
Agarose Gel Electrophoresis Lane B; pBR322,
C: pBR322 digested by Sal | restriction en-
zyme, D; pSB2, and E; pSB2 digested by
Sal . Lane A is EcoRI-digested 1 DNA as
in legend in Fig. 2.
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(1981) 8] clonings) 4 £ 25kbe] DNARf o ¥l
& A4 A Helch

plasmid pSB2& ciA E. coli HB 101 &
A 514 A ampicilling§ LB mediumel] B 5471
colonyi+ zA}at At HBEHKES gastgdz pla-
smid pSB27} v ¢ K&iEel ¥E£E& AT &
919l c

3. Recombinant plasmid pSB22| restriction

mapping

Vector pBR2 3224 4 &t Atelut FEiRUIEHsE
Eco RI, Bam HI, Pst [, Hind B, Pvu 1 %
o 2 recombinant plasmid pSB2& # & 3lto} o1 &
WK Ag5AA-E Fig. 33 2+t

Vectoro] A" DNAo| tial4 EcoRIS 3%
#Eres deRez vehes, Bam Hist
Hind JRB#&&Mpre telgt, Pvu [ ok Pst [
o WAFME AU RS Uk Pst
[ SRR R UL BiKS 271% 7.8kb,
2,2kb, 0.81kb& 4 Vector Pst [ sited o]v|
gzolong #HAY DNAY Pst | sitex &0l
aHA gagich

@A"Y DNAS 7 #IREEHS UMEE ¢
7} ¢} 8k Erﬂz\ FEs TR ESenA Wik
23 Vectorififue) 71&  HIRAY
aHfli = :A_’-fx°§_ 'ﬁﬂi#‘}i‘?\‘ Fig. fol M ¥
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3. Electrophoresis of Plasmid pSB2 DNA"Dige-
sted by Various Restriction Enzymes Lane B;
Sal 1, C; EcoRl, D; Bam HI, E; Pst 1,
F: Hind B and G; Pvu 1. Land A is Hind
B dgeisted 2 DNA as molecular weight ma-
rker. (37)

Fig.
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Fig. 4. Electrophoresis of Double Digested pSB 2
Lane B; EcoRI and Bam HI, C; Bam HI and
Hind B, D; EcoRI and Pst [, E; EcoRI
and Pvu §. Lane A is a molecular weight
marker as in legend of Fig. .
ol i 24 ¢l Bam HI ¢ Hind | A ¢
752 Hind Bo] @S 28z Pvu [ 9
EcoRI A e} 3t Pvu o (il 434t
£ Eco RI ¢ Pst | H2]z4 Pst [9 (&
MEERRE S k. o el At S3bele] HIRAY
Hhpldi xAebd Fig 59 #ch
4. Cellobiase gene2! Expression
E. coli HB 101 (pSB2)-&¢ LB mediumdl] A u)
okste] HEst 5ol 3 &3tel PM buffero) &t

. lind []]
EcoRL Ba? 11{1[
a

e
/s 1
s .
/’ pBR322

Pvu [ st 1
Pvu II

Hind
sal T ind [

Puv I1
Bam HI
Fig. 5. Restriction Map of Plasmid pSB2
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Table 1. u-Glucosidase Activity of Cellulomanas sp
CS1-1 and E. coli HB101 (pSB2)

Strains #-Glucosidase Activity

\b/htcr

Cellulomonas sp CS1-1 3,200
E. coli HB101 (pSB2;

whole celis 132

supernatant after sonication 87

Al A cellobiase 3 & =43t} (Table 1) o]
o BEREM-S literd 132unitsg =) Cellulom-
onas. sp CS 1-19} vl &= o} 250 19 #Ekol
Aok 2 Bh2ZA A4sEE @R E 43717
7} A €49}t Z cellobiase gened] =79 ¢ %
RERET BiE, £RY cellobiasef¥ K9] %
2t MNALERS FEMBSE S 559

2 1 AA
cellobiase geneo] A =l E. coli HB 101 (pSB2)
+ cellobiase & sole carbon source® & ML me-
diumol| 4 = gstg o, E. coli HB 101 (pBR
322) AL el A A3 AeA Zalgch
28l E. coli HB 101(pSB2)Z glucose® =
ggt ML mediumell 4] £ 4] 4 S} 9 v} mab
AREETE A debd e RFFol A YA

Lo+
L
0.8
0.6 +~ /
/
= //
//
0.1 -
! ;
0.2 e
/ . ./-.*‘1
L-,._ - Z_’_: PO Y ST S
0 21 13 nd

Incubation Time Ir

Fig. 6. Growth of E. coli HB101 _pSB2) on Minimal
Medium Ccntaining 0.5% Gluccse or Cello-
biose as a Sole Carbon Source
—:--:-— Glucnse, --e--e-- Cellobiose
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= cellobiase st o} pro-g

vhF ok A%l DNAYL fEBLE RN A gl
E. coli HB 101el] v 3 128S 27 $3ly
E. coli HB 101 7pBR 322)%} E. coli HB 101
(pSB2) & ML S 714 LB mediumo] A &E
S =4tel 434 pSB2 plasmidg 714 E.
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5. Celloblase gene&ﬁ‘ ALy

Cellulases= S BEIBFAA BEEOGHS
glucosed]] 293l repressiond oo, cellulosert
celiobiosedl] 9JsfA = FMgch vt HBRE
2] cellobioseo] 9} A& repressiong wti=c}
cellobiased] £HKE Z& A7 Feo] HEH
. 2 Ao} Ag3 Cellulomonas sp. CS 1-1
9} cellobiasefz el Mg ATl 2@ 4L
ol s ol ch

Celluiomonas sp. CS 1-19] cellobiase geneg&
74A E. colic A} 72 & 4ol vehvteAg o
23 stolaly] $latod E. coli HB 101 (pSB2) &
LB mediumel| §Zffi5t 2 late log phaseo] A glu-
cose Y cellobiosed 22t A 7lstol 247 A e

e ASLT FEHENESE ¥ Ase Table 2

]
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Table 2. Effects of Glucose and Cellobiose on Expr-
cssion of g-Glucosidase in E. coli HBI0]

£SB2)

. #-Glucosidase
Addition Conc. Activity U/ liter;
None 12
Glucose 0.1% 37

1.0% 25
Cellobiose 0.1% 44
1.0% 41

9} 7+eb, &7 A E. coli HB 101(pSB2)9 cellu-
lase§§ Blo] Cellulomonas sp. CS 1-19} u) Z=3}
A2 Gehadr o gAe MAL conulomon
as?] BET ﬁéﬁiﬁ@?ﬂ A AL& RS
Z el

a9 E. coli HB 101{pSB2)% glucosz ML
mediumel] 4] Bi#E8 2o cellobiasefEiko]l A&
vebvba] ofg o2 A FETEEY S s g5

A9

#H OO

ol il

F AL E ol A

K BT FURERE 1 ERRHR
& BfEaRen IR 25
e 2

=

Cellulomonas sp. CS1-129] cellobiase(f-glucosidase) {4 ;& 4=} Subxlel plasmid pBR322oy 57544 E.

coli HB10lel cloning4l 71 = = JEfT188B1-& Hfscstslclh.

Cellulomonas sp. CSI-1¢] < «1%] DNA% 238ty EcoRI, BamHI, Pst I, Hindll, Pvull, Sal] %< g

3to] pBR322% Vectoriz E. coli HB101o) & 233 45}

of A}k cellobiase gene2l Hffol ¥EHL gl o).
Recombinant plasmid(pSB2)+

B g sisc DNAS HIEE# s E 5

AaAg A vlAHE %3ten] f-glucosidase activity=
glucosee} fifiell 213 A&l & ‘o] cellobigseo|l o] iyl

E. coli HB101{pSB2)2] cellobiascd] 4: HK-&
oA k.

5l B X &
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