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Expression of the Bacillus stearothermophilus NO2 CGTase gene in Saccharomyces cerevisiae.
You, Dong-Ju, Hyun-Yi Park, Sung-Jong Jeon', Hyun-Ju Kwon?, Soo-Wan Nam, and Byung-
Woo Kim". Department of Microbiology, Dong-Eui University, Pusan 614-714, Korea,"The special division for
Human Life Technology, National Institute of Advanced Industrial Science and Technology(Kansai), Osaka 563-
8577, Japan, *Mitsubishi Kagaku Institute of Life Sciences, Tokyo 194 8511, Japan — For the expression of CGTase
gene(cgtS) from Bacillus stearothermophilus NO2 in Saccharomyces cerevisiae, cgtS gene was subcloned into the
Escherichia coli-yeast shuttle vector, pVT103-U. The constructed plasmid, pVT-CGTS was introduced to S. cerevi-
siae 2805 cell, and then the ¢gzS gene under the control of adhl promoter was successfully expressed in the yeast
transformant and 87% of the total activity was detected into the fermentation medium. Therefore, the signal peptide
of B. stearothermophilus NO2 CGTase showed high secretion efficiency in S. cerevisiae. Optimal conditions of the
recombinant yeast cell for expression of CGTase was achieved, when S. cerevisiae 2805/pVT-CGTS was cultivated
on YP medium at 2% dextrose, pH 5.5, 30°C and the expression level of CGTase was 0.624units/mL for 48 h culture.

Key words: Bacillus stearothermophilus, cyclodextrin glucanotransferase, E. coli-yeast shuttle vector, Saccharo-

myces cerevisiae.
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Cyclodextrin glucanotransferase(EC 2.4.1.19; CGTase) &+
cyclodextrin(CD) FdHMH-E vi/fsls Eh2A RO ZH
B =% 6~87171 o-1,4-glucoside A2 AZ% v|ad
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CGTase:- AL v E2] 7]9de] we} Exl8Fe] 35,000~
88,000 Dari o™y, Yubg o2 &% 40~55°C, pH 5.5~6.5
o] FA FollA & S A AeE odeiy gl
a8y}, alkalophilic Bacillus sp.[S]“} B. firmus var.
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BY Saccharomyces cerevisiaeol| A A7) 0 ZA] EA] il
AL P B0 S48 ekl e A7 E S
3] Y=L lot. -8 ] AkA AlL-3LE 93
ERelMe] Az Byel] A7 A7 FE plasmid A
ATZE 9135 279 ¥ o] F(autoselective mutant)’ i, A}
2 W B84 AL, F8] AE peptide®] A A FH,
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E gy A3 B8 F5E e dnd ol B
Bl 423 o) &EHE S cerevisize 2805F AF&3l 2w,
plasmid 7% 4 2F-& 93 E. coli DH50E ARS8} c},
B. stearothermophilus W02 CGTase 7 AH(cgrS)=
pBR322¢%| ¢gtS7} subcloning® pKBR1[6}S AH-518ict. S.
cerevisigeoh A1 CGTase W& $18F vectors FAIA iy
vector2 adhl promoterst A EAZE ura3(orotidine-5'-
phosphate decarboxylase) 3 2-E 7F4l pvT103-U(151%
A8l

Primer M&, plasmid 7= 3 TS

B. stearothermophilus NO22] CGTase -41A}9] B87¢l
B dsA FAA ORF 415 PCRE F-F314l e
primery  S-GAATTCGGATCCCTGA ATGAGAAGATGG-3'
(sense primer)$t 5-GAATTCTCTAGATTAGTTCTGCCAAT
CCAC-3'(anti-sense primen)E AHS-8}91 ¢}, sense primer -4
ol EcoRlI # BamHI A94-& 7}A™, anti-sense primere]]
+ EcoRl # Xbal M9-& 7}A L 9lvt. 53 DNAE B.
stearothermophilus NO22} cgtS A4S $H-+3F pKBR1
[6]S A}-8-3l9l 2., Perkin-Elmer GeneAmp PCR System
2400(U.S.A )M 2.1kbe] FRA} 1 (cgrS)S g 533}
Qch ZZ5l cgrS ©HH-E pUCTHIBA BamHI/Xbal22 A7
sled E. coli DHS0E S5 EE CaCl (1102 A4S
Bled cgtS SHHE X3S plasmidE FHElc}. CGTase
WL vectore He9] 23} plasmidE BamHU/XbalE A
gt &, ozl 32 FHE adh! promoterE H3T E.
coli-S. cerevisiae shuttle vectorql pVT103-Uel] z§=38}s}ed
E. coli DH5a0] AR R 7|3 22§ plasmid pVT-
CGTSS F&3tgt. +59d AxE plasmidE E. coli
DHS025E 2 F&3le] LA 81O BR SFAE
S. cerevisiae 28051 32 A 331g) o, R 2ol plasmid
&2 Cryer 51219 whe 2 &89 7]el A=
plasmid®] 7ol ARFLE §312} 2|23 7142 Sambrook
{1318 wES ARt

MY ufx] 3 Bi=A

R yaAsAe] AEE 5t Wiz 2 SD wix](0.67%
Bacto-yeast nitrogen base without amino acids, 0.5%
casamino acids, 2% dextrose)E AHE3EE, 0.25%9
starch azure(Sigma co. )5 H7}ste] AR ¢S] CGTase
AL Eelslsitt. CGTase®] E0[AANY EAAIS )
A% YPD ®iX|(1% vyeast extract, 2% polypeptone, 2%
dextrose}s AME3l.om, A $4]3 FAAL W] v
= 27] pH 2 w259 J3ks A7) #18 YPD
RE 100 mL §-7-31= baffled-flask® A FstGct. e+
L2 dextrose®t starch®] 9IS LotR7] YA E
dextrose®} starchs 242 kgl YPHIRIE AMEsigdH)
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vjofel o) shil s vkl 3,000 x gl A SETF 4
AlBe) & F wioFd54S dinitrosaticylic acid #1012
2 A FEE EAseH

Plasmid P&

Plasmid QA2 wjoF& Hw3] 43t YPD H%
wixjoll =2k & F A3t 100709 colonyE SD ATEMAR
replica &t ©H& FAIE colony -2 A3t}

CGTased} 84 §8 ¥ 54 EYUEH

FA HAAES Zymolase 100T(Seikagaku Kogyo, Japan)
9} glass beads(0.45mm)ZE AHE-3}e] periplasmic space 53]
I A E 28 dgjom(11], o] HF 3} wjofATY S
A}g3je] 2b B8lo|xje] CGTase BA-S SASKIEL. CGTase
2] #AL Leujeune’s[6]2} methyl oranget] 22 SA3Ih
CEA R 15 mle) 5omM SlAld SR (pH 6.0)0 71
7 soluble starch®}t methyl orange #$5 =7} 2Hzh 1%}
0.035mMe} B\=F Arisled 24 451 o] Ejffol] A 8
< 7hsled 50°CelAd 1057 HhEAIZEE Bk F 6N HCES:
7k3ked vb-& AAATIL HHEAS 16°CAA 3087 WA
& F 508nmellM FREE SH3} BB sjek 2
& 7oA B 1 pmole®] o-CDE A= B4 1
wnit2 A 2]slgde}. BB E(specific activityye ZF B4 B4
< HE5E(0Dgop)Rh o2 VHrolA] Alatste]ct.
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B. stearothermophilus NO22] CGTase % AHcgtS)T
B} A (constitutive) promoter<! adh/ promoterE 7}A
pVT103-U(6.9kb) vectorell AMdate] 223} plasmid pVT-
CGTS(9.0kb)yZ F=3tet. ANEF plasmids $A E. coli
DH5aol subcloning®}t 2 CGTase BAE Vel 3AlA
5 A3 F PAARTFENE AEF plasmidE Nk
213l ekFig. 1). HATAAM FF" A2 plasmid

pVT-CGTS

Fig. 1. Schematic diagram of pVT-CGTS plamid vector which
was constructed with cgtS of B. stearothermophilus NO2 and E.
coli-yeast shuttle vector pVT103-U. sp: signal peptide.
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Fig. 2. Halo formation by CGTase expressed from 5. cerevisiae
which were grown on SD plus starch azure medium.

A : 8 cerevisiae 2805 host cell, B 1 S, cerevisiae 2805/pVT-CGTS
recombinant cell.

pVT-CGTSE ©hAl S. cerevisiae 280591 LIACH-2-2 3AH
B AFA 13 CGTaseE WHasl- &% §4x ‘7512?3“ uracil
A3 HaelR(SDpiA 13} Aot 12 A &

c}A] starch azure S}W“’Hx] oM vl F FEIE 4‘5}"&
= P8A] EuSFE AHE 238 53] viEale] Wi R
Fo] ¥ FFE HF AEsH. AEE FFEES
cerevisiae 280501]/\1 74 promoterd] adhl promoter?] &
A slollA] eBdA 2R CGTaser} AAHUHFig. 2).

CGTase &8i0] OjkliEs Eraglo] WY

Fwela] g2 kg Hefo] cloning® CGTase M|
tlxs wl4 Y odeS A Es)y] $s] yPula]el dextrose2}
starchZ FEHE Hrisle] 48A17E ik F FA $HI &
Aowrseks zaket da @A AL 3% dextrosest 1%
starch® 7Z+o] Arpst wjedeliAl 714 & &4 AAE By
21} CGTase W& ars) v @A ol Al 2% dextrosed 37}
& wjekell Al 713k ¥Shkvh(Table 1). 33 WA ] -
A Aol vlaEisied EAe biokel v} slARE, £ A
Folale A At Ajxgt shyale] dhsekgel dAjsl

#] elole}. 5% dextrose H7} wiokol s 2318 W& A
AL Bolow, ol HRe WA Fd APaksleiA]: ojst
2o &l8) FA) Aol oFuke wke Ao s kw3l CGTase

2} 7)Alel starchS 2% dextrosedl] 1% #7lsle] 1ol ol
A At Az SAe) waepde A% Rt
A5} starche] H7Pe w4 AR W8] o EAE
ehilA] edske}. o|2ldt AR B. stearothermophilus NO29Y
A et s CGTase?) S. cerevisiae 2805/pVT SCGTSe
M f wheiER] okm sbEle g dEsicle g o
2Jt}, Plasmid P48 80% o]Ako2 q}xga}eiq.

Mxgt 55 FHETEFENM CGTases] E‘Hl g8

Az % HAHEF CGTased] 9] & A}s}?}
15 yrDw Aol Al pH 5.5, 30°C, 48412 Hﬂ%}s}eav}. o &
23} Table 2¢] vieh]5e] W= Z9) CGTase ¥0|3-E vl
oF Ab=olol|A] (.59 wnimLE 87%2] & ¥4 b}l‘/}"ﬂ
v A 2 o] cytoplasmell i oF 1.5%2] BAAIE
o} A CGTase?} HHE BH[E: 2 PHIEES ‘4’
ehiede}. Cloning® B. stearothermophilus NO22 cgtSell
= 32702 ohul:Al AR FAIR signal peptided FE3IS}
3 glEd (6] o] AR o] whjAl FuliEr) B R
ME FgHoE Agdchs S o $ gdsdch

viekA|ZH0) e #X B4 ¥ CGTasedd®

S. cerevisiae 2805/pVT-CGTSZE YPDuIR], pH 55,
30°CellA] Fufotstads] A $4]3 CGTase BHFE =
Abgt A3t Fig, 39b 2] wieF 6l TA A0 &
uhs] doffd, A& glucose FF7F 3 gL o|EE TR

Table 2. Expression and distribution of CGTase in S. cerevisine
2805/pVT-CGTS at 48 h cultivation.

Secretion efficiency

Cellcone.  COTase activity (unit/mL) )
(%)
(ODeo0) - .
Medium periplasm cytoplasm
314 0.59 0.08 0.01 87

Table 1. Effect of initial dextrose and starch concentration on the cell growth, plasmid stability, and CGTase expression in S, cerevi-

sige 2805/pVT-CGTS.

Initial dextrose Cell growth Plasmid stability CGTase activity Sp. CGTase activity
conc. {ODso0) (%) {U/mL) (mU/mL/ODyggp)
1% Dextrose 19.9 80 0.214 10.8
2% Dextrose 314 90 0.586 18.7
2% Dextrose/
1% Starch 32.0 88 0.480 15.0
3% Dextrose 38.2 85 0.492 ' 12.9
3%, Dextrose/
1% Starch 39.0 84 0513 13.2
5% Dextrose 351 85 0.386 11.0
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Fig. 3. Time courses of the cell growth and CGTase expression
by recombinant S. cerevisine 2805 harboring plasmid pVT-
CGTS. The cell was cultivated on YPD medium at initial
pH 5.5, 30 in baffled flask, Il -l , CGTase activity ;@-@,
cell growth.

(data not shown) 12A]7HH-E]= A E of|ele-S el o
2 o]83lmA] =2iA] AAsled 2447kl AR 7ol HolE
At o]l W CGTase EAMARS wioFAI Yol e} 27}
Blod, 48417k kol A F 3 0.624 unit/mL7FA] AJAkE I}

[=} of
AL b |

Bacillus stearothermophilus®] CGTase A2} cgtS)E
At E29] shuttle vector2A] 372 promotere] adhl
promoters I-H3F pVTI103-U(6.9Kb)oll =3} 2] 28+
plasmid pVT-CGTS (9.0Kb)S T3t &% %F §,
cerevisiae 2805904 WA AT A2 FF9 7 @
A el 2805/pVT-CGTSS] A H8z71L YPul| 4]
dextrose 2%, pH 5.5, 30°Col|A] Z & BT EFAojglom,
CGTase®] & whalzke 484]7F wioFA] 0.624univmLS v}
eP AT}, B. stearothermophilus®) signal peptideZ} <) g}
ERAME 32 HERE vehols wEd 849 87%
7F AE 92 Fu] AYAk=det

Aol 2
£ e HAEANR BAosr]E A7pEaisle] 2|

o $)5e] 545900 o)of ZHAFERIICHHMT-00-PT-
21100-0002).
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