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Secretion and Localization of Pseudomonas auratiaca Levansucrase Expressed in Saccharomyces cerevi-
sige. Lim, Chae-Kwon!, Kwang-Hyeon Kim!, Chul-Ho Kim?, Sang-Ki Rhee? and Soo-Wan Nam*,
Department of Biotechnology & Bioengineering, 'Department of Microbiology, Dong-Eui University, Busan 614-
714, Korea, *Korea Research Institute of Bioscience & Biotechnology, Taejon 305-333, Korea — Levansucrase
gene(lscA) from Pseudomonas aurantiaca was subcloned downstream of GALI promoter in PYES 2.0 and
pYInu-AT [GALIO promoter + exoinulinase signal sequence of Kluyveromyces marxianus], resulting pYES-
IscA and pYInu-iscA, respectively. The two expression plasmids were introduced into an invertase-deficient
strain, Sacchromayces cerevisiae SEY2102, and transformants with high activity of levansucrase were
selected. When each yeast transformants was cultivated in medium containing galactose, the extracellular and
intracellular activities of levansucrase reached about 8.62 U/ml with the strain harboring PYES-IscA and 5.43
U/ml with the strain harboring pYInu-IscA. The levansucrase activity of 80% was detected in the periplasmic
space and cytoplasm. The levansucrase activity in the medium of SEY2102/pYInu-IscA was 0.87 U/ml
whereas that of SEY2102/pYES-IscA was 0.47 U/ml, which implying the exoinulinase signal sequence didn't
enhance the secretion efficiency of levansucrase. Furthermore, the recombinant levansucrase expressed in

yeast seems to be produced as a hyper-glycosylated form.
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Table 1. Strains and expression plasmids used in this study.

dinitrosalicylic acid(DNS) B [1618 AH&sle] 72 3w
FEE 24330k Plasmid SFHAIL wokel & Hs]
A 3le] YPD FdmjA o] =gk 3 =}=k 100-20070 <)
CFU(colony forming unit)Z SD AWl X|Z patchd} oh&-
A5 CFUE WE-&2 SAsiln.

R 28 ¥ 52 Y &3
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Levansucrase{/sc4) &8 plasmidse] 71&
FxoA levansucrase F3AF(IscA)E WEXAF17) 98] =}
A2 ZE 838 A7 K. marxianus exoinulinase?]

Strains Genotypes Sources
Escherichia coli DHS« sup44 Alac U169(®@lacZAM15) hsdR17 recAl endAl gyiA96 Tri-1 relAl
Saccharomyces cerevisiae SEY 2102 MATAa ura3-52 leu2-3 leu2-112 his4-419 suc2-A9 Ref. 2
Plasmids Characteristics Sources
pLK1 pUCI18 + IscA Ref. 7
pYES2.0 GALIp-MCS-CYCt Invitrogen Co.
pYInu-AT GALI0Op-INU1 ss-aAT-GAL7t Ref. 10
pYES-IscA GALIp-lIscA-CYCt This study
pYInu-IscA GALI0p-INUI ss-IscA-GAL7t This study
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2y A s ADUNUT ss; 2370 obr At A7) 2 34,
MKLAYSLLLPLAGVSASVINYKR)S z¥= 27179 whalA)
Z —',L%fs}ai\:}(ﬁg D). IscA A= pLK1[7]2 template
2 3}o] PCR $F-5 $I8} primers® LSC-1, LSC-25 A&
stod e, Zzte) M9 LSC-1 : 5-TGAAGAATTC
AGATCTATGAAAAGCAACAC-3' (BglII : underline)2} L.SC-
2 : 5-TTCAAAGCTTGTCGACTTACTTGAGCGTTA-3'
(Sall : underline)®A] PCR £33t ¥, Bglll¢} SallS2 A
23le] [scA ©H(1.3 kb)S FHsigich 2 4 S
pYES 2.02] GALI promoter 315l subcloningdled ApA|-E-
HIASE 7= k4 cassette, pYES-IscA(7.2 kbyS 753141
o}, =3} pYInu-AT[10]9] oy-antitrypsin -3 A5 Bglll—
Sall B2 2P [scAZ 38t GALIOp—INUI ss—
IscA—GAL7t] %8 cassette, pYInu-IscA(7.4 kb)S 753}
AckFig. 1).

S YEAMERQ MY

T35 23 plasmids(pYES-IscA, pYInu-lscA)S & 2o

3z glste] SDujR|el|A 1A} A3, 2% sucrose”} 3E
S agar platediM TTC G2 AM3LS- 34 (Fig. 2)
3= colonyE 2} A slgdel 231 AW E colony & 570
£ Al@AlA YPDGHIR|AM 48217 okt Az, TA5
Als} gAdo] 71 £ S S, cerevisiae SEY2102/
PYES-IscA No. 48} S. cerevisiae SEY2102/pYInu-IscA No.
3 @52 27t 33 Aeeieith(Fig. 3).

=gl levansucrase 2Eint 2H|ZXY A
Al wieF A2 Mel®l S cerevisine SEY2102/
pYES-IscA No. 4%} 5. cerevisiae SEY2102/pYInu-IscA

(A)

EB/me

GALIp

S i pYInu-isc A

pYES-Isc A ]
GAL7Y (7.4 kb) GAL7 )]

(7.2 kb)

GALIp[, . IeA.[..i] c¥ct GALIOp

Fig. 1. Schematic diagram of plasmid pYES-IscA (A) and
plasmid pYInu-IscA (B). GALIp, GALIOp, galactose-regulated
promoter; IscA, P. aurantiaca levansucrase; Inu ss, inulinase signal
sequence; CYCt and GAL7t, transcriptional terminator; B, BamHI;
E, EcoRl; S, Sall; Bg, Bglll; Xb, Xbal.

No. 3 HAAIAE Sk wioksied 2|23 levansucrase
o gAE AT A9E Fig 43} Table 20 Ve i,
pYES-IscAS} pYInu-IscA B 8|53t dA| $4S Holw,
AE Y AT H|Es]Y }31:}. IscA 82 dextrose A%

Fig. 2. Active staining of levansucrase with yeast transformant
which are grown on galactose and sucrose containing medium.
A, S. cerevisiae SEY2102; B, S. cerevisiae 2805; C and D, S.
cerevisiae SEY2102/pYES-IscA; E and F, S. cerevisiae SEY2102/
pYInhu-IscA.
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Fig. 3. Comparison of cell growth and levansucrase expression
in S. cerevisine SEY2102/pYES-IscA #4(A) S. cerevisiae
SEY2102/pYInu-iscA #3(B) grown on YPDG medium. H means
the host cell, S. cerevisiae SEY2102. Symbols : (), cell growth;
(L), levansucrase activity.
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Fig. 4. Cell growth and levansucrase expression in flask
cultures of yeast transformant S. cerevisiae SEY2102/pYES-
IscA (A) and SEY2102/pYInu-IscA (B) grown on YPDG
medium. Symbols are (O), cell growth; (A), Residual sugar; (@),
levansucrase activity in medium; (A), levansucrase activity in
periplasmic space; (¢ ), levansucrase activity in cytoplasm.

5 galactoseZ ©]-83h= 12417k o] FH-E] U3 =]o] 4847}
7HA A& gkl Sl oS ViERIGIEE 124]71 ©)
T A8AI7ER 8] A7) Fe A A s A #E
HA) ek, webi AE 88l (lysisye YelvhA] 2 e
2 gt} pYES-IscA $h- 3443 A= 48871 wijek
A} FAEES] ODgo?t 39.20]31, levansucrase A2 A E
v} wix]ell 0.46 U/ml, periplasmic spaceoll 3.72 U/ml,
cytoplasmel] 4.44 U/mlZ et} pYlnu-lscA 3+ 32
g AR 48417 wiok Al TA 527} ODeg 39.001 L,
levansucrase 432 Wil A]ol] 0.87 U/ml, periplasmic space
o] 2.33 U/ml, cytoplasmo) 2.23 UmlZ vepygol &,
levansucrase AFA] HH|A1 &9l exoinulinase 8] 41 E6)] 2]

8t wj=| ¢}t periplasmic spaceZ}AS] Hu] &2 747t 50%
9 60%2 JEsTh o] Ao oA HuHAUW Z
mobilis ¥ levansucraseS W& Al S w1518 50%
Br} exoinulinase FH|Al o} &J8t BR]&Eo| oF 10% F
7Feledeh. B el AE% F plasmids®] promoter:
GALIF} GALI0S.Z M2 vE2A|% % promoter 7+2]
exoinulinase W& of|i= o] 7} A9 1917] Wi Fl[19],
promoters 7+ W&7} ol whS Jevansucrase LT F
of3ko] gl Ao =gl webA promoter} #4¥] &
ol u]A| = od3ke] wiA|Ee] #]9] A= levansucrase?}
exoinulinase £8] 2 &5 Aol 23t EnH)50 =2 Alg e}l

INUI signal peptideZ A}-4-3}ed Chung 5[2]<> human
lipocortin-15- EXol|A 80% A% #8]|AIZ]aL, Kang 5[10]
< human o-antitrypsing- 70%2] HH] &&= AL,
human serum albumin® &2} 02 HH|A|Z1EH11]. Scotti
512312 v}oF3t signal peptides(o-factor, invertase, acid
phosphatase, Bacillus amyloliquefaciens o-amylase)ys A8
stod B, subtillis 7209 levansucraseel] o3t &R ollAe] B
8] B88 AR vl Qloh. 1 A7l wEd Als o
A N-2=+9] net charge®} signal peptide®] 2424 core ©3
o 9ol AL i AAS net charge 5ol 7HAdE ookt
A¥ A (endoplasmic reticulum)|A] Golgidl 2., GolgiA|l|A]
o, By|AHA HE vheze] de) 1A
2 F &5 S HEse] eSS R U A
o2 Busgri21, 22]. £ A7) levansucrase signal
peptide(MKSNTEKFGKAPHQPSLWTRADALKVHAD) =
levansucraseZ Al EAel| 529% A= EAWAZ3L, INUI signal
peptide(MKLAYSLLLPLAGVSASVINYKR)Q] A9-% A
f)ze] = of7t FrhEl e o313 M EAe] oF 41%
Ax FEFHE= S BTh(Table 2). wWebA, o= A5
chilal N2eke] pet charge®} signal peptide®] 454 core
o3 ool A= A A net charge 5] A= e oF
T s A g olE Al E Als sl

=g} levansucrases| MI|HE oA

ArldF BAME B AROAM AAEE A2
levansucrase2] G} S A 9180 S, cerevisiae
SEY2102/pYES-IscAZ} SEY2102/pYInu-IscA2] wijoF AR5l
2 A 239 2T levansucraseE SDS-PAGEE 24

Table 2. Comparison of the levansucrase expression and localization in the S. cerevisine SEY2102/pYES-IscA and SEY2102/pYInu-

IscA after 48 h cultivation on YPDG medium.

. Cell Growth Levansucrase Activity(U/ml) Total Activity
Strain
(ODeoo) Medium Periplasm Cytoplasm (U/ml)
SEY2102/pYES-iscA 40.6 0.46(5.3)" 3.72(43.1) 4.44(51.5) 8.62
SEY2102/pYInu-IscA 39.0 0.87(16.0) 2.33(42.9) 2.23(41.0) 543

*The numbers in parenthesis represent the localization percentage of levansucrase.
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Fig. 5. Analyses of recombinant levansucrase by SDS-PAGE
(A) and non-denaturing-PAGE (B). lane M: Protein molecular
weight markers, lane 1: S. cerevisiae SEY2102/pYES-IscA, lane 2:
S. cerevisiae SEY2102/pYInu-IscA.

3lglc}. Coomassie A ellA= A &3} levansucrase®] band
Z #<eld 4 ¢l2l L(Fig. 5A), non-denaturing PAGE ¥
A Aol W BAakel =S vehlo] A3 el gt
A5 Felsld A qH(Fig. 5B), A&t EAe el &
7Vs8td e, Levansucraseol| &= 378¢] N3 23] F-7}5-9
(63Asn-Ile-Thr, 342Asn-Gly-Ser, 350Asn-Pro-Ser)’} &35}
=48], o] Al §-$12] Asnel] 7l FrlEe] {& 29 E
H M=E Jehll= 7oz Az} Bacillus cyclodextrin
glucanotransferase[20, 21], thermoalkalophilic lipase[1],
endoxylanase 2 B-xylosidase[26] 94 F2g AAY &
3 Frie B Asby wWIkdRA S7hE &) w
$2EE ¥Y ez, B ¥4 levansucrased
23hd 12oflA] arp o] AukE 7R levand] ABAMS SF
AE 719 5 U

2 o

Pseudomonas aurantiaca 2 levansucrase 3 AH(IscA)
E GALI promoter 8+l AAAZ) pYES-IscA%} GALIO
promoter} Kluyveromyces marxianus exoinulinase] 21|
AZMDINUI ss) ol B2 pYinu-dscAS 2H2F T
231930}, o] & plasmidS- invertase A< W ol (suc2-A9)Q1
S. cerevisiae SEY21020 AR A 2184 FAH IS
£ At A% PAXITE galactose - WA E H)
58t A3}, pYES-IscA Tf- FAART]] 749~ levansucrase

o] 2HAL 862 UmlelT, pYlnu-lscA B A58
7% 5.43 Umldl] =28}giv}. W E levansucrase] oF
80% A =7} periplasmic space®} cytoplasmel| £2]35}% 1,
INUI ssofl ]38k v 88 Svhe 32 4 v =31,
T oM WE A3 levansucraser: ZF3HE o=z
A= Ao Hedxlo,

HALe 2
F A7l AMIE AdeE st FRHAAETEA
£-3}2} =H(Bioproducts & Biotechnology Research Center)
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