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Expresswn and Secrehon of Zymomonas mobzlzs Levansucrase in Saccharomyces cerevisige. Chae- Kwon
Lim’, Yi-Kyung Kim', Kwang-Hyeon Kim', Chul Ho Kim’, Sang-Ki Rhee’ and Soo-Wan Nam’,
Department of Blotechnology & Bioengineering, 'Department of Microbiology, Dong-Eui University, Busan
614-714, Korea, *Korea Research Institute of Bioscience & Biotechnology, Taejon 305-333, Korea — Levan-
sucrase gene (levl) from Zymomonas mobilis was subcloned downstream of GALI promoter in pYES
20 and pYinu-AT [GAL10 promoter+exoinulinase signal sequence of Kluyveromyces marxianus),
resulting pYES-levl and pYInu-levU, respectively. The two expression plasmids were introduced into
an invertase-deficient strain, Saccharomyces cerevisine SEY2102, and then transformants showing 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 7.17
U/ml with the strain harboring pYES-lev and 6.61 U/ml with the strain harboring pYInu-levU. It
was found that about 50% of levansucrase were detected in the medium and periplasmic space, and
exoinulinase signal sequence didn't enhance the secretion efficiency. Furthermore, the recombinant
levansucrase expressed in yeast seems to be produced as a hyper-glycosylated form.
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Levansucrase= fructosyltransferases?} 3+ EF 5 Zymom-
mas mobilis 3% sucrose2 H-E levang At} Z. mo-
hilisol| A sucrose?] ¥ sucrase (B-D-fructofuranosidase;
EC. 3.2.1. 26)9} levansucrase (sucrase: 2,6-p-D-fructon 6-B
-D-fructosyltransferase; EC 24.1.10)9] <JsjA] FH & oA
o] F0] A A7k 2 levansucrased] 93] £3}7} o]F o=
Aoz 4HA YH719] ol ABAE fructoseZ H-E
tevansucrase®] transfructosylation ¥H-g-9j ¢]&) levano] &
9t} Yanase $[24]7% O " Mullan $[19]& Z. mobilisol]
4 3Z5F9 sucrose 7hE-3] AA{FT AU sucrase A (InvA),
#Ae EuA sucrase B (InvB), FA L E8|4 levan-
&, o] 3FFY EAUF BT B
-D-fructofuranosidaseolﬂ] 0] levansucrase”} fructose pol-
vmer?] levang] FAd B Rustgct Lo 9
3 FAE levane i B-26 AT A5 p2,1 AF o
2 o]FoJA fructose-homopolymer2 4, &1 &3} oJekx F
A fEaAE gE8tie12].

AR F84 Yol HdHY levand B3 AFA 7|3
A 39 Y3 B AA Aoz Qs ohEFALG
d oy o] ¢t Levang A4 4 9)E levansucrase:
Aoz RE AP LojA AMEdIldle 2 Fol AEA,
15 (#9)0l BF3tA BjA FDH ASAE B Ao

&t} Levansucrase f+AAE E. colid) A HHAA inclu-

sucrase (LevU)}&
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sion body 2 A4+ AL, AEEE U F AR e doe
ARE 25 9] watA, {2 Az 71es A3
& GRAS (Generally recognized as safe) |48 &%
Saccharomyces cerevisiaedl X AZH TGHA Fu2 Aishe
o] inclusion bodyE == E. coli Bt} levan AJARA] 3F4F
I AELMEAY HHAY SR B 7@ A 2ZA &
EC=g

o} A7} A levansucrase §H A= 8F ¢ Gram 4 AT

(Acetobacter diaxotrophicus, Acetobacter xylinus, Erwinia amy-

l'.1

lovora, Pseudomonas syringae pv. glycinea, Pseudomonas syringae
pv. phaseolicola, Pseudomonas aurantiaca, Rahnella aquatilis,
Zymomonas mobilis)?} R'E Gram FA AT (Bacillus, Strep-
tococcus)ol A} cloning S 1TH3,23,24]. B QAFA 2143
levansucrase™ Z. mobilis ZM1 #-2] 9] levU /A =}o], ORF
7} 1272 bpol i @B & B2pke 46 kDao]tH23]. pYES2.0S
0] &3} GALIp-native ss-levl—~GAL7t 2 cassette9} pYInu-
AT[7]1E o| 83t GALIOp—INUL ss—leoU—GAL7te] 23
cassette 7}Al = levl &8 BHAAE 72§ 5 S. cerevisiaed))
YAHBAA levansucrase L Fol FF& %
levan biopolymer2] AAA e HFAYNFH /MLE A3
NNzAgE B85t 3,

Mz 3y

AlBEF % Plasmids
B Ao A3 &34 X 9} plasmidsE Table 1 ¢ 37
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Table 1. Bacterial strain, yeast strain and expression plasmids used in this study

Strains Genotypes Sources
Escherichia coli DH5 o sup4d Alac U169 (HacZAM15) hsdR17 recAl endAl gylA96 Tri-1 relAl
Saccharomyces cerevisiae SEY 2102 MAT @ ura3-52 leu2-3 leu2-112 his4-419 suc2-19 Ref. 2

Plasmids Characteristics Sources
pZL8 pUC118 +levll Ref. 23
pYES2.0 GALIp-MCS-CYCt Invitrogen Co.
pYInu-AT GAL10p-INUss- o AT-GAL7t Ref. 6
pYES-levll GALIp-levU-CYCIt This study
pYInu-leolU GALI0p-levU-GAL7t This study

Atk AM 3 EREFHIE S cerevisize SEY2102[2]2
¥, invertase A& WolF(suc2-49) 2 uracil Y274 #
o] F(ura3-52)0]™ haploido|t}. Plasmid 7% 2 F%& ¢
3l «ZF 2 E. coli DH5 ¢ & AM£-3199 ). Levansucrsase 73
2= pZLB[23]2 58] PCR (Perkin Elmer PCR System 2400,
USA)Z denaturation 95°C, annealing 557, polymerization
72 AN FEAYT 5% ¥R fAde E
coli-S. cerevisiae shuttle vectord) pYES 2.0 (Invitrogen Co.,
USA)# pYInu-AT (GALI0 promoter +exoinulinase signal
sequence){10]° 242} subcloningd} 3t

B0 HAUMEH MY ¢ HETA
anEo YAASL LCPBYE AHEs AT a2 §32
AgA 9 ABE % WA Z = SD v #(0.67% Bacto-yeast
nitrogen base without amino acids, 0.5% casamino acids,
2% dextrose)E AME-3l9 1, 12 AH3 a2 FAAINAE
22 levansucrased] LdFHFE A& FAH] 93 2,
3 5-triphenyl tetrazolium chloride (TTC) 44 ®[1617] A}
4319 232 A9 &, 2% sucrose -7 YP (1% Bacto-
yeast extract, 2% Bacto-peptone) agar ¥l x| o] A 48A]7F xjgk
AR PAASA colonyES FHFE AFT F TIC (01%
in 05 N NaOH) &0 5 20871 vk A Hc} 10% A4S
2 HAY T UEhte colony F94¢) AABe BRoA B
HH levansucraseo] 2|3} sucrose’} fructosed} glucose® 2
NS e
58 YANEA 9 wlY YP #j X 1% dextroses}t 1%
galactoseE 718 YPDG w Ao A &t

THSE, HEHAY Y Plasmid HEY

FAFEE dRFATPT AHG g AP H&2
3|4 35te] B335 A (Shimadzu UV-160A, Japan)E A3}
ZAstAck v keS 3,000

o 600 nmol| 4 §3 % (ODsx) =

rpmof A 5F F dAEAUTF F Y AT AE €1, dini-

trosahcyhc acid (DNS) [14]¢ AHg8lo] & 8dT 5
ZX st Plasmid 4342 i -& 33 345

38
01 YPD Byl Rlo] =23 & 2 100-20071 2] CFU (colony

forming unit)E SD AEujAZ tooth pickingdt th& A4S
3 CFUE #1288 23319

o 28 ¥ 54 @M 53

A AAEE Zymolyase 100T (Seikagaku Kogyo, Japan)
2 AMgate) FAle AXES B3 3 (13,000 rpm,
102)3le 42 A5 AE periplasmic space #3088
1, AN EL glass beads (04-0.5 mm)E AH&-39 J}féﬂs}m]
cytoplasm 8¢ @ATH15]. ol & B} wjFFTAL A
g35te] 7k B8 X9 levansucrase B4 Z43At) Le-
vansucrase 242 DNSH[14]& o] £3lo] 2% sucrose 7] &
Z pH 47 (50 mM %4+ ¢459), 37T &7 1 pmol ]
B AF(fructose equivalent)g A Aste B9 4 1 unit
Z Aotk v@4 e 7 a4 84S FAFTE(ODw)2

wrojx Adst 4 489 EYlasd A4 aag
AEA S & +dAN B4) A TAe E4 EuE

#2g2 yehygle

Polyacrylamide gel electrophoresis

A% levansucrase®] T4 A, AH3eE AEA S FA
3}7] $13) Laemmii H[13]o} we} 0.1% sodium dodecyl sul-
fate (SDS)2] EA3tol#] 10% polyacrylamide gel electro-
phoresis (PAGE)E 33ttt #719% & gel® Coom-
assie brilliant blue R-2500.2 |25 4t}

Levansucrase &/ & 4-& nondenaturing-PAGE gel & 2%
sucroseE ¥ 83LE 50 mM £4F ¢hE A (pH4.7)o H7teld
37TCAA &A1) & TTC GA[15]S T3l 84 =g &
A5,

ot 3 o
Levansucrase (levl) 88 vectors® 75
FE XA levansucrase FAA(eol)E BEAF}7) 98]
exoiulinase BH|AIZE 7tx] &= AP 2= A S 27149

WHAE FZ5319(Fig. 1). levl A A= pZL8S template
2 349 PCR £E& 3 primersZ LEV-1, LEV-2E& A}&



stgem, 27kl A de LEV-1: 5 - TGAAGAATTCAGAT
CTATGTTGAATAAAGC - 39} LEV-2: 57 - TTCAAAGCT
TGTCGACTTATTTATTCAATA - 324 (Z+zk % Lo
BgIl o} Sal1#917} wEAEE 4A4) PCR &S F,
Bolll ¢} Sallo.2 A3ty lewl GRS Eesiddy. Bad
©H-8 pYES 2.0¢] GALI promoter 3ol subcloninga} e
AAENNNEE e T cassetteE 7}A & pYES-levl (7.2
kb)g F&3tgc}. 18] K marxianus exoinulinase] 4]
A3 A E(INUT ss; 237 ofrj =i A7]2 F4; MKLAYSL
LLPLAGVSASVINYKR) 359 levUE in-frame® 2 A28}
7] Y18 pYInu-AT[7]9] @ i-antitrypsin /8 AHE BglIl — Sall
e 2 depla lol2 2)88te] GALIOp—INUL ss—levl
—GAL7te] ¥ cassette® 7}A& pYInu-levl (74 kb)E +
=319 ch(Fig. 1).

55 YEANEH Y MY

759 24 plasmids (pYES-evl, pYInuleol)S &R
A AE 3t} SDui R A 12} X838k, 2% sucrose’} £
€ agar plated]l A TTC g oz HAES A (Fig 2)3t
Z colonyE 23} A3 {t. 23 B H colony F 57§E Al
HF(23X20 cm)o A YPDGH|R| o) A} 48 AJzF v k3t 23,
ST A0 71 £ & FHAHEA No. 4 435 247
32} A3t th(data not shown). SFAHES] S. cerevisiae
SEY2102 ¢ #AF522 FAASFA S v A9, levan-
sucrase AL A YehA] ETH05 U/ml o] 3}).

KW= levansucrase WM subcellular translocation
ANE@ ek 2712 A9 8 No. 4 J3AEAE Zajx3

pYES-levU
(7.2kb)  C¥Ct

pYInu-levU
(7.4kb) GAL7t

Fig. 1. Schematic diagram of plasmid pYES-levd (A) and
plasmid pYInu-levll (B).
GALlp, GAL10p, galactose-regulated promoter; levl, Z,
mobilis levansucrase; Inu ss, inulinase signal sequence;
CYCt and GALT7t, transcriptional terminator; B, BamHI;
E, EcoRL; S, Sall; Bg, Bglll; Xb, Xbal.
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HjoFate] A% g levansucrased] A4S &3 A Fig.
33} Table 2¢) el At} pYES-levl s} pYInu-levl B B
5% AAZAE Roln, A& #dF AEE HEIYTH
LevU &8¢ dextrose 2% & galactoseE o] &3} 1242
|FRH gdsgo] 8AA] A& ddFe] Frtdke ¢
A& JERR T 12242 o] F 4813712 9 A7) 3o
A FAFEY Fart BEHA $9n, g X 45
(lysis)e= Holuhx] & Aoz AL pYESleol T ¥
ANE FR= 4827 v A FA 552 ODgwr} 38.70] 11,
levansucrase 842 A X ¥ #jx 9] 0.44 U/ml, periplasmic
spaced]] 351 U/ml, cytoplasmol] 322 U/mlZ Vet
pYlnuleol 5 A8 G2 48413 ol Al TAFE
7} ODgoo 40.60] 31, levansucrase B2 A E uF v =4 0.91
U/ml, periplasmic spaceo] 234 U/ml, cytoplasmo] 3.36
U/mlz Uelytth £, levansucrase A# BEHAZE exo-
inulinase ¥H| A% & HA] 9} periplasmic space7}A] 9] ¥-H]
A& o 50%E Yl BEHlAZ o g Fulsd & Ao
£ Bl gtk

INUT signal peptide A}&-3t¢] Chung F{1]2 human
lipocortin-1& AR A A 80% HE EH|A AL, Kang 5[10]
& human ¢ -antitrypsing 70%2] Eu|E&2 AL,
human serum albumink &34 0 8 EH]A] #ZH11]. Scotti
$[22]& t}akgl signal peptides (o -factor, invertase, acid

O

o 3

phosphatase, Bacillus amyloliquefaciens o -amylase)S A}-£-3}
o B. subtillis &2 9] levansucrased]] U3 &R o)Ao By
BE&E ZAE 0 ity 2 A7 A o) w2 invertase signal
peptide (MLLQAFLFLLAGFAAKISA) 3159l mature levan-

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-levU; E and F, S. cerevisiae
SEY2102/pYInu-levUl.
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Fig. 3. Cell growth and levansucrase expression in flask cultures of yeast transformant S. cerevisine SEY2102/pYES-levU (A) and

SEY2102/pYinu-levl (B) grown on YPDG medium.

Symbols are (O), cell growth; (A), Residual sugar; (@), levansucrase activity in medium; (A), levansucrase activity in

periplasmic space; (M), levansucrase activity in cytoplasm.

Table 2. Comparison of the cell growth and levansucrae expression in S. cerevisize SEY2102/pYES-levU and SEY2102/pYnu-levl

after 48 hr cultivation on YPDG medium

Strain Cell Growth

Levansucrase Activity (U/ml)

Total Activity

(ODe) Medium Periplasm Cytoplasm (U/ml)
0.44 3,51 3.22
SEY2102 / pYES-levU 38.7 (61" (489) (84.9) 717
0.91 234 3.36
SEY2102 / pYInu-levU 40.6 (130) (354) (509) 6.61

* The number in parenthesis represents the distribution percentage.

sucrase®] N-th oju|:=A A g-& GSKETNQKPY)A GST
QINQTPYS. 2 %3} negative net chargeE neutral net
chargeZ v} %S 1) endoplasmic reticulum (ER)9] lumen
07 levansucrase’} EHZF 02 F4HA T vz Yo
Bule mokstnh. A g N-Zehe] net chargest &
T signal peptide® A4 core 49 §7 EHjAEY
R @A ERZ 9 447} signal peptide AdolE A3
o2 7152 st Golgidl 29 ol ¥ oA 929 £4
de ESEd Ao Uehgth21,22] 8 d+494 ] levan-
sucrase signal peptide (MLNKAGIAEPSLWTRADAM)=
levansucrase® A X dd] 45% AT EFAF 2, INUI signal
peptide (M KLAYSLLLP LAGVSASVINYKR)®] H$% #F
A Gz} Bule okt F/HRoY AT o 51% 3
£ BEYE PUE BETHTable 2) wHby ol 4% @
A N-2Ho] net charges} signal peptided] 444 core
39 9o 45 dE WA net charge o] 7j4l s ofof
ok ER A Golgizl 2, GolgidloA #ulapg oz, Fu|3y
oA M ftozo dHe] AR F &4 GAE 4
st} EHI5S FAAE F US Ao AR

=8 levansucrases? HJ|HS

ANGE E4E 53 AR AAEH= AZT levan-
sucrase®) 93 BI7F FAS 2AVE7] Y8 S. cerevisiae
SEY2102/pYES-evUx} SEY2102/pYInu-levll2] ] A5 <
3} FA 289 A ZF levansucrased SDS-PAGES £43}
Gt} Coomassie GM o X= A 83 levansucrase2] bandZ
gl 4 91912 (Fig. 4A), non-denaturing PAGE ¥ &4
Qudy Y3 288 W= Yehjo) 437 Ty
2L st AR HFig. 4B), FF EAF FAL E7bs58)
At Levansucraseod] & 3719 N& F4 H 7159 (140Asn-
Asp-Thr, 327Asn-Gly-Ser, 335Asn-Pro-Ser)7} A3}
[23], o] Al %-919] Asnol] FH7} FrtEo] g AHEY W
=2 Jehie Aoz AzEn 98 271E levansucrase
© Aglsta sl (EXRAY F7HE U3 HEREE wY F
o} LEE sucroseE 7|2 Z levand] 44 &4 E 7]
& Utk AAZ FAF o5 G0l 2A U8
AAZE Bacillus endoglucanase[4], Bacillus cycloinulo -
oligosaccharide fructanotransferase[8], Bacillus cyclodextrin
glucanotransferase[18], Bacillus « -amylase[20] 5 t}Fsie}.
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Fig. 4. SDS-PAGE (A) and non-denaturing-PAGE (B) analyses
of recombinant levansucrase.
lane M: Protein molecular weight marker.
lane 1: S. cerevisize SEY2102/pYES-levU.
lane 2: S. cerevisige SEY2102/pYInu-levU.

#AL 2

£ d7d a7uE ALHE JrieF B ITHAL
£ 3}AL9 3 (Bioproducts & Biotechnology Research Center)
A 2=y

2 ¢

Zymomonas mobilis {2 levansucrase -#3 2(levll)E GALI
promoter 3159 A2 7 pYESHevlIs} GALIO promoter 3}
Foll Kluyveromyces marxignus exoinulinase®] #4] A3 M E
INU1 ss) 87l 4247 pYInulewUE 72t 3338k
2| & plasmidE invertase A& WHo|F(suc2-49)S1 S. cerevisiae
SEY21020] HAAGAIA 184 FAAGFE AL
A% PAAYFE galactose i v A2 Hfj okt 23k, pYES-
ol 84 BAHZF9 AL levansucrased] 284 L 7.17
U/mlol 3, pYInu-deol 35 BZAEFQY A% 661 U/ml
o £23st4tt 283 levansucrased 2F 50% ATt viA]
3} periplasmic spaced] &34, INUL ssol] oJ3F Bu &
& g7ke B2Y 4 AT £ 3, AR 2EE Az
levansucrase™ #AHH3lE g0 s AR BAAT,
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