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Surface Display of Bacillus CGTase on the Cell of Saccharomyces cerevisiee. Hyun-Chul Kim', Chae-
Kwon le, Byung-Woo Kim’, Sung-Jong ]eon and Soo-Wan Nam. Department of Biotechnology & Bioen-
gineering, "Department of Biomaterial Control, Depurtment of Microbiology, Dong-Eui University, Busan 614-714,
Korea - For the expression in Saccharomyces cerevisiae, Bacillus stearothermophilus cyclodextrin glucano-
transferase gene (cgtS) in pCGTS (4.8 kb) was subcloned into the surface expression vector, pYD1
(GAL1 promoter). The constructed plasmid, pYDCGT (7.2 kb) was introduced into S. cerevisize EBY100
cells, and then yeast transformants were selected on the synthetic defined media lacking tryptophan.
The formation of cyclodextrin (CD) was confirmed with active staining of culture broth of transfor-
mant grown on starch medium. Enzymatic reaction products with respect to the culture time and the
reaction time were examined by TLC analysis. The results indicated that the enzyme activity was
exhibited after 12 h cultivation and CD was produced after 10 min of enzymatic reaction. When the
surface-engineered yeast cells were cultured on galactose medium, maximum activities of CGTase were
about 21.3 unit/l and 16.5 unit/[ at 25 and 30T, respectively. The plasmids stability showed about

80% even at 25T and 30C.
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2 2F ¥ Plasmids

B A A8 A 23 CGTase AL S. cerevisine Tt
F B uracil 9% +4 Wo]Eo]n haploidZ S. cerevisiae
EBY100(MATa ura3-52 trpl leu2-A1 his34200 pep4::HIS3 prbl
AL6R canl GAL)E A8+ QtH2]. £ plasmid 73 2 2
Z& 93 E oli «FHME= DH5aE AFE-8F¥ T CGTase
®3A Fo plasmid= B. stearothermophilus 9} CGTase &
HAE cloningdt pCGTS [18]& AME-3F{ T AR S. cerevi-
sige)| 4] CGTase FHYH vectore FEA Td vector 24
GAL1 promoter& 713 pYDI1 (Invitrogen Co., USA)E Al
3 th. of vectores FEABE A M EAE TRPI (pho-
sphoribosyl-anthranilate synthesis) &2} 7}2¥, 2 pm
replication origing ©|§-3ta] B3t}

o] Mol F+% % episomal THA S S. cerevisine SEY2102/
pYES-CGTS (GAL1 promotere] &3 £x4 w&A)9} S
cerevisiae SEY2102/pVT-CGTS (ADH1 promotere)] €3
AE 2HAN18]E HETE sl W waAe &4 vin
Tl A3ttt

PCR primers® X%
B. stearothermophilus®] CGTase 22}2.1 kb)o] 7
&7 HHE A3 cgt FH2 ORF 299 PCR2 %%
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Attt primers 5-AACTGAGAATTCATGAGAAGAT-
GGCTTTCG-3 (sense primer)9} 5-GCCTCGAGGTCGACG-
TTCTGCCAATCCACTAT-3' (anti-sense primer)Z A 2+3}
St} Sense primer ¥-$]o= EcoRI A|gHE A A H-E 7}
A9, anti-sense primerdl| = Xhol A a4 QAR E 717
3 U #3 DNARZ B. stearothermophilus®} cgt #AAE
53k pCGTS[18] 8 A3t Perkin-Elmer GeneAmp PCR
System 2400(USA)ol A 2.1 kbe] A2} T (cgtS)eHe o
ZEH 29 cgtS GHLE pYDId EcRl/Xholo 2 ¢
A3t E. coli DH50E $FHEE CaChiio g §ANEs}
o cgtS GHE FRFY.

TZ& plasmid M Y gEXE
ARAMY THLES AT X plasmide] 752 PCR
£ 73 &2 4 B. stearothermophilus®] cgtS f- Az} pYD1
£ Zv2} EcoRI/ Xhol ©. 2 A 2] 3} Gel extraction kit (Biopro-
gen Co)Z AA 3t Aol A cgtS FH-& GALT promoter
9} AGA2 geneE K& E. coli-S. cerevisiae shuttle vector$]
pYD1 (Z+2Z} EcoRl/Xhol 0 2 w8 Aol Azgsle A%
¥ plasmid pYDCGTSS 734tk 7% 9 A%¢ plasmid
= E. coli DH5a2 HE] 2%, &35} LiCl Y[7]e2 &%
EF A X S, cerevisize EBY1000) 82435190

50 EANEH MY U HH%‘"’4
EX PAAGA Y dEE A 2= SD w1 A(0.67%
Bacto-yeast nitrogen base without amino acids, 2% dextrose)
o leucineE 30 mg/12 Hr}sted AL&3l4g 1, CGTase®A

& $8) 1% soluble starchE A7}3F YPGS (1% yeast
extract, 2% polypeptone, 1% galactose, 1% soluble starch) 1
Az go =2, v F F iodine 7)o g AE ¥ #
g AL E3 CGlase AL FA3QL, o] Aol episomal
g3} v waly) sl ol el AEFD S. cerevisine SEY2102/
pYES-CGTS (GAL1 promoter)$} S. cerevisiae SEY2102/pVT-
CGTS (ADHI promoter)[10]& S. cerevisize EBY100/pYDCGTS
sh 7 BRItk £, LA AL 2% soluble
starchE ¥13-3t & H&s CD AR S By 8] 9 Q=2
A7rero Zi&*lﬂL v oz BAste CD 2A S A4
AF-E FAstATHIL

Mz CCTased] 9 THE s A=Y AxY 2a
Z ke 3 promoter°1 GAL1 promoter& 7}3 pYD1
vectors} AZ3E 2] BPE 5] YPDG wiA(1%
yeast extract, 2% polypeptone, 1% dextrose, 1% galactose)
£ AHgstel WS

Az &8 FF9 ASFL SD A=z sFgoy flask
1% L fermentor Bl FA] HEUYL 5~65%(v/v)E &ttt
Flask #j %o A= 500 ml baffled-flask (working volume;
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100 ml)Z 30T, 170 rpmol A 334G 0.0, A =3 CGTase
ol 2848 3H 3] 93 & d F(KoBiotech Co., Korea) 3
Hufoke YPDG H] 2| 2 working volume, 21 ; &%, 25~30T;
%7) pH 60; WAEE, 300~500 rpm ; /)&%, 1~15
vvme] Z A3 A 331Gt

| iE 2 plasmid QAN

oA & YA} A B FA S HFe v
2 3431y 33 = A (Shimadzu UV-160A, Japan)& A}-&
ated 600 nmoll A 9] FHE(ODeo)2 A3t HTh BAFA
o 98] ODew #< XA T Z(g-dry cell weight/)2 &
A3 TH1.0 ODe=0.28 g-DCW/1).

Plasmid ot AL vkl & 233 3]43}e] YPD 3 Fhul)
2o =2gl T A4t 10078 9] colonyE SD A e X £ tooth-
picking3t th-2- F 44 € colony 4=9] vl(ME-&)Z 23t

L
=T
L= i N
T’_"

=X 28 U CGTase &84 =3

T AAETS g F5AE st 2 289
CGTase 42 27431t CGTlased] ¥4 & Fujiwara &
[5]ol 2lsf A <td methyl orange H o2 =AYt &4
2o 15 mle 50 mM U4 @ZA(pH 6.0)9 soluble
starch®} methyl orange %5 =7} 244 1%<} 0.035 mMo]
HE2 Hriste & 43 o] EF e & A& sl
50Tl A 3417k g A AT whg ¥ 6 N HClE 713td 4

Xhol

EcoRl

EcoR1, Xhol

$& AAAI L WAL 16TA 1587 FX3 T 500
nmo A FFEE AT §284L 9 2& 24
A 2% 1 pmole?] ¢-CDE A8t £4%S 1 unitg A 9
9ot 8|S 5 (specific activity)e 2t £4 848 AZF
AFE(g-DCW/]) o2 Wroja] Aldksdt.
Thin-layer chromatography0f 2|st 2AYSMMEQ]

%‘°|
&9 YA EL thinlayer chromatographys 43}
[8] BN 50 mM 14k ¢E-9of =21 2% soluble
starchg} FAAEA AEE 112 60TAN WA AT ut
SAL HiFFdA 583 EAE ¥ F Z47he] w3y 5 ply
< TLC plate (MERCK)o| 44 %t & nitromethane : n-pro-
panol : water (4 :10 : 3, v/v)E A7 &ulZ 33} A3
o}, A E-Z methanol/sulfuric acid (95:5)Z 110CoA 10
£ 7hEste] 2aA T REEA L AREL e CD
(Sigma Co.)& 10 mM9] F= = AME3I4h

it
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HEE LY
28 vectorl pYD1 (GAL1
subclonings}e] pYDCGTS (7.2

£ E. coli DH5a

=gt plasmide| & Y
GalactoseZ HEH= HWH
promoter)ol| cgtS FAAE
Kby 723} cHFig. 1). 729 plasmid:
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(4.8 kb)
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(7.2 kb)

Fig. 1. Schematic diagram of recombinant plasmid, pYDCGTS, constructed in this work.



of dAAgsS ZE, 253 £ S, cerevisine EBY1000] &
ARABNA uracil 29 F2WA(SD)NN FARBAE 13
A48 8 THEBY100/ pYDCGTS). Fig. 2 Ag} Zo] tjz7-2l
EBY100, EBY100/pYD1¥ starch 34 YPGS 1] ul=] Abol A
starch £ &4 < FAstA Gk, YA A&A EBY100/
pYDCGTSE starch 28] & dA3le] CGTase 4L v}
it wek HAM8s EBY100/pYDCGTSE cgtSE
2 3agE & 5 AUk

THS4 U CGTased| el

84 €M ZAAFig 2 B), Wl A5G B @y e
CGTase MU= MEHo] a47} 225o] B HdHE X
HLE CGTase 840] Bol ngloy & o CDE AFH O
2 WAF A} 1% soluble starch$t CGTase ¥ w8
AEZE 9EAA YAES dr|7o g B2 47, A
-CD4 Hi=§ 248 244 248 B § UAHFig 3
g AN=F FF S. cerevisiee EBY100/ pYDCGTSE YPDG
ANA Eepa3 wjdste FA F49 CGTase B FL
AFSHE . 1 A3} Fig. 494 7| glucosert ¢35 AR
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Fig. 2. Active staining of displayed CGTase with yeast trans-
formant which are grown on glucose, galactose and
strarch medium.

(A): a, S. cerevisize EBY100 ; b, S. cerevisine EBY100/
pYD1 ;c, S. cerevisiae EBY100/pYDCGTS

(B): d, 5. cerevisiae SEY2102/pVT-CGTS; e, S. cerevisiae
SEY2102/pYES-CGTS ; f, S. cerevisize EBY100/pYDCGTS

® A

Fig. 3. Microscopic photographs of reaction products of with
soluble starch for 3 hr reaction by S. cerevisiae EBY100/
pYDCGTS cell.

(A) 1 mM a-CD after iodine straining ; (B) reaction pro-
ducts after iodine staining
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Fig. 4. Time profiles of cell growth, sugar consumption and
CGTase production by flask culture of S. cerevisiae
EBY100/pYDCGTS on YPDG medium.

(®), cell growth; (), residual sugar; (4) CGTase activity

124 27-E] CGTased] &4jo] Z7hstv] Alaksle] wjok 304)
A A 249 65 unit/12 JEge, A7) o|F 42
ATt olZolle GAEA0 248Gt §HA B. stearothermo-
philus CGTaseg episomal @32 4 $[18], 34 #F =27
< pH5.5, 30Tl A CGTased] Aol L F-E ] Y 484]7ke]
A1 0.624 unit/mle] 13, SHE A4 87%7F AE 92 B
Bl AR o) T} o= B. stearothermophilus®) signal peptide
7b AxT ARGNE B 715 S $3ES Jehdg.
Episomal W BT 37 $@9] &40) A& o]fFE
EEAE #d0) 2= e a-agglutinin® $=7} of 10° A=
[9] &8=0] 7] ol FHAAL & U Bh %o ¢
Attt a2n 54 gilde] A wtog gxs EugA
ZoHA FetFE 4E8S she AT 23 ujy) gidoe) g
TEW i) BARE AAR0E R AXYd A8
T 3k A 2Y mannoproteing o] &% 4 gled, 9B
mannoprotein® | X8 opsil Afste dudy YR
plasma membrane 2 o[ {(16], & EatFo] 2& dulg
EoIG{15]. o]E2 AEyTe) ARYo) oA} MTY
BHe] Azt W YA o) EA3] o] )5S A
sto) o G d-S FAYH d9& o) AdgHo] gatAY
sggd ol F83 AW =2HA Edln MEyoz
FEA Fhe 7147 FE2F S gl @Ao] i)
wteta], dutz 9l episomal LR W) AoiHow HAY
go) e Aoz Ag Uty 3, Washida S[17]¢] I
Aol X w28, Rhizopus orygae lipaseE a-agglutining] C
2 il A2 g3 Fd FHAHS B9} a
-agglutinin} lipase Alo]of| linker peptidesZ AMgjsted R
d 2EALE g9 7)1F 884 o] linker peptidess] 47}
ol we S7la At ol BW 2¥E 547} /1A
g3t A TAAU FHIE Yk episomal L EH o] 1))
of#f§] 71d e} Mo FAste Aog Azd
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CGTase EM WS st 2 i =A

A2 w3 S. cerevisie EBY100/ pYDCGTSe] A ujoF
Z270g YolH 7] 8 YPDGH| |, pH4.0~10.0, 25C <} 30°C
oA & Y FAAM FAFAH CGTase LEFL 2
23}, Fig. 59} 20| glucoser} ¢+43] 2251, galactosed]
o3 Fk, ddHE 12X H-H CGTased] &40] Z7}3}7
Al ste] wj ek 3641 Al A 22 P ) 84
& 20T HjoF Al 21.3 unit/1, 30°C ) A) 16,5 unit/12 e}
Sorf, 49 HEA B plasmid ¢HY 4L Table 1) A g}
0] 25T ¥l Al 1.7 unit/g-DCW$} 86% 2 30°C uj <k uj
2ot =4 velytth 33 pHe B. macerans CGTase 88
8] 74+ & pH 6.00] A t}H(data not shown). 2222
2 Y o7t deu F4o] 1A Uoe AL wg &
E7t & 9= endoplasmic reticulum (ER)o) A 9] A 9}
guld 4y 2ot gojAr] MEo 2 ALRHTH3] %3,
A7) o) F wl Y 36417t o] FRE] A4 BAo] FH| A
AT ol& AAY) ol F aR M 3o oJs) FH
4 240 84 AgHe Aos Agdrh

TLCE 0188 &4 U3 #MSQ H|m
Az TF S. cerevisine EBY100/pYDCGTSE %7 pH6.0,

20

f—

el 2 E
C] =3 =
P =
H] Q =
80 x =
= = >
@ 10 ‘i 5
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= 80 2
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£ 5t © 0]
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Culture time (hr)

Fig. 5. Time profiles of cell growth, sugar consumption and
CGTase production in batch fermentation of S. cerevi-
siae EBY100/pYDCGTS on YPDG medium at 25 C and
307C.

Open and closed symbols indicate 25T and 30C culture
conditions, respectively.

Symbols : (@), cell growth; (m), residual sugar; (a),
CGTase activity

Table 1. Comparison of cell growth and CGTase activity in the
batch fermentation of S. cerevisize EBY100/pYDCGTS.

CGTase  Specific CGTase Plasmid

Cel(lo(érowth activity activity Stability
) (unit/l)  (unit/gDCW) (%)
25T 44.6 213 1.73 86
30C 413 16.5 145 82

25C, YPDG sjA oA 48Xt 3& wjdE & NEE 2%
soluble starch9} 37 &4 WgA7 T AL who] upe}
TLCZ ¥h¢ AAH &S vlmeichFig. 6). 2 23} Y 124)
LARE &2840] Jeld, vg 108 o|F2E CD7} A
A= o] Al7ke] Ao mEk CD B Gl (glucose), G2 (maltose),
G3 (maltotriose) o] Mo F7hste AS U
T, WS 12X A% (D9 A4 Fo] A& Z7atg .
a-agglutining A}4-3ted Kim 5[8]2 B. macerans CGTaseE
EHEEAZ1 2, 7149 soluble starch®} CGTaser} £ 1t
e FHASAE 60A1ZEIA vHS8HY] o-CDE AASHY
ok 1 A3 23] w29 episomal B o) 93 CGTase:
a-CD, glucose, maltose £3] A] intermolecular transglycosy-
lation®]| ¢]3] maltooligosaccharide 35+ Z7}8t 1, B44
S 2 a-CDe #HAsle dhd, gaddd 93 CGTases dF
& 4971717} coupling, disproportionations) 9]} %%
9] maltooligosaccharide® ®38)5 7t 24 0]4 o-CDwt
3A gk 28 oE B ¢57) £2 oCDE A4E 4
Je AFH 2o BE QYA ¥ Ao VEyrh o&
=4 guol ER NEFH glucan T2 ZHZAY
olsted A= o] glo] ¥HE F 329 Yol life timeo] 2
oA A7 woltt. watr, AEv) A (biocatalyst)ye HE2 <l
23t % HagYAe gy fie GFAY 9 340
Golste] A A FAE W F Qo] AHH S8
Fed Ze2 g

2 o

B. stearothermophilus 52 2] CGTase A cgtS)E B &
81 A AZF plasmid pCGTS (48 kb)S §7 F W wg

(a) B)

| 4=G1

[2 sbe

C S w051 3 612

5 C 6 131824 30 3648

Culture time(hr) Reaction time(hr)

Fig. 6. Thin-layer chromatogram of the reaction products from
soluble starch by CGTase produced in the batch fermen-
tation of S. cerevisize EBY100/pYDCGTS.

(A), Enzymatic reaction products with cells cultured at
the indicated time.

{B), Enzymatic reaction products at each reaction time
with 48 hr cultured cells.

S, standard ; C, starch without cells ; G1, glucose ; G2,
maltose ; G3, maltotriose.



& vectorql pYD1 (GALI promoter)o] subcloning &ttt
759 A%F plasmid, pYDCGT (7.2 kb)E S. cerevisine
EBY1009] & & #5143, tryptophano] Zoj® SD uj=d]
A1z AEE FAARA S YPGS vl || A w)j ok B 81
S B39 CD7F AR E S FAF AT M EA T B A
B3 A wE whE AES TLCE BA48 A3, vlok 124
TAFH BAgdol Vet vk 108 o]FRE CDy}
s ATrel g mek CD YA Fol F7beke AL
st 3& Mg 23 25T 30CAAH CGTased)
Ao &ARo] ztzh 213 unit/l ¢} 165 unit/1Z Vel T,
plasmid P AL 247+ 86%S 82% = e} vl w0 4
B3lo] plasmide ¥l A AAFA AN
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