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Effect of Amino Acids and Dissolved Oxygen on Expression
of Invertase in Recombinant Saccharomyces cerevisiae
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Abstract — In order to improve the productivity of invertase by recombinant Saccharomyces cerevi-
siae containing SUC2 gene, the effect of amino acids and dissolved oxygen concentration on the
gene expression was investigated. Optimal concentrations of leucine and histidine for cell growth
and cloned gene expression were 0.03 g/g and 0.04 g/g, respectively, expressed as the ratio of
amino acid/glucose. The lack or excess of leucine and histidine has inhibitory effect on cell growth
and invertase expression. In batch culture, the less aeration was, the higher invertase activity
was. In continuous culture at a dilution rate of 0.09 h ' with controlled dissolved oxygen tension,
invertase activity increased dramatically at DOT levels below 5% air saturation, and a maximum
activity of 215.54 KU/g cell was obtained under unaerated condition.

e

T A 237ee] WAl et AHxg v
NEG o] §3le] oo g Fag C\-‘:‘Ex e ﬂﬁf
3 71Ee] A &ste] YAkET &
olu| x4k 5o {83 XA} AHES
odtrh kst A A=A Qdok(1). A

o] &l FEAIES A Hog A4ty
HEFEN ZAs= A )‘}i-'] "é!
spr] Aok &b, ol F Hte] A F

Fedh %ol 4 Qe vEE uﬂokz}

A 7] ﬂﬂ%i

st 3
pue

A X2 SUC2 gened invertase?] TZ-5-312}24]
AR FgA S H3 AxF Eekav)
=9l Az da] o451 Qlci(2). SUC2 promo-
tere] WE2 wiAF FTro Fxd oste] HE
ol Tl de] oAAE L Agiol A

siA|F)o] invertase Aol &#z13] Z7bEc(3). A

A‘j I}

Key words: SUC2 gene, Saccharomyces cerevisiae, di-
ssolved oxygen effect, amino acid effect
*Corresponding author

348

(4)3} Jang(5) 2] ¥ 3o b 371-el 246 A
B} 8714el 7oA invertase B]&Ade] t] FA
et} SUC2 gened] wH&e ¥ ¥u) =T o]9ox
BEASEE oJsfaln #HAs) of 8kS whi=x)
b A 23 v EY T vds 98 <= ba-
23cH(6). Ba-

EJLB{} _1_.5‘

lanced nutrient medium® AA7} £
lanced nutrient medium-2- - ) A 2o
AAES g3t olojM F20e s oy ¢

ocl:)\

¥ol AHOE A%t B e Gabo] A ehL)
UEE 5] 9 Aolch S8 nEE g A
o FAFEA %7 el wjA gEe] Aw)
¥EH7] 90, ARG BT A WA o]
FAA R G vARE Fo) o0 A 24 S
dAsA ko <rEe,

op

&t S, cerevisiae SEY
FoT-A HdFolm
TEE

Aol BAdFE A}
2102+ leucine®} histidine
ARE-EhE 7] Al Edol] ute}l A A
uf-¢ Fo35ich weba ofE
H74ets @A A5 invertase
cine? histidine % % £&4k49]

A

e}

FH



Vol. 20, No. 3

HESHAT
e R oYY

AERFE S EdRAn|=

B Ao A A3+ F4= chromosomal DNA$]
SUCZ geneS AAA)Z (suc2-AS) Saccharomyces ce-
revisigze SEY 2102(MAT aq, ura 3-52, leu 2-3, -112
his 4-519, sup-am) & 3%, A}4-3}3. amber muta-
tion¥ invertase 7% F%HA SUC2E yeast shuttle
vector YEp24ell 2| 3=3}+]17) pRB58-& vector® A8
Blodch(2).

BH X

2 Aol AMSgF deuiR| = = o] fe] Ut
YNB 6.56¢, succinic acid 10g, NaOH 6g, (NH,),SO,
1g % leucine3} histidine2 §-i3F2 il 8v]A €
vl 2= Mgk A= el R| el uracil 30 mg/lE #7851
A&} o},

Wl 2Falty

AT =X 2 AeA A& SdsA 331
At} B E Ayl HFSTS 48417 st A4
ol ] 25| 5ulFol & 2% glucosed E§3h= 100 m/
Al R 7} = 500 md Atz EelaTd AEs 3 30
Coll &1 wjtsleict. Invertase activity?} vJehGR] 9%
= g 4718 F7he]l == 21417 vl ekt ¥ 60
mlE FH3to] dAlFeiste] AsAE A AL, A
AgjAgda= 39 A Aot Hujefle] £x53-& A
& & of 104 mg/6ml HEEEE AT} F

= A¥e] HEsde g Abgsldch 33 3 A%
v ok2- 2/ jar fermentor(Marubishi Co., Model MD-
250) ol 4 working volume 1/, ¥ e}& 5 30T, pH 54,
wakEE 300 rpmel| 4] a3kt

A gk

AEkE v)gyel|  2lste]  spectrophotometer
(Shimadzu Co.) &2 640 nmellA] &A% % uvlg] =z}
Adete] & deFd e B Re A% gA e ek
Glucose®] A ek2- 2365 glucose membrane kite] H
ZHE]l Yellow Spring Instrument(YSI ; Model 27)-8-
A}-g-5led 2 A 3}eir). Ethanol®] A a2k gas chroma-
tography(Varian 1440) 3} 2386 alcohol membrane
kitS WAE YSIe S3Astoict

349

Invertase #8553

Bl 2miE 4,000 rpmell A 587+ 48213l
HAE 33t F F7T2 Aot AH A S
5] B M3 3 1.5miol pH4.72] acetate buffer
0.5 m/E &£ ¥ 30C water bathell 4] 10% sucrose
S (w/v) 1miE B3 3E7F w343 k& DNS
AloF 15mis Frbsted Be 44 587 whg
AlZE F 325 Fo YZ2HAIZ o 2HFT 10miE
E33E H 540 nmol| A FFEE A sle] TF A0
o]sle] invertase activitysE FH4F3ledt) Invertase
activity 1 unit+ 30C, pH 4.7¢14] 10% sucrose®} 3
7t vk-&-3sle] AAVE 1 umol?] glucose® A o5t
t}.

4zt % oF

Leucine H7i2k|| 2|8t HSk

Leucine #7}eko] F AR} invertases] 3o
MR S AHEY] fEed TS 10gd A
7+gF vl R]of] leucine FX=E 0, 0.03, 0.15, 0.3, 06
R 1S5 g/IE 7tz H7IRE e Ao A Eej=w)] okslel
t}. Histidineol] 2]%F ©33k2 uiAls}7] $sle] m &
v Z]ol] 0.3 g/l 2 F83] EolF9]r). Fig 194 leu-
cine ¥kl @ FAAPZE AHEA leucined
7}e1A] o AHS dFA7F AE WSS R b

3.5

D
4z

(\

Cell mass (g/)

20 30 40
Time (h)

Fig. 1. Effect of leucine concentration on the growth

of recombinant §. cerevisiae.
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Fig. 2. Effect of leucine concentration on total invertase
activity of recombinant S. cerevisiae.
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Fig. 3. Effect of leucine/glucose on the growth and spe-
cific invertase activity of recombinant §. cerevisiae.
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Fig. 4. Effect of histidine concentration on the growth
of recombinant §. cerevisiae.
Histidine concentration (g/); J: 0, a: 0.01, A: 0.02,
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Fig. 5. Effect of histidine concentration on total inver-
tase activity of recombinant S. cerevisiae.
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Table 1. Invertase activity of recombinant S. cerevisiae
under various aeration conditions

Aeration X E E/X
(vvm) (g/1) (KU/D (KU/g cell)
0.0 0.460 55.92 119.45
0.1 0.505 55.88 108.49
0.2 0.553 47.00 88.19
0.6 0.560 48.68 81.11

X=dry cell weight
E=total invertase activity
E/X =specific invertase activity
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Fig. 6. Effect of DOT on steady state enzyme activity
in chemostat culture (Sy=10g/i, D=0.09 h").
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Table 2. Steady state data of chemostat culture of re-

combinant 8. cerevisiae under various dissolved oxygen
tension (DOT)

DOT (%)

0 0.8 4.8 224 518

X(g/) 1.393 1478 1647 2066 2.184
E(KU/1) 450.38 28567 18192 7133 62.55
E/X(KU/g celi) 21554 12885 73.64 2302 19.09
Glucose (g/) 014 054 014 068 149
Ethanol (g/I) 3.44 2.65 213 161 0.73
Yyss 0.141 0.156 0.167 0222 0257
Yass 0349 0280 0216 0164 0.086
X=dry cell weight
E=total invertase activity
E/X =specific invertase activity
Yys—growth vield
Yas=ethanol yield
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Fig. 7. Chemostat culture of recombinant S. cerevisiae
under microaerobic conditions (Sq=2g/l, D=0.2h ',
0% DOT).
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Table 3. Steady state data of chemostat culture of re-
combinant S. cerevisiae under microaerobic condition

Aeration (vvm)

0 601 002 003 005

X(g/h 0272 0270 0280 0291 0.309
EXU/) 10574 9008 9341 8835 79.75
E/X(KU/g cell) 259.16 22241 22240 20242 172.07
Glucose (g/l) 0.078 0074 0.054 0049 0.051

Ethanol {(g/f) 0650 0444 0433 0400 0.329

Stability (%) 99 99 99 100 99
Yyss 0.142 0.141 (0.144 (0.149 0.158
Yas 0.066 0045 0044 0020 0.016

X=dry cell weight

E =total invertase activity
E/X = specific invertase activity
Yy s=growth yield

Y. s=ethanol yield
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