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The budding yeast Saccharomyces cerevisiae has been used for the process of fermentation as well as for studies in
biochemistry and molecular biology as a eukaryotic model cell or tool for the analysis of gene functions. Thus, yeast is
essential in industries and researches. Yeast cells have a cell wall, which is one characteristic that helps distinguish yeast
cells from other eukaryotic cells such as mammalian cells. We have developed a molecular display system using the pro-
tein of the yeast cell wall as an anchor for foreign proteins. Yeast cells have been designed for use in sensing and metal
adsorption, and have been used in vaccines and for screening novel proteins. Currently, yeast is used not only as a tool
for analyzing gene or protein function but also in molecular display technology. The phage display system, which is at
the forefront of molecular display technologies, is a powerful tool for screening ligands bound to a target molecule and
for analyzing protein-protein interactions; however, in some cases, eukaryotic proteins are not easily expressed by this
system. On the other hand, yeast cells have the ability to express eukaryotic proteins and proliferate; thus, these cells dis-
play various proteins. Yeast cells are more appropriate for white biotechnology. In this review, displays of enzymes that
are important in bioconversion, such as lipases and B-glucosidases, are going to be introduced.
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5. Eiz, FEEMAEYTH 2 KGESHLRERED
NI TUVT7EERWEGFTAXTLAITBNT
1, 77 =23 0WECHEAERE & WD RIS E A
U, #RABTREZBALIZGTFT 4 AT LA EDHR
HINTWS, FABEE? Lactobacillus %> Lactococ-
cus TIXEESY > /)N 7 & D Proteinase P, KI5 H
Escherichia coli O TIFAES > )N 27 E D LumO?
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AT BRI TFT 1« A7 LA TlE, HW
& NNTEDT 2 —ITHilaEEY 2 X B LIT L
EHWwWSs N, FIZAE, « 77 IVF=, Flol 2%
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General Principle of Molecular Display Using Yeast Saccharomyce cerevisiae

Fig. 1.

Table 1.

Target protein

Secretion signal sequence —

encoding gene

GPI-anchor

attachment region

JET-Cd e 3 —Half of o — I

CUlL-S-CUCI agclutiningene

Representative Proteins Displayed on Saccharomyces cerevisiae

Molecular size

Proteins or peptides Origin Secretion signal sequence (KDa)
a-Amylase Bacillus stearothermophilus MFal (A mating factor of S. cerevisiae) 59
Glucoamylase Rhizopus oryzae Glucoamylase 62
CM-Cellulase Aspergillus acleatus CM-Cellulase 24
p-Glucosidase Aspergillus acleatus Glucoamylase 136
Lipase Rhizopus oryzae MFal 30
Lipase Candida antarctica FLOlp 33
Apoaequorin Aequorea victoria Glucoamylase 21
Protein A Staphylococcus aureus Glucoamylase 15
(His) ¢ Artificial MFal 0.93
Antigen IHNV or BFNNV Glucoamylase 19 or 31

TN A=ADFEG LY A XA > (Daidzin),
7)) 3F > (Glycitin), 7= AF > (Genistin) 7%
HB. IniTINsOEERT O a—-An3 0
ZIMEH BNV T EFIMbEI N, O bERE
RETEFIVEEBERDHAIONTHD, AFF12H#
oAV T IR NHDH. B MRNTIE, 250
ECHE AN S IBNMIEICZ D 770 a2 NP0 HE
N, BELORNINS.Y £/, BEEAKRETY 7D
J2 ORI DWW TIMHIRE 2 bk % &, Bk
T3 1/10-1/20 THV,2 77U 2 > DI RIEK
SV T IR OEMIEEE T S, LB
RIZTOECATH2EHATES, EAH OGN
WHEOEWVICKD, 77U I ANOEBRIIRES

TWBHZEHEZLNDDT, 1YV 7 TR DHEHRE
BHoICREBEI® 57291213, KERSH OEHEK
MDY 7)Y DEETEDWNNEENS. &K
HHETI, prhazy—taznp¥F5r1«A7LAL
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YU A DEENRAAS N 1D

X9, BWERIBAO T /) LT —F RX—Z M5, 38
HHEO -7 a4 —¥ & X% ORF (open
reading frame) 734l 41, BLASTP f@#ric & 0,
Q08D -7 )25 —EFHELTINERIN
. 2055, 3D0EMLET (A0090003001511,
A0090001000544, A0090009000356) 7% Glycoside
hydrolase family 3 12, 1 DD&ERET (A0090003000
497) 75[A family 1 189 % Z EAVHIBAL 7=, AOO
90009000356 IZDOWTIL, tOoE7Y —ti#EkkT&L
TERCHEZNTRD, W E-Z)asy—Eicks
77U 3O EFEOBITIZE, O 3 DDBIETANE
N7z, =hE 0, BGL1 (A0090003001511), BGL3
(A0090003000497) , BGL5 (AO090001000544) & fiy
HaEnr-.

RIZ, INS OELETEYOBERIEIEZHITT 5
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%, EizTRBICHWS N/ SEDS00 7' O E —
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& —%B00RETTY—23>922LT, G
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BTN AT =Yy >INV ET 1 AT LA FKRIC
DWT, pNPG (p-nitrophenyl-B-D-glucoside) %
WTEHEFEE (50°C) Z{ro>/z& A, a2 bho—
JV® GRI-117-UK & H W2 8513 2.33X10°2U0 T
HDHDITHL, 5.36X102U (Sc-BGL1), 3.75X 10!
U (Sc-BGL3), 1.06X10U (Sc-BGLS) & WD EEHE
EHENAE SN TNWS, Zhs0d > hOo—)WITH
TEEHIL, 23000 15, 16 {5, 454 {5 &, MMtk

TTNIYFNBENZDH, WINbEMEERT &
U CERL /- DNA fHEDNEY TH o1 EFEAD.
£/, I—RINBHYNVER, -r7I)Vas5—
PIERZEZG LT TFT A AT VLA TEREEX
50N %. XIZT, KEHHY O Fujiflavone P40
(Daidzein conjugate; 26% , Genistein conjugate; 5.8
%, fho isoflavone %y 5 13%) #HEEL, & B-
Zlayy—¥ 300 Ljhs®iEI A, Fig.
20EDBEER LIRS TWAD, 120 B[ £ TRIGH
Mt N, SBERICKOULEITRbEY 7 U O
CDEREBNRESELRDZENHSMNERS .
S 51T 120 R RUBHRE TR OB MHRITE 2T /) O
CHEREE, 1V T IR VEREKDOEEFREN LC-
MS IZ Xk D@ S 7z (Table 2). FIGEY N D
RIGHERTH S 7))V T — AN, BERHZX DB

Incubation time
Oh

120 h

Centrifugation

Fig. 2. Production of Isoflavone Aglycone by B-Glucosidase-
displaying Yeasts
(A) No cells, (B) GR-117-UK (control), (C) Sc-BGL1, (D) Sc-BGL3
and (E) Sc-BGLS5 were incubated with Fujiflavone P40.

Table 2. Production of Isoflavone Aglycones (mm)

Isoflavone glycosides

Strains E;giggg: With With 6”-O-
glucose acetylglucose
Sc-BGL1 17.79 0.72 0.90
Sc-BGL3 7.24 11.52 5.99
Sc-BGLS 14.93 1.25 5.91
Without yeast 2.39 18.53 6.66
GRI-117-UK 4.33 14.35 6.00
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BIE TR SN, BERIEMEI S Niaho 72
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Rhizopus oryzae DY )N—+t  (Rhizopus oryzae
lipase; ROL) D7 4 A7 LA AL NTNS, 1Y
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ROL NEWHZEHET B2 TT A AT LA INE720
IZ, ROL & a7 7V F Z > ORI AR —H — 3 {F
ASN7z. ANX—HP—{F Table3 DL DIz, 7Y
SERYINEIRBERTFRTHSD., U H—DE
ST TERED EANHEREINTWS. £k,
ROL 253 F5 1 A7 LA LizBERZ Wz, HEY)
WS NA T T 10 —BIVRBHERE 65 B SO
IZ LB EEPBAKRGHRDICBIS2ERHEHRINT

, Humicola

W5, i, ®E/707Y O FeEgEfa Lz
ROL %, Fc EEMMEDDH % Protein A KD Z R
AT AAT VA BHTHRESIEDRNVBES
N, BfgEy NI BEOAME SR ZE R UREER TIT
DVATLY, B TFT A AT LARERHNTE
RINTWD, 10

32. CALBOHRF7T4A7TLA KIZ, BERE
DFTAAT VAKX DABINZRHOED Y
IN—CIRERICEDRY AT IVERRIZ DWW THE
Lz, R ZZTIVZHFRTEEIN D 2GR
M D 80% LA L&Y, BIEHmERYTZATIVD
ISFHEFOILK EEERDOEMMNTFEINS., Ih
EFTIREERIEICR D REAEESNTEZRY LR
TIVEREIZBWTIX, R"TA MNNAFTr /00—
WX HBREAMDDIBNERENNEEND. B
HTT a4 AT LA TRMERE T AT L1419 %
Z&ET, BOSTEEX 2BEFEOREINAEE T, "iEoD
JARNY T UMERETH S T I, MifaEEzsh
RN TTF 1 AT VA INFEBES T, AE
DEKME/ BRI EOHEITH MDD ST, &EiEk
IR SRR T E 2.

Tanino 5%, Candida antarctica Fi3£ ) )N—t B
(Candida Antarctica lipase B; CALB) #7315 1 &
T LA U BRI 2 R & Uz, RU AT
WEREEHREL TWD. D HINTWSHRY T
ZFIND1DTHEZRITFL T IPR—-KNDEFT
WELTnT7%)—=)V&T7PECBEHWZY T
Z 7 )l Dibutyl adipate (DBA) & &K i D37 H 1
7. BRODTIZRE BRI A H 2L L 7= ROL 5 «
AT VA EEREE CALB T 1+ X7 LA BERMHVS

Table 3. Linker Sequences of ROL-anchoring Protein and Lipase Activity

Lipase activity?

Hydrolyzed triolein (%)?

Plasmid Sequence of linker peptide (U/g dry celi) 100 he 150 he
pMW1 Not detected 0 0
pWGRL2P 9.1+3.3 46.5 67.3
pWRSLO 2.0+1.2 41.3 56.0
pWRSL2 GS 3.0£1.7 42.9 54.1
pWRSL7 GSSGGGS 3.4£0.5 41.9 57.9
pWRSL9 GSSGGGSGS 3.9+2.1 41.0 56.7
pWRSL14 GSSGGSGGSGGSGS 4.1+1.8 44.8 63.3
pWRSL17 GSSGGSGGSGGSGGSGS 2.9+1.1 46.4 77.5

a Lipase activity was measured by Lipase Kit S with BALB (2,3-dimercaptopropan-1-ol tributyl ester) as substrate. ® The amount of hydrolyzed triolein was
measured by gas chromatography. The initial amount of triolein was represented as 100%. ¢ Cultivation time.
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FOIAE—¥Z280L T, 1#illd-00REEZ
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o BB REMI I O ek DNA =N Fhic, Bz
R—HN—BEFEHNT4IE—FTDEALLD
5, BRIOMEEAICID NS ZAAL, BREL
T8avr—zYfufk LicH T 5% B CALB 5 «
AT VA BRNAIE I N/ 19 BRI CALB 7 «
AT LA BERETIE, WEORENCHAR2 5L ED Y )X—
YiEEZERL, BERICBISHEONES S 2
RIZHEmML Tz, ZoBME AW TRY 75
L 27 OR— M ERRBINPIBE S NG, &)Efl
MERWEARIEE KL, AEoMEEEET 2
RIS —MMEBRTEDLZENHSNEE ST,

UNR—=EDHFTF 1 AT LAIZDNTIE, Hiffio
ROL iIZ& B N1 A< XD &S, LEid CALBIZ
LB DEREEM L ZHERICIMA, TIAF
v JAEEW ORI T D b lE S NHED T
W2, 19 75 2Fy JLEMOBERSTT 1+ AT L
A BRI X 2 ROMEHIBNT, EFIMELAEME
L i3, Fig. 31TRT IV b—)V 2 fISHICRED
KU L% (DPU) &, Xy b—=)VEzEER
TWiRU L& > (STPU) MEmREI N, Lt
WEAEI CALB 7 1 27 L A BERF O RRIERICEHE L
T, BEMBEHREERHREI LD, RERER
CALB 1T & % 73 fRig AL 23 3FMl & 41, CALB T X
25 AT 4V A EITHE L7z DPU I, SBHEMER
THEBICHBINTVWD Z ENFRR SN, I RPE
YOFEEZDBFAIHAIMNERIND ZET, BRI
KDEDPROFEMNEIVEELDDEEZEZLNS.
SBOE SRR &, S REY O BRI S
EOBREHINEENS.

(A) 9 0 OH OH
Fchn NHg—o’\rJ\r/J\/o-}ﬁ
;[:f OH OH
(B)

i 0
fCTt:jmmrd“vA\/\foh

Fig. 3. The Chemical Structure of the Polyester Poly-
urethanes Synthesized and Evaluated in Biodegradability
(A) Dulcitol-containing polyurethane (DPU) and (B) Standard poly-
urethane (STPU).

33. VFF—EORFT4RT LA KIZ,
INE —IN 5 T L—)IN— DL BT B NI o) R
BEOT A XA T LA LHEDRHEITDNTHENT
%, WEEEeh 70 VT E ORI 2
5, BT L—N—LLTHHTHSNEHEIENE
BEL TWiah, UN—EE R\ EEEIENE O E
SH/ESHO LRI, BEEOBIE EIEMEITIKE L
KO ) N—BI3MEMHEDOH D & L,
KBNS IS DWEREITE L TWS, L, Biik
OUN—VIIWMEYHFODDXLD EHTH S D
T, WMAEWHRD N—E 2 A WZHRO X WEHEE
Wi OEEZINEEND. T I T, A. oryzae HE
DY FF—+¥ (EC3.1.1.74) ZBERDTT 1 AT
LA RIEAL, N —n5 EEISIE ~ D2 K
ISt A 547229 SED1 F O E—4 — D R,
DFF—Y e T FINFZ L ORMEELRT 2 /A
A 772 pK113-CutL (Fig. 4) 28 ALV FF—F
TAATVABRE, DWEECIVERLET FF—
YZ2I2bha—)LELT, N =5 OIS
DHRIZDOWTHRNS N/ (Table ). 7V FF+—+t
EBREICT A XA T LA LSS, 2k s
KOEHIEN 2L SN ENHSMNETES
. 28I, VFF—YERHAERTIEY NET
LRARANRETHIAAZE AL, AT OTHIAA
EHaL0 200 NN—EIEENESNS T EHVR
INTVWDE, ZOEDIE, THAT LA LEYF
F—CRE R OBIRNE & RN, K0 BN T
L= N—lEERNEWEI N,
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Amp”
ColE1 ori
URAS3
pK113-CutL
3’-Half of
o -agglutinin-

encoding gene SED1 promoter

Cutinase-encoding gene
(cutL) Secretion signal sequence of

glucoamylase gene

Fig. 4. Genetic Construction of the Plasmid for Display of
Cutinase on Yeast Cell Surface

Table 4. The Substrate Specificity of Displayed and Secreted
Forms of Cutinase

PNPB (C4) PNPL (C12) cﬁ?g?z
Displayed
form 115U/g-dry cell 1.2 U/g-dry cell 95.8
Secreted . .
form 617 U/ug-protein 252 U/ug-protein 2.5

PNPB; p-nitrophenyl butyrate, pNPL; p-nitrophenyl laurate.

4. HHYIC

Ty =T 4 AT VAEDN, KBEOT «+ A7
A REEL, BRI EREDHRDY >IN
BHRIICENT, BEDMD THETHD, KU1
MNAFT27 /02— REREEDT + A7
LAHMELT, BaBBESTFNT A AT LA
NTER. ARBICBWTIE, UN—EFIlay
Vi EOWEEBICEERBES FET A AT
LA UTBERER O BAEIC DWW THEM L, BEED T
T4 AT LA U T BRI A 2 7236l 7 O X
IZHBNT, PEERICHAEOIRH R Z ST 5
Mgt U CIERASNTERZ &2 RLE. 2O
KOWCERMEBMEET A AT L A1T2IET, AMT
WEFRR U 7ay o 722, SRERERIR ISR U THOE Sy >N
DBETAATLATHMAE =00, EdE
WX TF R RIVE S ZBERDT 1 AT L 1ICK
HDNAF VAT 4 T—3 3 > OEFEREKE L THEE
BRWHEN, KO FHINHE D & BRI YA A
HEINTWs. 2 251, #FF 4 ATLAITED
HEELEBBEENT I F 2 R0, BEELTO

WM Z AL TWD Z L2 RTm XA HE S h
B TWD, BRI H L 58 LT, & >N
D ERERERRT DY —VICEE ST, B TFT AT L
IR DA DHT U WiRERIEN IR & A& £ > T
BO, SHOIEEPRRCERSOEE T O XA
MINDZEEHFELEN D
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