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Abstract: In this study, a EXGA gene code for exo-B-1,3-
glucanase from Aspergillus oryzae was overexpressed and
secretory produced in Saccharomyces cerevisiae. To overexpress
the B-1,3-glucanase, pGlnu-exgA and pAlnu-exgA plasmids
having GAL10 and ADH1 promoter, respectively, and exoinulinase
signal sequence (/nu s.s) were constructed and introduced in
S. cerevisiae SEY2102 and 2805. The recombinant -1,3-
glucanase was successfully expressed and secreted into the
medium and the B-1,3-glucanase activity in 2102/pGlnu-exgA
and 2102/pAlnu-exgA strain were 5.01 unit/mL and 4.09 unit/mL,
respectively. In the 2805/pGInu-exgA and 2805/pAlnu-exgA
strain, the $-1,3-glucanase activity showed 3.23 unit/mL and
3.22 unit/mL, respectively. Secretory efficiency in each strain
reached 95% to 98%. Subsequently, the recombinant 3-1,3-
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glucanase was used for ethanol production. Ethanol productivity
in 2102/pAlnu-exgA strain was 0.83 g/L when pre-treated
Laminaria japonica which has initial reducing sugar of 1.4 g/L.
was used as substrate. It is assumed that the polysaccharides
of Laminaria japonica was effectively saccharified by
recombinant B-1,3-glucanase, resulting in increase of ethanol
productivity. These results suggested that recombinant p-1,3-
glucanase was efficiently overexpressed and secreted in S.
cerevisiae SEY2102 as host strain by using ADH1 promoter-Inu
$.5 system.

Keywords: -1,3-glucanase, ADH1 promoter, GAL 10 promoter,
Aspergillus oryzae, Saccharomyces cerevisiae
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k=0 2 7 AR O F = alginate?} laminaran 1231
F 47221 mannitol©] 10, o]52] AR H]E-2 AF A
7] W F, Ao wt 2jolE HeRlt,

Laminaran< 53| laminaria 2] A4 182} b5
A A7) AA7)ele o] Ao AsTldlE dE
= 9 20~30%% A% B} [1]. F2 B-1,3 linked
D-glucose = ¥|o{8li= polymer (glucan)= ¥]o]glom], okt
9] B-1,6 g A} 212 D-glucose ©]2]oll HFF (2~5%)
©] D-mannitol $H3k1L QJt}. Laminaran®] &-5491 ARE-
S $J3IA1= laminarans- glucose @ A3AAT= F3} 2
o] A=A 91|, laminarans w3h= EAFEE exo-p-1,3-
glucanase 2} endo-B-1,3-glucanase”} $It}. B-1,3-glucanase
+ B-1,3-glucan 17+ o2} B-1,3-glucoside N4 2] B-1,3-
glucosidic bond®] 7FitellE X7 | EAE W5 A
9] glucosidic A7HZHE ] 28 st I ¢
g T2 Xgste] vlo| e wsl TR A de vk
SHAl ARSI [2-4]. S WS ARk Sl QlojA] B4l ot
o] S =01l oHe] FAIE Yo7 Bglucan®] 1Ak
AFs AN A AAEed AEEe] TV E=o=t
B-1,3-glucanase”F ARE-=| Tk HarE|ar Qlut[5]. 2RI At
of] QAAX= Saccharomyces cerevisiae®ll¥] B-1,3-glucanase
= PLAAA 919 nE FTRATEH el R AREE S
o} [6]. & AFNM= Aspergillus oryzae+22] exo-p-1,3-
glucanase = codesh= EXGA -4} (ORF 1.3 kb)E A&
SF3TE. ExgA orthologs™= Magnaporthe grisea's2| =&
W] 57801, S. cerevisiae's2) yeast, A. oryzae2] Aspergilli
S st FEol A, 1 T S. cerevisiae®] ExgA
orthologi= = B-1,3-glucanase S 7411 Ut} [7-11].

AN 75 S cerevisiae’= 1 YEAELL FAFSE WS &
FAA7} 910 folding, disulfide A3 % Wz o] x9]
710l AAMEHE ket =5t g R = ofidstel Hls|
AR AT S o a8 0% M o R #H]
AAkste] dalA o] F2] Ao E3-& & o T [12].
AA7HA] ollehg el Ao ARGEUE e
S. cerevisiae2} S. uwvarums-2 EE @Fo|H, o] 52 Wa
= st 71 EA Tyt o2l glucose, sucrose T
ez ez o]gsly] uiitel g o83t olleka ke
SelM= Gelbdo] darzolw dat AkERl ks et
<5 g7 A3k 4 9lS Zlolr} [13]. 12| 2% laminaran
< 7R ARESle] elgks ABdE s] Sl el &
S4Q1 Ftasrd] Agite] eFrETt aR A glucanases
IFA A7 o|Z21= 8. cerevisiae2] exo-B-1,3-glucanase -1
2}, Bacillus subtilis endo-p-1,3-1,4-glucanase 1A} 12|31
Butyrivibrio fibrisolvens endo-p-1,4-glucanase 4= S|
BN I AR A7E AT [14]. B3 wiA] Fel)
A7k laminarans ©Hd3IA7]7] $I8AE B-1,3-glucanase
7F WA= Ha)E|ojok sh, B4k B-glucanase o] E-E7]
AAE A= AR S Eudste] Aot aR e
FE] A whe] Fupgaks Qs &R F] A
A& o]8sh= o] @&Aolrt [12]. WA # Arelrd=

Kluyveromyces marxianus exoinulinase -4} (INUI) [15]

O] W] AT AMES o]83to] S cerevisiae B HEAZ
FE #IAUE exo-B-1,3-glucanase 2] G529 0] YAS
A=A}, B B-1,3-glucanase”F ANE3E © AR Aol
GAL10 promoter 3= ADHI promoters A3t B-1,3-
glucanase 2] A¥24]Q1 ILAAE F53lo] HE aWdT
4 promoterE A'Hstal FHof 0SS Hol= WAL

B3 TEI] otk APl ol 55t

2. 45 28y

2.1. AF23+5 2 plasmids

Plasmid 7% Y 535 $I3t Escherichia coli <A+
DH5aE AME-SI1L, 4. oryzae 22 EXGA 534} [11]
WS 9ok % A3 invertase A< WO|F (suc2-
29) 4 uracil ¥ WolF (wra3-52)°1™ haploid<!
S. cerevisiae SEY2102 [12,16]%2} S. cerevisiae 2805 [17]E
AREEIITE, BN S. cerevisiaeXV EXGA F7dAFe] whd &
S8l 52 promoter?] GALI0 promoter2} 7-d2] promoter
Ql ADHI promoters ©]-8-5}31 0 |33t Tzl o] Fh]
RS s HEA 752 18l K marxianus exoinulinase
signal sequence (INUI H|ALQ)E ¥36H= pYInu-CTI1
vector [12]2} pVT-inuCT1 vectorS AFE3I3AT}. ©]= plasmid
= AEISEAIE URA3 FAFE gHratal lo] uracil FU4e+
A WolE ARAIE (ura3-52)5 AR ARESE 4= Qo

2.2. A =¥} plasmid 1= 9 FAAFH

axolq INUI 8] D (Inu s.s)2 GALI0 promoters
0|43l EXGAE WalAr]7]7] 13t plasmid 1752 pET21b
vector (Novogen, USA)®ll EXGA A7} =9]1% pET21b-
exgA plasmidE T O = primer-1 (5-CTCAGATCTTTA
CCCCTTTTGCTCT-3")¥} primer-2 (5'-GCTCTCGAGAA
GCTTTTAGCACTGCTTAGGGA-3")Z o]83lo] EXGA +-4
S SESIITE Bofxl WAL Belll/Sal 1 2 A 2]skal
Bgl l/Xho 1 A& 20l oIl pYInu-CT1 [12]2] CELA £-3
A= EXGA AR A 3AA pGlnu-exgAS 753100}
INUI 58] M43} ADHI promoterS ©]8-3F EXGA 34}
o] Wk 918t plasmid 752 pGlnu-exgA plasmidE 3
O = primer-28} primer-3 (5-GCTTCTAGAATGAAGTTA
GCATACT-3")= o]&3lo] INUI H1] MLS F318F EXGA
FxkE SESISICE A% WAL HindIl/Xba 1 02 A2
st FL3 AlgtaAhs AMESE] pVT-inuCT19] Inu s.s-
CELA 532 ool Inu s.s-EXGA 5Ax7}F 2|8 pAlnu-
exgAE 75515t 755 AIE3Y plasmid= E. coli DH5a
oA FF, FEEHULL, S. cerevisiaed] BAHAZ salmon
testes 11-2112] single-stranded carrier DNAS ARE-Sl= 118
& A% FAH (18] olgsIlrh

2.3. 8|7 =4 ¥z
S. cerevisiae T7-2] T2MIA|Z= YPD B4 (1% yeast extract,
2% peptone, 2% glucose)E AF2-5131 2™ GALI0O promoter
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S AREEE A B 55 Alelli= YPDG HIA] (1% yeast
extract, 2% peptone, 1% glucose, 1% galactose)& A5}
%31, ADHI promoterskie] A} W& Alolli= YPD HIIA|
= ARSI gk o] S 919k HiAE= YNBCAD
HIA] (0.67% yeast nitrogen base w/o amino acid, 0.5%
casamino acid, 2% glucose)E AFSSIATE AZT &5 A
5 mL YPD HIF]olA] 16~24A17F -5 2nfie $F 5250 mL
flask (working volume: 50 mL)®ll 4" (initial ODggo 0.1)
51o] 30°C, 190 rpmeilx] 48417 HieksISITE. ThAlrt A2
FohS o] 83t ofjgke- Hhgolli= tiAlv} 22 1 gof] 1 N HCI
2 A 3 BAaeS =ol7] 918k 121°TColr] 308 H<t
18k Hatsielek. A st thawf G- NaOHS ©]88
o] pH 7.1% F3alglom, HE F95 50 mLE sUsH
e wiA= F7HARL 714 8] 7 glo] AF A
S CRAJUNES: o] 85131 0 YPD XA Zulerst o=
£ 500 mL flask (working volume: 50 mL)®l| &35} ollgk
< Has st

2.4. FA %= U Plasmid ¢t A

A FE DA AAF S ajekl s A HlE=
3|4j&te] H-44 5] (Shimadzu UV-1601, Japan)S A%
3] 600 nmollA T3 52 =430k Plasmid QHIAlS
Hijekols: 2s] 3|Aste] YPD Hehafol kst 9 Ak
°F 100712] colonyE YNBCAD HUIA|E toothpicking &t
Uk 9743% colony 9] H] (W28 = SIS

2.5. MUG plate assay

Zyzye]l g PAAgA o tiste] =2 B-1,3-glucanase
S 7 FAAEAE ] Q13 plate assayE
FIEFITE. B-1,3-glucanase 2] plate assay= 3l MUG (4-
Methylumbelliferyl-B-D-glucopyranoside) (Fluka Analytical,
USA) [14,19]7} 714 = AR R1aL, YPD sg¥hai|olA 2=t
FA8Al 0.04% MUGS 1 mL 2~Zlo] 3§ 37CefA]
10327+ HESAIA UV7delr 9] whgo s H|eds SR1sigit).

2.6. ALY K p-1,3-glucanase B4 S43 FH|a &

Al 9] o] FAE vlasr] flete] AR A3 S
HjFeE 13000 rpm 02 AEe|ste] ui et A
A== Wrddnk Ald] 85 271 218l oA JdES
zymolyase 100T (Biosh0p®, Canada Inc., USA)%} 20 mM
PMSF solutions 375101 37°CollA] 1AIRF HES- AIZ1 3 33
&<k vortexingstil gt e dS e o o
A ow wsto] A gl oF-5 ERIsISIt B-1,3-
glucanase & 574> DNS (3,5-dinitrosalicylic acid)H
ol galo] ATEABINNCH [20,21]. 4 B SHS 98 1%
laminaran (Sigma, UK)& 714 = ARSI O §480S
A7l 40°Celld 10.23F RES- A171 5 DNS-&4-& 7F
3t} 35771 boiling 3t § icedl] 537} cooling ol At
I 600 uLE Z7Fste] S 550 nmeld B8 =931
o} ol §40] &S 1% laminarans ©]-2310] 40 CollA
1329 1 umole?] glucose S Atz @40] oFS 1 unit=

Aoletglom EFAYFAOE 0.2% glucoseE ARSI
o} 72} G452 Y| EH (secretion efficiency)< A G4
A (AIEES] D2 + Al EA)ell oigh Alere] a4 84
HIE W& 2 YeRQIch

2.7. SDS-PAGES] 9)3t thald 3}o)
g gkelS 913 LaemmlitH [22]°] ©e} 0.1% sodium
dodecyl sulfate (SDS)2] A 3tellA] 10% polyacrylamide
gel electrophoreis (PAGE)E T-34313ic}. 712te] 27d%t
Aol dhal] vk S 100 pLE FANZHES AH-3o]
ok 20 uL AE= 55310 15 uLE loadingst3l 0w, 7]
%50] £t SDS-gel-> Coomassie Brilliant Blue R% 4
slo] whlzlS SRlsgit.

2.8. g2 WY 3

AE elbEe] RS el mikd AlEE Al &
’Fs NS gas chromatograph (GC)E ©]-&3t] #4313t

GC+= HP 5890 series 115 AR&-sI31aL, A2 HP-FFAP
capillary column (Agilent technologies, Canada, Cross-Linked
PEG-TPA 30 m/0.25 mm/0.25 pL)2 A3t} o5t
£ NoE 0.6 mL/min 5502 ARSI O, 790 &5
150C, H&7] 2% 200C, o2 2712 50C (1.4 min)/
(10C/min)/60°C (1 min)/(25°C/min)/100°C (1 min)/(50 C/min)/
150C (1 min)°] ATk 20 70 - 12 o Uy ¥
EAE 1% (v/v)2] isopropanol= ©]-8-5}3IT.

3.8% 9 1%

3.1. B-1,3-glucanase Y@ A ZF plasmide] 7=

B e 2] ADe o838t EXGA AR A,
TdAo R W - FH|A]7]7] $18ke] GALIO promoter £}
ADH] promoter 57l ZFZ} exoinulinase signal sequence
(Inu s.s; 2371 oP]=2F 7] 2 +4d; MKLAYSLLLPLAG
VSASVINYKR) 2} EXGA +AFE cloning3ld pGlnu-exgA
(7.6 kb)$} pAlnu-exgA (8.1 kb) plasmidZ T-%3}it}.
Inu 5.5 EXGA 7791e] 914 #-91¢] AL 5-AAGA
GATCTTTACCCCTTTTG-3'24] Bgl 12 Hlslo] 143
O =M KRSLPLLY] ofu]ieAt AAS 7HAA Hof, We] &
4] I 5 KEX2 protease®l 2J3l] A EH=]o] mature form
9] B-glucanase”} 4] & = St} (Fig. 1) [12].

pGInu-exgA | GALI0p | Inuss |  EXGA | GAL7: |

pAlnu-exgA | 4DHIp | Inuss | EXGA | ADH31 |

Bglll
S -ATGAAG --------- AAG AGATCT TTA CCC CTT TTG

K R S L P P P
INUI signal sequence T mature EXGA gene

KEX2 protease

Fig. 1. Schemes of expression plasmid for B-1,3-glucanase, pGlnu-
exgA and pAlnu-exgA. Nucleotide sequence and deduced amino
acid sequence indicate the /INU1ss-exgA junction region. The arrow
indicate a cleavage site by the KEX2 protease.
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3.2. A% FAAFA A8 L MUG assay

T4 pGlnu-exgA % pAlnu-exgAE uracil FFL74
Holg=Rl §. cerevisiae SEY21022} S. cerevisiae 2805 o=+
of Z}7} gAH%5k] YNBCADHIA| oA 12} A a1t
7} 10719] FAABAE Ao EXGA 348 {55
IR 7] $13l colony PCR-E 33t Ay} 7= 23l
AlollA 1.3 kb2l EXGA A2 535555 & 7 U
T} (data not shown). Ttk 2.2 7} 10712 XS =
tj3ll MUG plate assayE 338l 71 Ao} S5FA3E81
SEY21029} 2805 oA %= MUG7 1 2HE] UVEHFo]
HAE =], ©]= S. cerevisiae] p-1,3-glucanase s =
k= A EXG1 f7RJel| oJst &= Azbent, 18,
AZZ EXGA A7 s 712be] Fad o=
A s AR o R T Ayt Bagto] LERY
A Zb7re] A gkgrel| A A3 B-1,3-glucanase 7}
AeAor By - BHE S-S FRIE 4 Sl 1070 =
Al gAY ok MUG assayd¥}= Fig. 2¢]
YERRSITE thre 2 7} 10702 sk 5 s A
31o] 5 mL test tube cultures A g 73} 24] 1.79 unimL
oAl 3L 3.16 unit/mL7FA] 2] B-1,3-glucanase Z/dS H.S8)
©w (data not shown) 71 5 2t FdskAel disl| 71 =
< S T AE s v AES Esieit)

(@ (b)

Fig. 2. Active staining of yeast transformants harboring EXGA
gene grown in YPD (a) and YPDG (b) plate. (a) C: SEY2102, 1:
SEY2102/pGlnu-exgA, 2: SEY2102/pAlnu-exgA, (b) C: 2805, 1:
2805/pGlnu-exgA, 2: 2805/pAlnu-exgA. The B-1,3-glucanase acitivity
was detected by spraying the plates with 0.04% MUG in sodium
acetate buffer and incubating for 10 min at 37°C before UV illumination.

3.3. B-1,3-glucanase L3 2 Bu|xJAL

A 79 flask WiFS S3l AIS2], B-1,3-glucanase
o] W&} 1] =AM 2 plasmid PIA 5= w451
ANZZ B-1,3-glucanase theF wRIAIAES 915 H49] <
e S Adelskaat SH3ATE Host 3= B-1,3-glucanase

23S S8l 1 A, viok 48A1XWA S, cerevisiae SEY2102/
pGlnu-exgA X = A28 Wil HellA 5.01 unitymL, Al
el 0.09 unitmLe] Hvl §4-243S K311, SEY2102/
pAlnu-exgA A= M3EEE vl g5 HollA] 4.09 unit/mL,
AlZUeA] 0.15 unimL o] E4ES Rl on Zt7te]
7oA 98% S} 96% 2] FH| &S YERNSITH (Fig. 3).
S. cerevisiae 2805/pGlnu-exgA X = AIAZE} vl d5-<Ho
A1 3.23 unit/mL, AIXEelA] 0.16 univmLe] o] G484
S 13131, 2805/pAlnu-exgA ol A= A|EHT ujoRAFS-ellof| g
3.22 unit/mL, AUl 0.13 unit/mL 2] &8-S 2
om Z}zke] fellA] 95%9) 96%2] wHI 8-S LERASE
th (Fig. 4). ©I= INUI 9] A9 o]-&slo] HddAIZ]
lipocortin- I (80% ++H]&5)%} levansucrase (50% wH|&
), a-antitrypsin (70% wH| &) “12]37 endoglucanase A
(3% R ag)ol vleir e =& H0ass eils &

(a) 251 100 6

3
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Fig. 3. Time profiles of cell growth, B-1,3-glucanase acitivity and
residual sugar in 50 mL flask culture of SEY2102/pGInu-exgA (a)
and SEY2102/pAlnu-exgA (b). Symbols: (0), cell growth; (o),
extracellular enzyme activity; (<), intracellular enzyme activity;
(A), Residual sugar.

Table 1. Comparison of cell growth, 3-1,3-glucanase acitivity, specific growth rate (i), specific activity, secretion efficiency and plasmid

stability in yeast S. cerevisiae transformants

Transformants Cell growth P-1.3-glucanascactivity (unit/mL) n ) specific activity Secretion Plasmid
(ODgoo) Extracellular  Intracellular (unit/mL/ODeno) efficiency (%) stability (%)
SEY2102/pGInu-exgA 26 5.01 0.09 0.34 0.20 98 76
SEY2102/pAlnu-exgA 16 4.09 0.15 0.36 0.25 96 71
2805/pGlnu-exgA 24 3.23 0.16 0.34 0.14 95 55
2805/pAlnu-exgA 14 3.22 0.13 0.34 0.24 96 66
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AL B-1,3-glucanase FAALS] W&ol INUI w1 Lol
olF Gyl & 4= A% [23-25]. ©] 5 FE A olA
©] plasmid Fg/3S 2lR1sH A7} SEY2102¢41+= pGlnu-exgA
plasmid”} 76%, pAlnu-exgA plasmid”’} 71% $1.°. 2805
ol A= pGlnu-exgA plasmid”} 55%, pAlnu-exgA plasmid
7} 66%2] 28732 BT (Table 1). A= OZ SEY2102
757} 2805 TR} B-1,3-glucanase 2] AAto] Agels &
I AT} Fgt, SEY2102 0llA= promoter' 8 B-1,3-
glucanase®] &4 =Fo]7} YAl GAL10 promoter”} B-1,3-
glucanase 2] AJatel] A&l 7107 HoJx|a1, 2805 oA
= promoter' 2 ZA 9] 2po]7} A9 x| gttt gL
MEFERE GA8AS e specific activityS sl B
< W F 75 25 ADHI promoter’} ] &AUS &
SO, GAL10 promoter®] 73-%- 37J galactose”} H 2.
a7 wizell g 84kse] 7ol ADHI promoter”}
Agtsirial dheks]oj it

(a) 25 100 4 5
&
=

20 E
= = ts 2
| F £
Skl 8
=S = g
3 = r2 e
2 E g
Ewq{ 2 =
[ =z —
& S !
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Fig. 4. Time profiles of cell growth, B-1,3-glucanase acitivity and

residual sugar in 50 mL flask culture of 2805/pGInu-exgA (A) and 2805/

pAlnu-exgA (B). Symbols: (0), cell growth; (0), extracellular enzyme

activity; (<), intracellular enzyme activity; (A ), Residual sugar.

3.4. p-1,3-glucanase T Sl W ofeke ALY
Z} P A A B-1,3-glucanase 2] FH]TH S Fols)k
7] 18 Z7}e] WP olS: 55elo] SDS-PAGES 0
aFATh. Fig. 59 AtolA AF %5 AESQ) SEY2102¢)
2805 el Hlsl 2t FAHZAlM = °F 43 kDa2] B-1,3-
glucanase®] GHAo] lEQl, wjorFEole] TIE ]
chlzlof] vg)] 2l =SS 18 5 ISl o
o7 7p7te] BRGNS o] g3lo] olleke AHIE 2l

Btk WA YPD (2% glucose) Bl <] ol 48A17F wljekst &
NS FEE 543 A3} SEY2102/pAlnu-exgA A=
9.6 g/Lo] olgke-g AAsI 11, 2805/pAlnu-exgA e
9.5 g/Lo] ollehe-& S o = QAT sk, ofleks At
o 235t SEY2102/pAlnu-exgA S o]-&510] 7o} -2
B vlo] @ uiAE ARE-EE Hlo] 2. oflghE AL Q] fa
< dolHSIT) WA A St UAmkE ARSI, thE 712
o] F7HAR1 A7 glo] 48 AR mjeksint. wieF ¥ ollvks
IS AT A3t 0.83 g/ILo] offgkgo] AAkES o 4=
AL, AA st ohrute] o] 1.4 /LS FiRbkshd,
TH|E B-1,3-glucanase®l| oJ3l ThA|REE] thdo] 23] %o
ofebe Aol T7HEASE & 7 UTh AAE EXGA
FAxE ARG Ul multiple integration A7 2P
A7 dFeM= 121 /L9 ofjh&S AAE A7 o= Qlog,
AA st talake] F22Q1 Fslol] 2|Z2% B-1,3-glucanase
7} 8394905 #9l & 4= QI (unpublished result).
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Fig. 5. SDS-PAGE analysis of -1,3-glucanase expressed from each
transformant. M: Color protein molecular markers, Lane 1: SEY2102,
lane 2: 2805, lane 3: SEY2102/pAlnu-exgA, lane 4: 2805/pAlnu-exgA,
lane 5: SEY2102/pGlnu-exgA, lane 6: 2805/pGInu-exgA.
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SFATE. MUG plate assay s &3l &/d3 2] B-1,3-glucanase
7} vjRHEe 2 FalES- #1511, 50 mL flask cultureZ ¥},
SEY2102/pGlnu-exgA 4= 5.01 unit/mL, SEY2102/pAlnu-
exgA A= 4.09 unit/mL 2] B-glucanase activitys LER]
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