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Expression of Inulinase Gene by Yeast Constitutive Promoters
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Department of Microbiology, Dongeui University, Pusan 614-714, Korea

Abstract

To express constitutively the inulinase gene (INU1) of Kluyveromyces marxianus in Saccharomyces cerevisige, three
yeast promoters such as GAPDH, ADHI and ENOI1 were connected upstream of INUI. The resulting plasmids,
pYIGP, pADH1-INU, and pENO-INU were introduced to S. cerevisize SEY2102 host strain, respectively, and then each
transformants were selected by staining of colonies on sucrose-agar plate. When the yeast transformants were
cultivated on 2% dextrose media, the total expression levels of inulinase reached to 1.11 unit/mL, 0.88 unit/mL, and
0.69 unit/mL for respective GAPDH, ADHI, and ENOI promoter systems. On 4% dexirose media, however, the
inulinase activities were observed at 2.00 unit/mL for pYIGP, 0.71 unit/mL for pADHI1-INU, and 140 unit/mL for
pENO-INU. This result indicates that the constitutive expression of INUI was significantly affected by the initial
concentration of dextrose and the promoter strength was in the order GAPDH, ENO1, and ADHI promoter at high
dextrose concentration. Taking into account the plasmid stability, however, it is suggested that the ENOI promoter
system is more suitable for the INUI expression on high dextrose medium or in the fed-batch cultivation
accumulating ethanol at high level.
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9 inulin® ¢k 35709 #F (fructose)o] B-21 AFLZ
AZH Y glod, dade XTxPo| 3 Ba AFEH o
£ polyfructan® 2 1970 dto] Kluyveromycesdy HE 9}
inuling o] &3] oeg ¢ A EgHNF (SCP) A4

MR

WA, A 2 WA Fetn 58 HsxE 3
agld] AAHez AuEHD Ye HALR (Jerusalem

artichoke; Helianthus tuberosus)= 538 & 4382 3
o] /4% &1 7 (tuber)e] T ¥ E 85%7} inulino|t} [1].
I ez telel, A, 99 FE AF BFIE
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T7h w3 AFHAE 2 F vAE {9 inulinaseE
AHE3HY inuling E4 7HpEES|AlA ultra high-fructose
glucose syrup (UHFGS) 2 I¢E 33 A4S AE8 g
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2 [10], 3 AZY AF Saccharomyces cerevisined) A &
#H inulinaseE o] &3} inulin® 2 5E TG 4ato] B
AT [25]. ®3F difructose anhydride [18]¢} inulo-
oligosaccharide [6] & 444 ZAv|§9 Y482 = inulino|
EV| A

Kluyveromyces 2]l inulinases T (inulin, le-
van), raffinose ¥ sucrosed T© p-21- EE §-26-
fructofuranoside A¢-S AW B-fructosidased HA
oW, 1 §AA} (INUI)7} cloningE o] F7)1X o] ¥& 3
I [78], AR S cerevisiee ) NT AEHow FHFYT
[13,14]. 28, FAHA AZF 71&L o83 S cer-
evisiaed) A inulinase 42 o2 AisHe AEe
#A71A 2o vk gloh

by, 2 dFdMe AR S cerevisized| A AN 2T
inulinaseE thFo 2 W - AAE7] e VRETE, E
2 copy number (100 copies per haploid genome)E H
o] 2 u-based episomal vectors (YEPs) [16]9} &=} &
o] FAFA 3} vl st dojube 43 (constitutive)
promoters (GAPDH, ADH1, ENO $)& o] &3} 339
AZ§ plasmidE 7381, o]E plasmidE FAASE
Az AR HFe F3 27 X9 Fxo @
Zt A3 promoter? ZEE 4% - HIFLZA inu-
linase A4S TAHOE ity . Hu] - Aakste &3 <
promoter-host A& AdstuA gt

7293

Mz L

ABTF I plasmids

B dFel A8 R £FAEE haploiddl S. cer-
evisisee SEY2102 (MATa wura3-52 leu2-3 leu2-112 his4-519
suc2-49) [3]ZM uracil, leucine ¢ histidine 274 Ho]
Zo|t}. Plasmid 7% 2 ZEZS 93] E coli IM109¢}
DH5¢ & AME& gttt pYIGP [12], pVT-103U [21] ¥
pENO-426 [20] plasmidE GAPDH (glyceraldehyde-3-
phosphate dehydrogenase) promoter, ADHI (alcohol
dehydrogenase 1) promoter @ ENOI (enolase) promoter
gog 27 A3t} olF plsmide &T AYEA
2 URA3 (orotidine-5’- phosphate decarboxylase) &%}
&€ AR EAYCE 24 XEE T3t ATk

154 / A58

M=% Plasmid HE ¥ HEH

GAPDH promoter @A & pYIGPE AH&-31931, AD-
HI promoter ¥&A S pADHI-INU plasmid (9.0kb)=
pYI1 [12]& BamHIz Xbalo2 Helsto] dL INUI &
HE pVT-108U (BamHi/Xbal ©.2. vl2] Hd)o] subcloning
ale] P3¢, ENOI promoter &@A ¢l pENO-INU
plasmid (8.6kb)E pYK407 [7]& BgllZ X3 & Qe
INUI @82 pENO426 [20] (BamHI.E w|g] Ao
subcloningdte] 7&34th (Fig. 1). AZF plasmids T3
of AHEE AA2 AZF 714L Sambrook F¢ WH
[19]%, o]& plasmid®] EF 29 ¥AAZL LICl Y [4]
& AHEEFAT

s

22 YEMEA MY uiLxH

2T YAARA S 124 WS A WAZE SD #A
(0.67% Bacto-yeast nitrogen base without amino acids,
05% casamino acids, 2% dextrose)E& Al&3l1, AR
AAEA colonySZHE INUIY LHFFE 243
ZAVsE7] 918 2,3,5-triphenyl tetrazolium chloride (TTC)
A9 [13]& AMg-8t 24 AE3tdeh 5, 2% sucrose
& YP agar ujA|o]A 48A1ZF e AR FA A
colonyS¢ 2§42 AA% ¥ TIC (01% in 05 M
NaOH)& 02 2083 vhgAFATh 10% A2 AH
3 & Yehs colony F99] A48 AR BHE
inulinasedl] ¢} inulino} FYF (fructose)2.2 7}4-5-3f
HS S vehdok 23 ddE AR YEARAS YPD
HlZ] (1% Bacto-yeast extract, 2% Bacto-peptone, 2%
dextrose ¥+ 4% dextrose, 7] pH 55)% 50 mL 3
3l baffled-flaskol] 4 30°C, 180 rpm ZH o2 A vl
a4

FHsE, ZTY, A U Plasmid 284

FAFEE AN ARG IS AP vl
€2 543t §4F5A (Shimadzu UV-160A, Japan)E
AHg-3te] 600nmol A BE (ODs)E S733tsich wFd
$ 3000xg oA 58 F¢ LT F S AT5AE
A1, dinitrosalicylic acid (DNS) ¥ [9}& AM&-3tdd 2
Z 359 558 Z4Yr) Plasmid HHAL wjFy
€ A3 FyAsta YPD FoujAd =uE F A



axel 74 promoterEol 9% Inulinase #Axbe] &¥
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Fig. 1. Schematic diagram of pYIGP (A), pADHI-INU

(B), and pENO-INU (C) plasmids.

Restriction enzyme sites; B, BamHI; Bll, Bglll; C, Clal; E,
EcoRl; H, Hindlll; P, Poul; Ps, Pstl; S, Sall; Sa, Sacl; Ss,
Sstl; X, Xbal; Xh, Xhol.

100-20074¢) colonyE SD ¥ A2 toothpicking® ot
S AR colony 59 H (WEL)E ZFAT

TH2E ¥ 54 Y W

74 AAEL Zymolyase 100T (Seikagaku Kogyo,
Japan)s} glass beads (0.4-05 mm)E AH8-3td AMTE
g2 golon [14], o] ¥YH wjFdFAE A3t
inulinase 84-& 2434 th Inulinase #4& 1.5% inulin
(Jerusalem artichoke, Sigma)2 7|42 Al43ld ZA34
o pH 50 (0.1 M Na - acetate buffer), 50T~ 1822
1 pmoled] BY (fructose equivalent) & A4she AL
o %S 1 unit2 Aot v (specific activity)=
7 54 BHE AEEE (ODwo)Z Urol A Axstdth
2 g4 Z4A #4439 A3 DNS W 9] A8
sl

2o ¥ D&

22 I e MY

S. cerevisine®] XY FA 2 promoterE GAPDH,
ADH! % ENOI1E Al£3 3 olE promoter 379 INUI
9] ORFE in frame® 2 A% 2479 plasmid pYIGP
(8.41kb), pADH1-INU (9.0kb) @ pENO-INU (8.6kb)2 7
2319t} (Fig. 1). oW INUI 8}§o]& GAL7, ADH3 2
INUT f29] AAEAA (terminator)7t 22} AME-H AT

pYIGP, pADHIINU, pENO-INU plasmidE SEY2102
#7o] §AABN F wacil 28 LAY SD H
ol M HAHEAE 14 HEAct F4HE AFE
& sucrose 3 HAuf o)A inulinase A GO E 2
A 483 9§ inulinase $EALE Hl w3 HT (Fig 2).
SFEAELY SEY21020 M= A%k AFH vehtA 3%

A2 FFES ZF sucrose BHEHE UERNL
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Fig. 2. Active staining of inulinase expressed by yeast
transformants which were grown on YP plus
sucrose medium.

(a) S. cerevisiae SEY2102 host cell

(b) S. cerevisiae SEY2102 horboring pADHI-INU plasmid
(c) S. cerevisize SEY2102 horboring pENO-INU plasmid
(d) S. cerevisize SEY2102 horboring pYIGP plasmid

2% FeFuiRoiME T izl dojue 1243t
A FAFAE W, inulinase FHL 36484747}
A ALEHULY 4% TP A A i 24X Tute] ¥
£29 :ze] Yojton], inulinase LHE gz E
B AlFs ol wlgDr|Ad R2ANAA A&FHo 2 Yok
. BE FFEL MY RAAA h5F271E Bojtt
7t 257w FAYCl 1247 o|FFHE FA7]Y
Eozte, AA7|AME AT FAFHLS ALHA
th 57 172 Fof dojue FAZTAL ALE e
g AE7} Bagos ogdy) groz HAAH [12,
inulinase W&o| A7 % A&HE ojfe E d7d
ARE3E A3 promoter?] EAIQ growth-assoaciated
expression (FH 4 0] dojute 3 FHA HHEE AH)

Foz AlgEth [11]. %3 4% EEFMY AESEE
7t 2% ExT 1T IA FretA ¥ olfe A
I e BAZe dAuFow Azdg. a3, inu-
linase @& (F4)& ADHI promoter AE A3t
GAPDH$} ENOI promoter?] 3% o 2v) A% Z7}3H&

156 / A7

2e
100 25
=
3 0B
€ n 3
1 118 &
5 g
] =]
3 110 3
5 ! 3
@

© is é

0.1

12
T w0}
=
£ s}
Z
= 0.6L
3
<
g 04
£
3 02
=

0~0 1 1 i —l L L

6 10 20 30 40 5 60 70
Culture Time (hr)

Fig. 3. Effects of constitutive promoters on cell growth
and inulinase expression on YP plus 2% dextrose
medium.

Symbols: (O,@), SEY2102/pYIGP; (T.m), SEY2102/
pADHI-INU; (/,A), SEY2102/pENO-INU. Open symbols
are the concentration of residual dextrose.

@ & Utk ojsk Zo] 74 BFANN FAF=S

Q
&
A gAY ARD wABAL ARHA B
Clostridium endoglucanase®} mouse ¢-amylase®] S
cerevisiaed) A9 RN #ZH ul Yo} [11, 15

7S TE Inulinase E49) Bis}

Ixd ¥5d B2 FAH promoterd FxT (Hd%F)
S AY3) 2A3| 98 dFAFEZ inulinase #4
Z, H|@xo) 7ZHAW3E GAPDH, ADH1 % ENO1
promoter WA 2 2Alac} (Fig. 5). v F 6017w
inulinase 43¢ MEUS] B X (E& LHIEE)E 24
A o 95%2] FAdo] ME YoM ZAHI7] Rl (Table
13} Table 2) H|&Ae& AFZ EulH inulinase 4 &
7IE2E Ao

Fig. 5014 B uist o] GAPDHS ENOI promoter



AR F43 promoterSo] 93 Inulinase FH7te] WE

Cell Growth (ODew)
Residual Dextrose (g/L)

Inulinase Activity (unit/mL)

¢ 10 20 30 40 50 60 70

Culture Time (hr)

Fig. 4. Effects of constitutive promoters on cell growth
and inulinase expression on YP plus 4% dextrose
medium.

Symbols are the same as in Fig. 3.

A S W 71 (BA7) o)M=z gAY F77t
AL S A ADHI promoterA|9] A$oE AA7] oF
g4 Wyl A9 §isith 4% TEF FEAA Al 40
A7t o] H|@/d-& GAPDH promoterAo A 7+3 @A
A Z7}stdem, ADHI promoterd] 9] A%< 239
A FAEYh ol oeE 2E7|TNE GAPDH
promoter7} 7 #8850 $5EE AAGTh

ujok 60A7tue] A3} (Table 13 Table 2) R
GAPDH$} ENOI promoterA| 9] A% X9 F%7} 2%
BT 4% o of 63% Fx9 vl&4d F7te Hehhdch
8|7+ ADHI promoterd] 7%+ 2.3]8 ul&@Ac] o 40
% Z2skdoh ol#3t Az promoter £ o]z
GAPDH$} ENO1 promotere] A9l 2719 & Ik
3 5 B2 A& FA4bo] inulinased] FHIA =
27 9F& AR ¢¢go g FHHW, ADH] promoter
AeE g A% 2T (FAteE) Aszt ¢
AZ4ghe Jehdch A2 ADHI promoterg o] £3t
Bacillus amyloliquefaciens -amylase &4 &g &
Z7Zol A ADHI promotere] #4 (AAg)S ZaFol
R EA [17].

o]42 2 inulinased) 7AH WHL 27 ¥IEY &
o] #AIgle] GAPDH promoterE o] &3 & w7} ADHI%

fo,

Table 1. Comparison of cell growth, plasmid stability, and inulinase expression in S. cerevisiee SEY2102/pYIGP,
SEY2102/pADHI-INU, and SEY2102/pENO-INU after 60 hr cultivation on YP plus 2% dextrose medium

Cell Growth

Plasmid Stability

Inulinase Activity (unit/mL) Specific Activity

Strai .
s (ODex) (%) Medium Cell (unit/mL/ODg)
SEY2102/ pYIGP 29.6 35 1.09 0.02 0.037
SEY2102/ pADH1-INU 324 98 0.82 0.06 0.025
SEY2102/ pENO-INU 26.7 91 0.65 0.03 0.024

Table 2. Comparison of cell growth, plasmid stability, and inulinase expression in S. cerevisise SEY2102/pYIGP,
SEY2102/pADH1-INU, and SEY2102/pENO-INU after 60 hr cultivation on YP plus 4% dextrose medium

Strains Cell Growth

Plasmid Stability

Inulinase Activity (unit/mL) Specific Activity

{ODsao) (%) Medium Cell (unit/ mL/ODsgn)
SEY2102/pYIGP 321 33 1.95 0.05 0.061
SEY2102/pADHI-INU 439 99 0.67 0.04 0.015
SEY2102/ pENO-INU 33.7 81 133 0.07 0.039
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Fig. 5. Time courses of specific inulinase activity on 2%

or 4% dexirose medium.

Symbols: (O,@), SEY2102/pYIGP; (Om), SEY2102/
pADHLI-INU; (A,4), SEY2102/pENO-INU. Open symbols,
2% dextrose; closed symbols, 4% dextrose.

ENOT promoter Z¢¥r} 84 © $58S & 4 AN
. 28y, plasmid ¢HEA EWelME ADHIZ ENOI
promoter W37} GAPDH promoter 73-$-9 34%Ht}
2R Aol 80%ol e Kk BEAHoE & T
FxoA 744 promoterd] B4 (UdF)T GAPDH,
ENO1, ADHI promoter <08 YEIA®, X7 ¥53
T =& Wy dgs Aol A4 {74 widalA
£ ENOI promoter7} inulinase®] 747 & - Ak
o ¥ Ao Aggch
2 o

S. cerevisige®] HEZHS FA A promoter® GAPDH,
ADH1 % ENO1E A}&3l3 ¢)E promoter 3159 INUI
°] ORFZ in frame2 2 WA Z29] plasmid pYIGP,
pADHI-INU 2 pENO-INUE 7%3}4gt} o]E plasmid
£ 343 AZY S. cerevisiee SEY2102 TFE-& sucrose
i A HES &, 27 IRT $EI 2% &
E 4% WANA RS W), ZE FFELS 1247 ]
FRH AAAC golzten, FAANME =A% 7
A543 inulinase L& ALHYT 4% ExF wj Ao
A inulinase F@#aS ADHI promoter AE A 951

158 / 33537

GAPDHS} ENO1 promoter?] 7% 2% T=% iz o 1B
o} oF 26 27} 20 unit/mL3} 14 unit/mLE 22 B
o @AFAFED inulinase &4 =, 8184 & GAPDH
S} ENO1 promoterA| ¢ 79 X3 5571 4% o 2%
Wrct o 63% FxY WFAY FI7HE Jehldh s
ADHI promoter®] 7Z-$= 238 8|#Ao] o 40% 74
3t} 28y, plasmid P4 Sl ADHI ENOI
promoter L&A 7} GAPDH promoter 7-$-¢] 34%Rth
Y Hold 80%0l4E BAT ZEHoZ £& TG
TEAA FAA promoterd] A (2¥%F)e GAPDH,
ENO1, ADHI promoter 2.2 Uelygzah, 27 ¥
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