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Selection of Constitutive Promoter for Excinulinase Production in Fed-Batch Culture of Recombinant
Yeast. Kim, Yi-Kyung, Ji-Hyun Ko, Youn-Hee Kim, Sung-Koo Kim!, and Soo-Wan Nam*. Department of
Micro-biology, Dong-Eui University, Pusan 614-714, Korea, "Department od Biotechnology and Bioengineering,
Pukyong National University, Pusan 608-737, Korea — In order to overexpress constitutively the Kluyveromyces
marxianus exoinulinase gene (INUI) in Saccharomyces cerevisiae, four episomal expression systems employing
GAPDH, ADHI, PGK, and ENO| promoters, were constructed as pYIGP, pADH1-INU, pPGK-INU, and pENO1-
INU plasmids, respectively. When S. cereviaise transformants harboring each plasmid were batchwisely cultivated
in the fermentor containing 5% glucose medium, no significant differences in the cell growth are observed. How-
ever, the expression level of exoinulinase and plasmid stability showed a strong dependency on the promoter
employed. The expression levels of exoinulinase were about 1.70 unit/ml for GAPDH promoter, 1.67 unit/ml for
PGK promoter, 1.29 unit/ml for ADH1 promoter, and 0.80 unit/ml for ENOI promoter. The plasmid stabilities were
maintained above 80% in all expression systems, except the GAPDH promoter system of 55%. Based on the plas-
mid stability and expression level of exoinulinase, the ADHI and PGK promoter systems were selected for the fed-
batch culture to overproduce exoinulinase. By the intermittent feeding of yeast extract and glucose, both promoter
systems gave the cell concentration of about 30 g-dry cell weight/l, but the maximal exoinulinase activity of 3.70
unit/ml and plasmid stability of 96% in the ADH promoter were higher than those (2.70 unit/ml, 80%) of PGK sys-
tem. Taking into account the plasmid stability and extended culture time, the ADHI promoter systems would be the
most feasible expression systems for the constitutive overproduction of exoinulinase through high cell-density fed-
batch cultures using non-selective rich medium.
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pYII[13}2 BamHIZ} Xbal2 2 H2jdle] 4L INUl &
#HE pVT-103U(BamHl/Xbal2E v]2] )l subcloning
Blo] FE3)93L, ENOI promoter & A ¢l pENO-INU
plasmid(8.6kby= pYK407 [81% BglllZ ¥ F 4
INUI 23 & pENO0-426 [20](BamHIS-Z njg] ZHth)o|
subcloningdle] F33}ivh. =3 pYK407& EcoRIZ}
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plasmid®] 2 2°] A LiCl ¥ (415 AM3lsitt
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0.5% casamino acids, 2% dextrose)E AFE-3lA31, 132}
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Fig. 1. Schematic diagram of pYIGP (A), pADHI-INU (B),
pPGK-INU (C), and pENOI1-INU (D) plasmids.
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127 1 umole2] 3R (fructose equivalent)ys AJA3h=
B40] kS 1 unit® AF2J3lgdv}. ¥]EA (specific activity)
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pYIGP(8.41 kb), pADHI-INU(.0 kb), pPGK-INU(9.19
kb) 2 pENOIL-INUB.6 kbys T3}t (Fig. 1). o]dj
INUI 8}5ell¥= GAL7, ADH3, PGK % INUI #9 A
AEAAL (terminator)3 ZhzF ARR-ElIT.

PYIGP, pADHI-INU, pPGK-INU 2 pENOI-INU plasmid
£ A7 SEY2102 5l AR F uracil 2 3
AvfiA}el SD HahufR|ell M A A E 13} AE3ICH
HAMZ FF5S sucrose T FIuiA|o)A] exoinulinase
3 oz 23 "4%%} %] exoinulinase A TE v)
w3kt (Fig. 2). 5422 SEY2102¢0| A= A A 3lo]
A3 Vep bR ooky AzF TFES T sucrose B3
AL Vel AAge] =719} 218 xR E 9 exo-
inulinase W&o v X3 promoterd] #|7]E GAPDH,
ADHI, PGK, ENOI promoter A4S AAH oz uje}
&g 4 e

SlEHIMO| ZRBAITE NUT ek
2} Al BR PAHRTES o]43led YPSD viR|e]|

A 7oA ZF wiieFsled A2, TAl2] exoinulinase A

Fig. 2. Active staining of exoinulinase expressed by yeast trans-
formants which were grown on YP plus sucrose agar plate.
(a) S. cerevisiae SEY2102 host cell; (b) S. cerevisiae SEY2102/
pYIGP; (c) S. cerevisiae SEY2102/pADH1-INU; (d) S. cerevisiae
SEY2102/pPGK-INU; (e) S. cerevisiae SEY2102/pENO1-INU

cd3dE), TAE exoinulinase A M| EA) 52 A8
oHFig. 3). L= 51740] %;on 12X177HA] A 542
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Fig. 3. Time profiles of cell growth (A), exoinulinase expres-
sion (B), and specific exoinulinase activity (C) in the batch cul-
tures of yeast transformants.

Symbols: (@), SEY2102/pADH1-INU; (I ), SEY2102/pENO1-
INU; (&), SEY2102/pYIGP; (@), SEY2102/pPGK-INU



23l o=dl, ol Clostridium endoglucanase®} mouse
Bacillus amylo-liquefaciens 30 a-amylase®] S. cerevisiae
o|Ae] B M= B2 B Qv [12,16,18].
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95%2] exoinulinase BAdo]l TALAM ZFA=7] v el
[14], ¥)&A2 AME2) exoinulinase BAE 7|Fo=2 AAt
slgdet. GAPDHS} PGK promoterd]2] 73-5- wisk 12A]7F
(A7) olFoM= |- F7P7E AgEe] 24X 774A]
A&t 28y, ENOIFF ADHI promoterd] 2] 73-9-ol]
B AA7) o]F v w3t A9 9. GAPDHE}
PGK promoterAloll Al wioF 24A17F o] F yefhe S
74 plasmid E2PA (plasmid X3 Al E2] vlge] &5
7}y dEolet A=, plasmid A3l 90% <A (Table
N2 A #X15E¥: ADHIS} ENOI promoterd ol A=
exoinulinase ¥4 744 IHAER] 2oy v|EA A
= 2gEhR] skt

RSO S] THIBATE INUT S

o|Are] 3 Hufef AFZIE] plasmid Al ¥
ADHI 2 WA= & PGK promoter H3AE AR
sled f7hlekS agsilnh. ToFgt frhieks a3l
=k wjok 70717k A 0] 2F FAFETT °F 30 g-DCWi
$Fo2 dolAl A frhekE HEH SR el
o} (Fig. 4-5). ADH1 48A|8] 3%, 57 &8 T
A FAFA L s dofbe, T 37te] ek wf
oF 30417t o] Fol M TAFAL ARt ALHAH. Wi
oF 04|17k o] FollM AAE oleh-S sk oE Ans)
A FA T o] Al&EE ZoE Hezlt13]. £ &
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Table 1. Comparison of cell growth, plasmid stability, and
exoinulinase expression in the batch cultures of S. cerevisiae
SEY2102 harbering pADHI1-INU, pENOI1-INU, pYIGP, or
PGK-INU plasmid

Cell Plasmid Exoinulinase AS pgs:flcl)

Promoter ~ Growth  Stability?  Activity (fmi t/é]

o 7 -

(g-DCW/) (%) (unit/ml) DCW)
ADHI1 15.1 98 1.29 91
ENO1 14.7 91 0.80 63
GAPDH 10.3 62 1.70 188
PGK 11.4 81 1.67 212

The culture medium was YP plus 5% dextrose and the results were
from 48 hr culture time.

UThe data were at 24th hr.

DPlasmid stability at the end of cultivation (70 hr).
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A ZA1S Helslr] 218 exoinulinase W3 5418 the]
AT} exoinulinase®] A (H)EACZ vlws] X (Fig
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Fig. 4. Time profiles of cell growth, glucose consumption, and
exoinulinase expression in the intermittent fed-batch culture
of S. cerevisiae SEY2102/pADH1-INU. Each feeding medium
(50 ml) was consisted of 10% yeast extract and 30% glucose.
Symbols: (@), cell growth; (A ), extracellular exoinulinase activ-
ity: ([), residual glucose concentration
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Fig. 5. Time profiles of cell growth, glucose consumption, and
exoinulinase expression in the intermittent fed-batch culture of
8. cerevisiae SEY2102/pPGK-INU.

Symbols are the same as in Fig. 4.
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Fig. 6. Time profile of specific exoinulinase activity in the fed-
batch cultures of S. cerevisine SEY2102 harboring pADHI-
INU (@) or pPGK-INU (4 ).

Table 2. Comparison of cell growth, plasmid stability, and
exoinulinase expression in the intermittent fed-batch cultures of
S. cerevisiae SEY2102/pADH1-INU and SEY2102/pPGK-INU

Cell Plasmid Exoinulinase  Specific
Promoter Growth!)  Stability?  Activity  Activity"
(g-DCW/) (%) (unit/ml)  (unit/g-DCW)
ADHI 30.2 96 3.70 164
PGK 28.2 80 2.70 154

DThe data were from its maximum values.
DPlasmid stability at the end of cultivation (70th hr).

g Wk QukFig. 3(C)). PGK promoter®] 7+ #i%
21217F o|¥, ADHI promoter?] 73 Wik 34417t o] F
vjgAd-e M3 FHAsledch PGK wEAle] 79 B3
a7t 94 dojup= 7L plasmid 23 wAlET] 5
7t Eolet AlE" . PGK promoterdl| Al FH B]EA-2
154 unit/g-DCW, ADHI promotercll A= 164 unit/g-DCW
£ Hoj(Table 2), Fuiofoll M W F WA Alolol|A]
o) HjEA] Aol AA] YsTh F, TG AR Pl
= PGK A7), ollghg 2% F7ol| M 4DHI 34
7t v $0EHE o 40 lgdnt weiA, B ATl AE v
M) a] of A5 AR (elehe Aol A, vl
ok 7ro] 7Rl I EME f7hleFell M= plasmid 9k
A o] A A== ADHI promoter WEA 7} B} ¥
2 exoinulinase W& A slE HA2E A=,

2 o

Kluyveromyces marxianus exoinulinase  Saccharomyces
cerevisiaee| X TA3H o2 pLd - A S8, TAH
promoterd] GAPDH, ADHI, PGK % ENOI! promoters
3ol exoinulinase FHAHINUNS] ORFE in frame2 &

A48 7}7+e] plasmid pYIGP, pADHI-INU, pPGK-INU
2 pENO-INUE 753819 ol& 4 plasmids 73
PAHIT 458 5T TE 5% vl BEaiekat 2
#}, ¢S A1 pro-moterel] Wk F xtelE HolA] A
9} exoinulinase W& 5F2 plasmid A AME-gH
promoters] FA FH$-HUt F, exoinulinase FHFFLE-
GAPDH, PGK, ADHI, ENOI promoter ZtZ} 1.70, 1.67,
1.29, 0.80 unit/mlsd 2™, plasmid HHA-2 GAPDH
promoterd| 2] 55%% A3 TF 80% oA E ¥
viebdel o]Ake] plasmid 9FEAdF} exoinulinase WE T
S 3jsled, ADHI ¥ PGK H3AE s foleneg
319}, Yeast extractt} TS 7HEAH o2 I {7t
wjek Az}, F 2&@A A ok 30 g-DCW/Y] TAEEESE o
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exoinulinase A7 96%2| plasmid FEAS B, vt
Hell PGK promoterdlE Z+2t 2.70 univmi}t 80%% e}
wdet, webA], plasmid SFAF 20 iofAIzkS 1eiE
o), B A JoPl RS ARSI LEEME f7he) gl
A= ADH! promoter’} exoinulinase®] A3 zpdd - A
Alel v 3 7oz Algsd

#Ate &
B A7 SefdiEae] 1999 T (R
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