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Synthesis and Secretion of the Endo-B-1,4-Glucanase from
Bacillus subtilis in Industrial Yeast Strain
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Doosan Technical Center, Yoido P.O. Box 80 Seouf 150-070 Korea
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Abstract — DNA segment encoding B-1,4-glucanase of Bacillus subtilis was fused in frame to
mouse a-amylase signal sequence behind the alcohol dehydrogenase iscenzyme 1 gene (ADHI)
promoter of the yeast expression vector pMS12. To enhance the expression level of the B-
glucanase gene in yeast, transcription terminator sequence iso-l-cytochrome ¢ gene (CYCI)
was inserted into the recombinant plasmid. The transformants harbouring such recombinant
plasmids secreted B-glucanase into the culture medium. The expresstion level of the B-gluca-
nase gene was increased about 2-fold caused by inserting the terminator. The amount of the
secreted B-glucanase in culture medium was approximately 60% of the total quantity synthesi-

zed.
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B Ao A= Bacillus subtilis®] B-1,4-glucanase
B-HAL(17) ol Saccharomyces cerevisiae2] alcohol de-
hydrogenase isoenzyme I %32 ADHI) promoter
S AdAdA 7| o] EujalsAd thale
salivary a-amylase A28 Fujilsqd-S HEA
FHAA A o= YA B RQ) Saccharomyces cerevi-
siae 54o A1 2] |5 AlE3dgow A3S S A]7]
7} 30 Saccharomyces cerevisiae2] iso-1-cytochrome
¢ +ARCYCH S AAMEZEAZE 718t 5 12 &
A5 vl F33hg] el

mouse

nFEe EckAoje
AFel] AFRE Al R obF QAP AR} EelAv
E = Table 13 7t}

T4 S OAIS

Aeta i W vl 8452 BRL Life Tech.AF2}
SigmaAtel 4 9] &ted o™, vl 2|8 A]ekL- Difco Lab.
9] A|FE-L ARE3giv)k 1 o9 AlbEE o oA

248 AekS Abgstelch

ARE weuekstr] Al YPD ezl (yeast ext-

ract 1%, peptone 2%, glucose 2%)& ©]-8-&}% ow

Table 1. Yeast strain and plasmids
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248 Sl ERE wjepe
ufj ol = SD w2} (yeast nitrogen base without amino
acid 0.67%, glucose 2%)°l 0.2mM<2| CuSOE #
7pste] ApR-sholct. Al shA o] 13} ADEwi R =

SD wjj x|l 2%2] agare} 0.4 mMe] CuSO,7} # 7}
& AHgstelon 221 A ool BSDC %
(yeast nitrogen hase without amino acid 0.67%, giu-

B-glucanase 715

cose 2%, carboxymethyl cellulose 1%, 50 mM so-
dium phosphate buffer, pH 6.4) ¢l % 4] 2% %] agars
Wohstol Ahgahelch

scfAn|Ee] +d

23 Fepav|eg FASkEd 283 25 A
e F2 Maniatis 5(18)9) #y-& wpsiom,
Agras 2 2 ouke] DNA H B A5 4334}
ol A w3k Hhol mef ARE-SHsich

22 HAME Y HIXEH] MY

B Ag A oln] BRIt vk (19)e] we}
AdAlslel o 12} Adwel R]el 4] 2ty colony &5
22} Alwul =] 9ol toothpicking®t § 30CollA 1~2
7t wjekstn Abebtl- colonyES B FHTE
A=gE £ 0.2%2] Congo Red #--8 7}stgich 54
A ubx|gk FHoll 1M NaCl -Sejoz2 2~33] A3
stod F A7) Akl %ol clear zoneeo] A% co-
lonyE AlE3}ict o] & 0.2 mM<e] CuSO,7F A7hd

Strain or plasmid

Genotype or phenotype

Reference or source

Yeast strain

S. cerevistae 54 wild type, triploid

Plasmid

pUC1S Ap', lacZ

pGEM-5Z{(+) Ap', lacZ

YEp36 CUP1, LEU2, Ap', 2u on

pMS12 ADHI promoter,
mouse a-amylase gene
Trpl, 2 u or, Ap'

YEpGCU GAL1-GAL10 promoter,
CY(C1 terminator,
URA3, 2u ori, Ap'

pBAG3 B-glucanase gene from

B. subtilis, Ap’

Doosan Culture Collection

New England Biolabs, Inc., USA
Promega Co., USA

Butt, T.R. et al. (23)

Olsen, Q. (24)

DR. Kang, Hyen Sam

Seo, Y.5. ef al. (25)
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Al Bzl §lo] Al=el S g iglo g
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DNSH,;}-P.,.E ZA43tAch(26). o] v &4 1 unitw
T lumole?] glucoseE HAHAIZ F g+ 549
Fo 2 it

Az ¥ 03

TH[ME MY E B-glucanase

Bacillus subtilis®] B-1,4-glucanase §#4
gl G718 FA" AHA 9 Fejalgadd-g
signal peptidase2] <14 7}& “’«47} 27 A 2] o}
e Ab Aladl| 4] A12b=E 32 218 7 )= 20 A o)
) 4kel Alagl 308A obn]i-4lal Val.e] Ag 9]
=tal B v} gledl A3EEL Pstl(%d7] 41 +88)
o= AMElshd EujalEalde] At oA "Hoi(20).
A= 4570 9
zka glew Agh

FEXIe| A
A= 877K

zt3l 9] o

¢t mouse salivary a-amylase
A7|= o]Fo|z FulAlT AL
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B4 Apale 2 xelebd BwlAsad w2 cho)
e v}7bA =EoH(10). Mouse a-amylase -§-213}<]
PjAlZ g AbA o] Eujilsalde] A AL B-
reading framee] YW= 23}
3l7] #1824 multiple cloning site® H.-§3l1 gl&
T T Fethvl= WEE o] &3led). WA pUC
192) Pstl <12%-2]ol pBAG3E Pstler Aurld)e]
A& 24kb =712 DNA (HE =918 3 Y3
Adubdke 2 N2y Setav| e st pUC
19B=ta 9 ™dled v} (Fig. 1, 2). pGEM-5Zf(+)E =)
gtA A Sallz} Sphl e B F Al AHctslt 5 pUCI9BE-
AAl AZrE - Sallzt Sphlez Ao Addl &
A7)= oF 24 kb =Z7]2] DNA w313} A 3FA]AA B-
glucanase FHALe] 5'% rho] Apal <2397}
EE S o o5 pGEMBzly #3lgict
(Fig. 1, 2). 3¥H ADHI 7 #}2] promoter?} mouse
salivary a-amylase T35 2}7} dite]oir] F 3
o sle =2 SobAav|= pMS124] 4k]4 AR 2]
T4 AR o] &% ¢ e

glucanase® f-HA}E

+ copper metallothio-
nein FAXHCUPL) & =317 $isk YEp36E A3t
B4 BamHI® 2 AHclsled 918 1.35kbh #=7]2] DNA
AH S pMS122] BamHI A1 F2]ef Akl A1 o (Fig.
1. olgA defxl Ax3} Fetir|= pAMCIE Al
k8 4 Apalat Hindlll 2 5] Axlsle] a-amylase £
coding regions A7 & dolgls HnlAls Al
Foll A pGEMBe|A Hehd 1.77kb 3712 Apal-
Hindlll 29 H3+41Zck pAMC1E Hindlll2 %
23S uf &2 2y DNAZY &4 &) JoA =
B2 13k A=l pAMBA2 po Hindlll 2141590
pAMClel|l A4 F<psll 5] 2y DNA 82 gniE
ke e AIAAX Axy Felivl= pAMB1E
st skl oh(Fig. 1).

HE)]E A z23h= Aol 4 B-glucanased] 5% gt
el Pstl gl A1 52 e) k&0 2 A §ha A Astlle} Sphl
AHF7F 712 7hEe] HvH(Fig 2). u]& £n]4l
A9 P B-glucanase F-3H A} Alolof] o 2] 2 o)
F7hE Yl 2he stop codon -3 %be] whwiAle] Sz
oAb el HAAH s & 4 gle co-
dono] EA3l=] 7] wipoll MR ZHepirv|=s}
A2 288 = 9lS Zleo|ch ADHI promoters}
TH|AS MY o 328 A4

B-glucanase
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Fig. 1. Construction of the recombinant plasmid pAMBI.

Blackened box shows the B-glucanase gene, hatched box shows the mouse a-amylase signal sequence and dotted
box shows the promoter region of ADHI gene. Arrows indicate the reading direction of B-glucanase gene. Abbre-
viations: MCS, multiple clonding site; CUPI1, copper metallothionein gene; Ap’, B-lactamase gene; TRFPI, RP-anth-
ranilate isomerase gene; 2y, yeast Zp sequence.

BE2 Fig 3o vJeh} glrh o7 ezl CYCI locus?) HAE4 Al3 & pAMBI
o] B-glucanase +#AF 3 FH wetel] Kz} sz
MALEZ AlS9 =7} gtedch pUC199] multiple cloning sitedd] <&

Eei¥ B-glucanase 3 x}e] HIgS S| A]¥]7] Smalel ¢l2] 890 YEpGCU2] EcoRV-Scal A (57
H3l|, ERANA] EAQ HAEAS 3} 5 e A bp) & YAzl 3 3= whdke & FAE gt
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B-glucanase
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Fig. 2. Inserted region of multiple cloning site (MCS) in pUCI9B and pGEMB.

Blackened box shows the inserted region. Arrows indicate the reading direction of B-glucanase gene. Abbreviations:
MCS, multiple cloning site: A, Apal: B, BstXI; Ba, BamHI: E, EcoRL: H, Hindlll; K, Kpnl; L, Sall: M, Saml;
N, Ndel: Ni, Nsil; P, Pstl; S, Sphl; Sc, Sacl; St, Sstl; T, Aatll; X, Xbal.

EcoRl
ADHI promoter ———

Start codon

—————— —~+ GAATTCCGGGAAGAATACTGCCAACAGCATAGCAAA ATG AAA TTC TTC CTG CTG CTT

Apal Antll

Met Lys Phe Phe Leu Leu Leu

Mouse o —amylase

Sphl Pst]

- ———]————t———-- A -glucanase
TCC CTC ATT GGA TTC TGC TGG GCC CGA CGT CGC ATG CCT GCA GTA————— —
Ser Leu Ile Gly Phe Cys Trp Ala Arg Arg Arg Met Pro Ala Val
mmmmmmmmmmmmmmm .
signal seqence 1
cleavage
site

Fig. 3. Sequence of the signal peptide coding region of recombinant plasmid pAMBI.

Eg}an| =2 A sle] pUCI9T = ™ shod th(Fig.
4). £8]% EcoRV-Scal A H gtoll= CYCI A 7H¢]
AAFEZA "ad #9725 Eoiglvi2l). pA-
MBA2 p& AL Himdlll2 AxrdE ¥ klenow
fragment® 2]2}8}5. o}3ltell pUCI9TS] EcoRI-Sall
A3 (610 bp)& 4| fill-in A]AA] A=Ak A4

Z7X% 7} B-glucanase®] FHApEEFH Folubiko
Akl gl A x:§ Zebv|=g AlESke] pAMBAZ p-T
2}3. gulstedck(Fig 4). 38 Sl Hindlll <14
17} fill-in ¥l &=l Ale]dl= Hindlll 314
7} a2 A 522 pAMBA2 u-T2] Hindlll
Hejo] pAMCloEHE] 348 2 HAS A
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Fig. 4. Construction of the recombinant plasmid pAMB3.

Blackened box shows the CYCI terminator, hatched box shows the mouse a-amylase signal sequence and dotted
box shows the promoter region of ADHI gene. Arrows indicate the reading direction of B-glucanase gene. Abbre-
viations: MCS, multiple cloning site; CUPI, copper metallothionein gene; Ap', 8-lactamase gene; TRP1, RP-anthra-

nilate isomerase gene; 2y, yeast 2 u sequence.

Jupsko 2 malsled Ajz§ Zelrw|= pAMB3E 438 FAAY ARl Saccharomyces cerevisiae
kA3 s}od e} (Fig. 4). b4+ °]ul g}l auxotrophic markerx® zrv ¢l#] ke
3 +A=kel CUP

HAHEMe| M 1 #7372k}t YEp Alde] 9eF o] &3l 3FAA3



Fig. 5. Secretion of -glucanase by transformants con-
taining the plasmids pAMBI or pAMB3.

A: Yeast was grown 1~2 days on selective medium
containing 1% CMC. Cells were washed off before
staining with a 2.0% solution of Congo Red.

B: Concentrated yeast culture supernatants were drop-
ped in agar plate containing 1% CMC. After incubation,
the plate was stained with 0.2% solution of Congo Red
and washed with 1M NaCl.,

AE A AEs £ 9lr}(19). CuSOu7F =% 3
Al x| A w]arA AHog A xleht s conolyE-&
BSDC uljz]<}] toothpicking¥t § Congo Red testE
A A8 A3 A= slE) § 2] colony?) 9= o=
clear zonee] A% Z-& #HAY 4+ ﬁlﬁi-f:ﬂl o] =
AR AWPAE B-glucanase”’} A Fuoez F
Blxlo] A wix|Wje] CMCE Fag HasE HoF<
7o) e} (Fig. 5A).

B-glucanase”’} A A Z A|EHoE #H]Q‘ﬁ%?}-ﬂ—-
£ o] #FQslr] ste] FAHASAE wiokst F vl
of At ol-g 10v] AE rE3sle] BSDC iAol A
Halsl 34k 59b incubationdt A3} 94| clear
zoneo] A 712 gald & ¢l (Fig 5B).
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Table 2. B-glucanase activities of yeast transformants

Transformant B-glucanase activity (units/m/)
Extracellular  Intracellular
S. cerevisiae 54/pAMBI1 0.30 0.20
S. cevevisiae 54/pAMB3 (.58 0.39

B-Glucanase2] BI& 3 FH|

B-glucanase®] <A7+8 #Heldl7] $8] carboxyme-
thyl cellulose 23] -2 PAAA7I= 58HE 5
zysledcd, Table 26|41 ¥.32¢] pAMB13} pAMB3~}
wolsl aAAsHA o)A B-glucanase”} uj okl
o7 Rulglgeon] HA AA4Yrt T AEyree F
v]% v]-8-2 oF 60% A=t AR 9 a-pheromone
HulAl g AD-E8 o] &3} Bacillus subtilis®] p-1,3-1,
4-glucanase S A T4 BB]A|FE dwloi= 85%2
227} %H]%‘Zﬂ\_ﬁi 2 ¥ vl gl (15), mouse
a-amylase= Saccharomyces cerevisiaeol| ] 90% =
7} AEdte g Hugcky B vl gl=dl(18) of
off wjah B AgoA FAH MEF Febir|so
EA s ] AAls vAEH(H o)L o|okr|F ¢
olr]. 2} Rl A o] FehlAe] F-9|¥ = 7|22

-y *“]i}ﬂ"é% T} & =
Fol F/F Foll web HHd 4FE we AR
odedx] ol7] wiiel ded vlaes @ 5 glow
Fu| A A B-glucanase ©]#je] oiE whAe] A

A2 £qlalge Wel: ohE A3t s S ek
9d HHAEE 2477 A8 AAEANEE
yrhsld e welt WA Exeizirt 26 A1 Fo}
shele 2ul nlgole Wl slsieh

B ARNE TER AL EHFEY ¥
[edae olgstel AL dAUE A
29) Avold FrlAzid, AJACE f8¢ &
el gol AEE A e Ale ae
e EES REREIREEINE SR REREE
ol 43l W X THos wAsier B el
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Bacillus subtilis®] B-1,4-glucanase % AF2} Sac-
charomyces cerevisiae 2] alcohol dehydrogenase isoe-

nzyme | % x(ADHI) 2] promoter2} mouse @-am-
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