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Effect of Culture Conditions on Expression and Secretion of Inulinase and Invertase in Re-
combinant Saccharomyces cerevisiae. Soo-Wan Nam*, Dong-Ha Shin and Youn-Hee Kim. De-
partment of Microbiology., Dong-Eui University, Pusan 614-714, Korea - The effects of medium
pH and culture temperature on the expression and secretion of inulinase and invertase were in-
vestigated with recombinant Saccharomyces cerevisiae cells. These cells were obtained by transfor-
mation of 2 u-based plasmids pYI10 and pYS10 which contain Kiuyveromyces marxianus inulinase
gene (INUIA) and S. cerevisiae invertase gene (SUC2), respectively, in the downstream of GALI pro-
moter. The expression level and localization of inulinase and invertase were not affected significantly
by the initial medium pH: secretion efficiencies of inulinase and invertase into the medium were about
90% and 60%, respectively, in the pH ranges of 4.0 to 6.5. However, the expression and secretion of
both enzymes were strongly dependent on the culture temperature. The highest expression (7.7 units/mL)
and secretion (6.7 units/mL) of inulinase were observed at 28 and 307C. As a consequence of de-
creased localization of inulinase in the periplasmic space, the secretion efficiency increased from 68%
at 20T to 95% at 35C. The total expression level and secretion efficiency of invertase increased from
19 units/mL and 55% at 20°C to 25 units/mL and 68% at 357, respectively. Irrespective of the culture
temperature, the invertase activity in the cellular fraction (periplasmic space and cytoplasmic fractions)

was kept constant at around 33~45%.
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M E AHA 2+ invertased AL ?1310*1 RH;“’E’J‘ in-
ulinase?] &4 S & A3 g T Qict. E
coli-S. cererisige shuttle vectord] pYES2(} (Invitro-
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Fig. 1. Effect of initial pH on the cell growth and inulinase
expression in S. cerevisiae SEY2102/pYI10. (a) pH profiles,
(b) cell growth, (c) inulinase expression.

Initial pHs are 4.0 (O), 4.5 {{1), 5.0 (&), 5.5 (V), 6.0 ({), and
6.5 {(Q). (open symbols), extracellular inulinase activity; (closed
symbols), whole cell inulinase activity.
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Fig. 2. Effect of initial pH on the cell growth and invertase
expression in S. cerevisine SEY2102/pYS10. (a) pH profiles,
(b) cell growth, (c) invertase expression.

Symbols are the same as in Fig.1. (open symbols), extracellular
invertase activity; (closed symbols), whole cell invertase activity.
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Table 1. Effect of initial pH on the cell growth, plasmid stability, and inulinase expression in S. cerevisiae SEY2102/pYI10. The
measurements were made at 60 hr cultivation on YPDG medium

Initial Cell Growth Plasmid Inulinase Activity (units/mL.) Secretion
pH (ODow) Stability (%) Medium Periplasm Cytoplasm Efficiency (%)
4.0 327 85 6.76 1.03 <0.01 87
4.5 31.1 89 8.11 0.98 0.03 89
5.0 32.2 88 7.86 0.98 0.04 89
5.5 29.9 86 6.76 0.80 0.01 89
6.0 29.6 79 5.58 0.70 0.02 89
6.5 28.7 80 6.03 0.68 <0.01 90

Table 2. Effect of initial pH on the cell growth, plasmid stability, and invertase expression in S. cerevisiae SEY2102/pYS10. The
mg{asnrements were made at 60 hr cultivation on YPDG medium

Initeal Cell Growth Plasmid

Invertase Activity (units/mL) Secretion

pH (ODeu) Stability (%) Medium Periplasm Cytoplasm Effciency (%)
4.0 33.5 78 8.96 3.91 3.29 55
4.5 348 82 11.09 402 2.86 62
5.0 33.6 75 11.45 3.80 3.20 62
3.5 334 85 12.24 3.93 3.51 62
6.0 35.1 81 11.76 3.37 3.23 64
6.5 33.7 &7 11.81 3.75 2.66 65
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Fig. 3. Effect of culture temperature on the cell growth and
inulinase expression in S. cerevisiae SEY2102/pYI10. (a)}) pH
profiles, (b) cell growth, (¢) inulinase expression.

Culture temperatures are 20°C (), 25T (), 28T (&), 30T
(), 33T (), and 35C (QO). (open symbols), extracellular in-
ulinase activity; (closed symbols), whole cell inulinase activity.

2 7217744 AldE g}, 53], 33Ce 35Ty w2 =
T oA invertase H-Ble} ¥l& gko] gogS- o 4= qir}
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3l (periplasmic space®} cytoplasm)eollA1 8] F-v]=)4d
& Table 3 (SEY2102/pYI10)3 Table 4 (SEY2102/
pYS10)ell Aejdpsdcl, dAlFEs 28T-33C HH oA
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Fig. 4. Effect of culture temperature on the cell growth and
invertase expression in S. cerevisine SEY2102/pYS10. (a) pH
profiles, (b) cell growth, (¢) invertase expression.

Symbols are the same as in Fig.3. (open symbols), extracellular
invertase activity; (closed symbols), whole cell invertase activity.

Table 3. Effect of culture temperature on the cell growth, plasmid stability, and inulinase expression in S. cerevisiaze SEY2102/

pYI10. The measurements were made at 60 hr cultivation on YPDG medium

Culture Cell Growth Plasmid Inulinase Activity {(units/ml.) Secretion
Temperature (C) (OD) Stability (%) Medium Periplasm Cytoplasm Efficiency (%)
20 24.5 87 1.50 0.70 0.02 68
25 23.6 86 3.09 1.07 0.07 73
28 33.8 78 6.60 0.97 0.19 85
30 30.0 86 6.76 0.80 0.01 89
33 32.1 67 2.58 0.28 <(0.01 90
35 25.0 65 1.15 0.06 <0.01 G5
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Table 4. Effect of culture temperature on the cell growth, piasmid stability, and invertase expression in S. cerevisine SEY2102/
pYS10, The measurements were made at 60 hr cultivation on YPDG medium

Culture Cell Growth Plasmid Invertase Activity (units/mL) Secretion
Temperature (C) (ODgu) Stability (%) Medium Periplasm Cytoplasm Efficiency (%)
20 19.1 86 10.56 4.35 428 55
25 20.4 91 13.05 4.35 4.43 60
28 36.4 79 13.36 4.52 4.51 60
30 334 85 12.24 3.93 3.51 62
33 31.3 75 17.22 4.29 4.23 67
35 27.7 64 17.02 4.18 3.99 68

A2 30T olstell e 80% o2 {1 33T}
35T 65-75% T+ oE ohE 5 Wrr) oA f-A
A cHAFEA] plasmid SHHAN-E 90% o] gdt}h). In-
ulinase®} invertase?] W3} Fu)aljAd-S vlof2 T
off =A ok HFo ] jnulinasey ik %7} AL
(20°C, 25TC) =& u(33T, 35C) 2 2z =34
Ak}, 28C~30TolA 7R %2 inulinase &
Hek(7.7 units/mL)#  E3](6.7 units/mL)E  Hdch
Cytoplasm ZFHE inulinase #44-& X 733814 2%
o| 3l 2 aE|Q] v} periplasmic spaceel| AHE3l+= in-
ulinase 92 £ 57} Z71E4LE 7Haste] 2009 32%
A4 35T 5% 7R AAadld. &, L0 I
<E inulinaset> periplasmic space®l] t] &ol] 2+&3}o]
iz 2o ER| o] (35T 95%l4 20T
68%7}2] u] A &e] Ak, Invertasew 257}
XS5 s 1 IR so] Srlstent &, S
#Hek2 2009 19 nlts/mLfﬂ]H 35C9 25 units/mL
7 F7FR e, EH|EES 20T2 55%¢lA]
35C2 68%7tA FUbele EHlYAE Bt Peri-
plasmic space2®} cytoplasmell ZFE&3l<= invertase &4
2 307¢olslollA oF 40% sFo2 A3}, 330
35Cel = 33% T2 ZhAdtedct. v ZA S v as]
B, inulinase®] A% 20CNA 30CHAR] 2E7} 5
4% Z7lstod 300ANAM 7H %L 0.79 units/mg-DCW
25 vpebd ¥ | invertaset 20C e 25T 22 &%
A F& v|EA1S Vel 25T 7HE & 3.34
units/mg-DCWE B it} Invertaser 30Tl Aol 4 &
o we} Frpste v]EAE Be] 35TedAM= 2.84
units/mg-DCW2| v| &2 B,

Invertase(25)%} B-galactosidase(2) & ol x| nljoF
+27l F&55-F olg 47 E.-%-z{ii Hhgd - Fu s
ATt Rossini 5(2)< Z olf-&2 2 oA AxH
F-%7} =31 A w3l 7ielgcly FAs)gic), vl
of 2l7F interferon® proinsulin®] W&ol A= & i
oL of|A] & Eu|EkS Ho whelAl K& (proteoly-
sis) A3} A X7} #ulEE 7ol 7% 8o g 2H8-3)
v} FAF5FEvH3-5). Acid phosphatase HH& of| A= i

257t g o o 23] (folding)e] F71ske] AXE
H(ER) ¢]|3-2| Ev|tA7} /HA =37, AapHe 2 o1 F
Blso] S7lge] B E|gick(26). o|ef Fo| F& oty
Aol ufe} w2 r= ohofgt QA (AEY Fx, bl
3l el K3l ofs] Enlie e H“Eﬁﬂ"é’
off A °38kE vjz]= v}, 2 9] jnulinase ® in-
vertase?| F-vlellH & v} ) S5 EB| 88
o] Z7}3}32, periplasmic space & o|x]e] zt& & A]o]
74423l 2 2 (Table 37} Table 4), & %ol W& Al ¥ 7
Z W37} A S sl 75 8<delel A
tl. & inulinases™ K. wmarxianusol A2} o372
(27) S. cerevisiaeo) A = th3-E wl x| & Bu] AHALE 7 (9F
85% ©1A4H)(28, 29), invertasex ¥4} 55~65% A Ert
¥ E 22 jnulinase % invertase?] FB|ol= Al EH
TEe I AR TF 5o H (strain-specific)al 8.9
ool x ThlA FHolZ "](protein-specific) 89l &, ¢}
= A Wi 559 Eujas AlEv) EAEE o
""T‘* 2Tt

4 E

K. marxianus 212 inulinase®} S. cerevisiae 22
invertases S. cerevisiaeoll Al =& /‘]74 A} 23 inulin-
ase®} invertase?] &3} Falo| vlx|= 7] pHS} oY
oFie o) odskS ARSIt wisF 7] pHE 4.0014
6.57F% H3A7]H A inulinase?} invertase®] wrE ek
2 B R 8-2 2ARF A3, inulinaseg] FH])E|AlLS
F7] pHell A o 35 whz] ¢ighar, v | 22] Hn]E S

A2 90% 3|29, periplasmic spaceol+
10%, cytoplasmeol+ 1% ol8t= ZHE3LT )t In-
vertase®] W& FHlo % 27| pH+ & 948k 1| 27
exskar, AL W ele] pHellA 609 A xe] B &g
Holr periplasmic spaceol= 20%, cytoplasmell+= 15
~20% A invertase FAle] AE3LE T} Tnulinased
A9 7HF ¥ & =H9.1 units/mL) ¥]3H41(0.91
units/mg-DCW)= pH4.50l41 &= gd o] invert-
ase?] 7% pH5.594 71 H& 293 8k(19.7 units/

f‘{} L},!i
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mL)3} B] 243 (1.84 units/mg-DCW)& 2.}, afjef &
EZ 20CelA 35T7HA] WHERA7IHA wfgr A2,
pH % 8k3= <2 inulinase®} invertase?| W&k &
B A]-L wljof o] ZA ¢33FS wiglt) = inulin-
aser WSk %7} YAYH20TC, 25T) & w(33T,
35C) L FEEEE AA Fhadsdew, 28T 30T
A WA =& 7.7 units/mLe] &g} 6.7 units/mLE]
wulzkS zh2t »olg, Cytoplasm %HE inulinase 43
L %o FH3HA 2% o]3tE A=Y 2}, peripl-
asmic spaced AE3ShE inulinase e &7} 78
F2 2rasled 20T 32%04 35T 5% A 7L
s3hadc}. oloufe} ¥H]EE% 20T 68%l4 35T
95%7+%] Z7}8tsict. Invertasey: 257 5% &
A ek ) B R&o| Fristeith &, e 20T
2] 19 units/mLellA4 352 25 units/mL F7HA S7}
shel o, Bu)E 82 2009 55%04 352 68%7HA]
Z71she Eu]ofArS ®Bodr)h Inulinasesh= 2] peri-
plasmic space2} cytoplasmell AHE3h= invertase A
2o AAglol AR 33~45% o2 dA s}

A2 &

B A7 ghaashalte] 199533 5 A7) 7] A
HoadA g 2] Ao g F=8lE|g] ouv, ofef] ZrAL=g{n
c},
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