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Synthesis of Levan using Recombinant Levansucrase Immobilized
onto FesO4 Magnetic Nanoparticles

Hyeon-Jeong Noh, Woo-Yiel Lee’

Department of Biomedicdal Materials, Konyang University

oF B AFoAE FAR ANXES 5519 Bacillus subtilis §-32] levansucraseE Fscherichia colig ©]
olo] WSRO, FesOs A YA (MNP)Q] EHo] 1435ttt MNPE WS S 7tds|] Aot
dow HFWE 3-aminopropyltriethoxysilane (APTES)E ©]-&3] amino gruoupl @ 7JA35IHch FT-IR, SEM,
TEM, VSM @ XRDZ ©o]&3lo] EA3 MNPE 9 20 nm "2 38 BHS 7Y 2444 B424 AS
shdch &4 17 Al HF 24 FA5] Adl (1) 7taAR ARE glutaraldehyde (GA)S] 5= (2) 7t Al
Zt, (3) MNP&} levansucrase®] HlE (w/w)g Tt H4z2 2Fste] BAHsiglom, st 49 Ao
recovery activitye= 20 mM9 GA, IASE ¥ 3 A|7F 2:19] A4 YdAel 849 v XAA ZHZ
86.9+£2.8%, 90.2+2.3% X 84.8+1.6%% Yetgth Tt 2% U pH HPolA 15 &40 MFAHES Hw
st om, 20~50C Y oA detg/gdo]l FAEIE ERIstAtt. DNS methodE & Hlwgth A ¥ 143}
% levansucrase? A EZ+= AT levansucrase® EAAE(3.99 unit/mL)o] H|5lo] 1FSHE levansucrase?] &
A&7t 3.41 unit/mLE B]RF W@9koy, IAHH levansucrasew 53] AAME FTo|k 27] EA9 60.6+3.5%=
FAStAT. wEbA, B A= levan?] A 34 oA o E&€421 FF0] 7T Ao st

Abstract In this study, recombinant levansucrase from Bacillus subtilis 168 was expressed in Escherichia
coli and immobilized onto the surface of FesOs magnetic nanoparticles (MNPs). The MNPs were
synthesized by coprecipitation, and the surface was modified with amino groups from
3-aminopropyltriethoxysilane (APTES). The synthesized MNPs were characterized by Fourier transform
infrared spectroscopy (FT-IR), scanning electron microscopy (SEM), transmission electron microscopy
(TEM), vibrating sample magnetometry (VSM), and X-ray diffraction (XRD). The particles obtained were
approximately 20 nm, had a smooth spherical surface, and behaved as superparamagnetic materials.
Optimal enzyme immobilization was attained with 20 mM glutaraldehyde (crosslinking) and 3 h
crosslinking at a 2:1 ratio of MNP to protein (w/w). The recovery activity of the immobilized enzyme
reached 86.9+2.8%, 90.2+2.3%, and 84.8+1.6%, respectively. Improved thermal stability was observed
at temperatures from 20°C to 50°C. Qur results also determined that the activity of immobilized
levansucrase is 3.41 units/mL, which is slightly lower than free levansucrase (3.99 units/ml). However,
the immobilized levansucrase retained 60.6+£3.5% of the initial activity even after five recycling cycles.
Thus, we conclude that the procedure presented is a more efficient and straightforward levan
preparation method.

Keywords : Recombinant Levansucrase, Immobilization, Magnetic Iron Oxide Nanoparticles, Bacillus
Subtilis, Levan
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g2 HAvtdie AT, BEHY, 74 2
B o2 Qo] AHgH o R wol ARGE|oIgETH1I.
1 % levan2 fructose A7} 8-2,6 glycoside 2%
o7 AZ4" 84 fructano® 54 nE 4 AE
ZoA AEE AAttgFotH2]. AN fructan®] F
%5 5 o2 5149l inulind H|Wsle] &£ EXSRS
7™ 48439] fructan?l levane FARE EAFS
717l o g ool vl W2 1§ AEE 7MY 4
9 Gy oA 44 AT =2 BEEE Y
EFATH3). o]2$t Levane A2 YAEE ARES)o]
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77t & A & ¢ ok Ao Etsta
levan®] 444 o8 k9] dF& Aot a4 JA|
Y AEY FAHAY HE FYOR QI =
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Levan9] AgHdo]] "3t levansucrase (EC 2.4.1.10)
£ Aol BoldS Hole AX 9 G4, Bacillus
subtilis,  Lactobacillus  reuteri,  Zymomonas
mobilis?t & TE v go} Fol A TAEATH5-7].
I % Bacillus subtilis 168 (B. subtilis)|X =¥
levansucrasetx 52,971 Da®] A} 473749] oju|i
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Jl 84 sk v Fol E4E g 29T 5 3
3, EE-tE o YA gD 4 Qs ot AAA
£ olgsto] H49] pH 2 4 P A S
S/ & Qo] B4l dARS SESke Hge=
TS| ATE L QeH11-14]. EA7HA] levang: Jiksl7

93t levansucrase?] 11 3H= glyoxyl agarose-IDA,
chitosan ¥ Sepabeads EC, vinyl sulfone-activated
silica, titanium-activated magnetite & $AF5}Q13]
A 59 gzt AAAE AHEStE 84 17 7ol o
TEUTHI5-19]. BA 1S} Al XA ZAQ] Fe;04
A U dZAHMNP)= AHE of-&sto] FA9] Eej7t
folotr] 9] e =2 U #HEE 7INER &
4 17Z3HE I o] 4H Q1 AR A o|tH20-22]. MNP7t
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E3E Eof thgRt st AE] £ 9 ofE HET 7
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Fig. 1. Schematic representation of the synthesis of levan using recombinant levansucrase which immobilized

on FesO4 magnetic nanoparticles.
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levansucrase= GAE 7[2 A2 A85lo] APTESZ H#
o] 7% Fe;04 MNP 143t om, 1743t A%
9] MNPZ FT-IR¥} SEM, TEM, XRD, VSMO& &4
Stglct. Egh ohefet BhS AN 1St aAo] Ak
34 4 pH S Brkstalon 27] 847 25 &
3 &AL B3l AAEAAS Brletglnh Aol thigk 7t
2Rt BAEE Fig. 10 Wehi i

AlS
=

2.

I]Q.

u

21 M=

B subtilis®] gDNAZFE] sacBE cloning 3F7]9Jst
primer= GenoTech, Corp. (Repubilic of Korea)el
oJFslo] It Sucrose, FeCly*4H,O, FeClse
6H,0, APTES ¥ GA+ Sigma-Aldrich (St. Louis,
MO, USA)°IA Y453t} His-tagged THElEE A
3F7] 93t Ni-NTA agarose= QIAGEN (Hilden,
Germany)9] AE-& ARESIH O™, T/dH Fes0s MNP
o] #x E4& 93] ALPHA-P ATR FT-IR (Bruker
Corporation, Billerica, MA, USA), Libra 200 MC
TEM (Carl Zeiss, Oberkochen, Germany) & Apero
2 SEM (Thermo Fisher Scientific, Inc.)& AF83It}.
s AR oE 2E 315F E42 biotechnology
gradeE ARSI

2.2 XZEg levansucrase?| cloningdt &
LevansucraseE I9ol= At sacBe B subtilis®]
gDNAE F30o2 st} PCREZ B3l doH, A-8H
primer+= Table 13 o] AASIHcE X
levansucrase?] A|E @] WAL %517 Yol signal
peptide sequences EF3I9] forward primers A
Astlom, A9 BoldZ #ste] 6X his tag
sequnces reverce primer®| F7}5Ft}t. PCR ¥hS-
£ 59 FZH sacBE 1% agarose gelS 53l &<2lst
¥om, pRSET A HlEo] 4Fdsto] Fig. 29 o]
pRSLevB-HisE +55tAtE. XY levansucrase?]
Tde FEd dEdEz g4
BL21(DE3)Z ampicilin (100 zg/mL)o] E3HH LB
Ao Al O.DsoC] 0.601 =2 wj71A] 175 rpm, 37C
oA BiFstRed, 1.0 mMY IPTGE H7Iet & 64]
2k F7} vioFstitt. vk FAATAE 4T, 4,000

HeE E coli
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xgoll A 15%7t YAEEste 74 dES Eest
¥oH Biologic LP System (BIO-RAD, USA)< ©]
|3t Ni-NTAE Bof A=2E Sa-g GA5tATH26].
Ni-NTA agarose resine column®l $%13t & buffer
1 (20 mM sodium phosphate, 500 mM sodium
chloride, 10 mM imidazole, pH 7.8)& 7}l 3
G}l levansucrase & E3HEE loading ot
o]% buffer 2 (20 mM sodium phosphate, 500 mM
sodium chloride, 20 mM imidazole, pH 6.0)& &
71t columne AlASFECH, buffer 3 20 mM
sodium phosphate, 500 mM sodium chloride, 300
mM imidazole, pH 4.0)& H7F5t his tag7t 234
levansucraseE &&3199th ZF dAloA 8% ol

A2 10% SDS-PAGE gel& &3 E45+9rt.

Table 1. Primer design for amplification of sacB.

Primer name Nucleotide sequence (5'-3")

GAATTCCATATGATGAACA

Forward primer (pF TC GTTTGC CA

CATGCCATGGATGATGATGATGATGATGTTT

Reverse primer (pR) GTTAACTGTTAATTGTCC

y | RBS
<7 ProMorg,

PRSLevB_His
4188 bp

Fig. 2. Schematic map of the pRSLevB-His vector.
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100 mLe] SF=5l &sfste] 9
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% MNPQ W 7§14 Stéber process©l wEt
Zy5FATH25]. FAE Fes04 1.25 g& 50% ethanol
50 mLol EARAA 600 rpmollA < wHISHHA
APTES &9 5 mLE #7Iskith. ©l% 50T, 1,000
rpmOllA] 3A17F B9t mutso] ABgE S-S YR
stof Aol JRH= AR H7EA] 28T 9] XF HIAA0]
B Bttt

O O
EIJ—OE'

2.4 THX% levansucrase®| 1X&}

Amino”|2 FH¥E FesOs MNPE PBS €59 (50
mM, pH 7.0)°l #F&E7t 50 mg/mL7F HEE =<l
T SEE 40 kHzolA 1087 221t A3t F
o 24 1HSE 98 (1) 7HAR ARE GAY 5=
(10, 20, 30, 40, 50 mM), (2) 2733}t ¥k3- AIZF (0.25,
0.5, 1, 2, 3, 4 5 AIZh, (3) MNPe} A9 Hl&
0.5:1, 1:1, 2:1, 3:1, 5:1) (w/w)] ¥}l wE 2|2
AL M. 2 249l BA9] recovery
activitye= AJ4%H FesO4-APTES-GA- Levansucrase
ERAIE A o7 F]4e5te] PBS SEHOE 33 AlF
st} &4 9 Blwstict YAbol| gt 1178t 549 <
< X9 27| SRE g} T G ko] Zol
of wet Eq. (D) 2ol AAkstt.

PIXVI=P2X 12

oy
Inmobilization (%) a5

* 100
¢

where P1 and P2 denote the initial and final

protein concentration (mg/mL), and V1 and V2
denote the initial and final reactant volume (mL),

respectively.

4 49 FEE%)S 19E 549 49 AH
740 B4 HIEE A4lstgict. MNPO| #Hof| &5t
= amine”|?} levansucrase?] &A= 400-4,000
cm'9] TGO A FT-IR £37]& o]-g5}o] g5t
2.5 17430 M2 FesOs MNPQ| 717| M
/3 FesOs MNPRF 847} 317 % FesO4 MNP
Fel= SEMI TEMC = E43lsilon, A28 42
VSM (model 730; Lake Shore, Westerville, OH,
USAYE ol-&3l| B7lsloirt. A=Al 58 UAS ALS-
sto] BASH oM 1T oF A7 Pds Q7Istaith FesOx
9 84 317 Fe;042] XRD &2 CuKe HAM] 427}
Q= Philips X'pert IJEAE ARgsto] St
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Levansucrase -§49] @& 3=E bicinchoninic
acid (BCA) protein assay® s}l AcH27]. A2
levansucrase®} 778 levansucrase®] A== G4
U2 AARE & BAER W85k glucoseE DNS
methodE &9 &A6FAH28]. B4 92 50 mM
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49 1 &Y (Unit)2 £ sucroseZHE 1 gmol2]
S U= a49] Fo=& YEhfgith

o= O Ea"‘f_‘

o 2y

173} levansucrase?

.

—

0l0

2.7 1783t levansucrase?| &4

2.7.1 pH}t 29| Fgt

oSt pHEkOA A 2 ¥ levansucrase?] &
& sty 24 pHE ER15H7195) sucrose 5 g=
7142 AR5 levan @4 WH-Z AASIGiTh 545
ket pH (4.0, 4.5, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0)
2 244 9§ buffer 50 mLo]l E7}sto] 25ToA &
4 WEE FYctgion B gR $ 2F Fu9f 2.54)
9] ethanolZ H7I6lSith. o] §HE oj7psio] TdH
levan® FAE AIstalon, A pH 27149
levansucrased] &4 100%= AoJsto] §49] Al
A 2L At

Levan ©49 7P¢ &40 255

%A ZAE pH 2ANA levan T4k

[e)

it

o]

T

A5l

_,d
)

(]
(o}
0 o

|

[

s
T

[¢)

3}
1!

o

(e]

o=
Y4

gul

t} A7]9} St ¥PH o2 Jevan B4 o
gom, NZ e L& (20~50T)00A 24417 Hjkst
Aot Bk T2 & levand £e] A sto] XA 2k
A levansucrase®] 45 100%= g oJste] g4 &
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PH (4.0~8.0)2] &3l Wikt 5 9l 8 14

H EA] R S Sl a4 F P
pH 62& ZHH GFE&AqM Tt 2= HY
(20~50T)0ll w2 T40] IF L4 vluwsto] BAfst
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2.8 113} levansucrase?| HALZA

1331 levansucras®] AARE/Zol et 24 Al
2 739 A AP=HAoH, 1% sucroseE 7|HAE
sto] AEet wkg- Z2doflA] vieksto] 118k 540 ¥k
S5ttt ZF cycle & MNPoJ| 2% levansucrase
£ Aoz 353t & PBS bufferZ 33] Al&ste] A

2 YRS EFE Adgsioint. 540 IR S
B WA cycled] A B4E& 100%2 ST

2.9 BA X2

Az AAE $A= BF 335 §HE AAgE 5 3
T+ ¥EH A mean+ SD)E UEHSIT. SAF 194
t-test ¥ ANOVAE ©]&sto] 245k{tHp <0.05=",
p €0.01=** p <0.001="**).
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3.1 pRSLevB-His &3 HIE{O| 1=

(@)

E. colfg o183 Az Tld2 1iske vjgo] 7sst
o= o] AR SdA FHE LEE] protein
refolding®] Q3= o] Ut} wehA levansucrase
9] secreted expressions FEot7| 8l B subtilis
gDNA©] Z&Ast= 133t signal peptideZt Z3HE
sacBE PCRZ &0l &H5}o] o]Fagarose gel A71
2 Foll B451%2m, 1,500 bp FZolA Aget ¥
Tt BEE O] sacB7t SHIEA FE2EE FRIskUh
S5 sacBE pRSET A HEo| 4%] & £ colil
cloningst¥om 229 FAATAE colony PCR ¥
Algt a4 BAE X3sto] pRSLevB-His HE 9| 75
o] ZBHoR olRo|HSZ sttt

Al FAATA NN TEE
SDS-PAGE #719% #4& 5oto]
50 kDa©llA] levansucrase”’} YA E 922 #2519t
N-terminalol] XSt signal peptide® &A=2 <UsH
AE 9] Tdo] TEE o, C-terminaloll 71t 6X
His tagE ©o]-85}o] Ni-NTA affinity chromatographyS
2345194t Fig. 39] SDS-PAGE gel®] Lane 3014 B
o]= 50 kDa9] @ =S 53| X3 levansucrase
o] JFH9l HAZS &olstion, BCA assay R*>
0.998)5 S3l gFst A2 levansucrases 42.5 u
g/mLE 1=t

_
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Loading ‘Washing
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Fig. 3. (a) Chromatogram of the purification process of levansucrase through Ni-NTA affinity chromatography,
(b) SDS-PAGE analysis for recombinant levansucrase purified and fractionated using Ni-NTA (Lane M:
protein marker, Lane 1: pRSLevB-His/BL21(DE3) expression solution, Lane 2: protein fraction eluted
with 20 mM imidazole, Lane 3: recombinant levansucrase eluted with 300 mM imidazole).
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nanoparticles to enzyme on enzyme activity recovery in the immobilization reaction.
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9] Hl& (w/well tieh JFe ZAIch 143
levansucrase®] recovery activity== Fig. 404 H+ v}
9} Zo] 20 mM9] GA, 3AI7te] 7ha Azt 2 MNP9} T
WA vE (w/wel 2119 W 72 86.9+2.8%,
90.24+2.3% 9 84.8+1.6%2] X recovery activitys
UEREE 20 mM °oVd9] GA 55 ARESe] 1Sk
levansucrase®] recovery activity7} 7438t o]+ GA
o] ¥k Tetv]9] EXF W 7t iR 4 glom of=
ol HiA9] Axe}t fABIH29l. A9 vk AR
AAA IR B/ F97F Ghof FE0] Zed=o] =3t
FZo] Egde 9usid, IAHH  levansucrase
recovery activity= A1 & F|of £/44& el 34
7t o] 1A% 49| recovery activity?] #ahE A
Al Fo] 23k B4R QIS EAAG AR A B
QITH30]. T3 W2 O] Favt AX|AS] A=A Ba
EA} ARgo] £ oiE EX9} S5 o|%lo] Bagl
ule} o] 4 olF=rt AT 4= SitH31l

A 24E Hlgo R 2 849 giid s E
Z331om, 14.16 ug/mLe] {7 Tido] S3H
w2t 1334 levansucrase®] 2 28.34 ug/mLE Al
A AT A 2 138} levansucrase?] 4= DNS
methodE &3l Bls13] o™ 2 levansucrase= 3.99
unit/mLe] S YERoW 145K levansucrase:=
3.41 unit/mLZ H|1Z& 22 4L Bt o]st 2
3= Fig. 49 7ol HA 1H3 270X recovery
activityZ} 9% Haole A X3t 1SR Q)
F49] o] Fhsk= o] YA, Bogt F49]
eIy o7 WHEARRo] Thssithe o] AMYAIS]
50| & 4= Q.
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3.4 1™ ME FesOs MNPL| 717] EM3t

3.4.1 FesOs-levansucrase®| 13}

AZ3} levansucrase?] MNP 23 55 3915}17]
95l Fes04 MNPCF BAE 7Hugt MNPY 2HE7|E
FT-IRS &3 £4351% ). 4523 MNP9] spectrumoll
A Holx 539 cm™'9] peak: Fe-O-Fe 2L LfER
B, 1,049 cm oA Hole Si-0-Si9l HIHF 4%
peaki APTES] 913} FesO4 MNP2] ZHo| AJF2 0
g2 MEES yeidg (Fig. 5). #AHF 849 FT-IR
peak®} H|1wsto], 73} H MNP2] spectrumOlA] X
o= 1414 cm™'9 -COO- peak®} 1643, 1664 cm™'
9] C=N A% peakE 7}A|H, levansucrase® -NH;"
AZA%0] 7]915F 2,948 X 2,888 cm 'O peak’t 1
33} = MNP9| spectrumollA Uehds B3 43421
B4 1S RISk

(a) Levansucrase

2888

2048 1414

1643

3273
((b) Fe,0, MNPs

(c) Fe,0 @APTES MNPs

Transmittance(%o)

(d) Fe,0 ,@APTES-Levansucrase 1049

T 1664
3255
1037
547
500

3500 3000 2500 2000

Wavenumber (cm'l)

1500 1000

5. FT-IR spectrum. (a) free levansucrase, (b) Fe3Oq«
MNPs, (c) surface-modified Fe304 MNPs with
APTES, and (d) MNPs immobilized with
levansucrase.

Fig.
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3.4.2 Fe304-levansucrase®| HHEi EA5}

Fe3s04 MNP} levansucrase’} A% FesO4 MNP
o] P& SEME o|&3to] AL Fig. 62 SEM
=7 ZI= Fes04 MNP XS &4 17 AFo] oj
2 7382 7 A7) A4 RHER Qs 83
H AAE HoH32l

Fig. 6. SEM images of synthesized MNPs. (a), (b) Fe;Os
nanoparticles, (c), (d) FesOs magnetic
nanoparticles fixed with levansucrase, magnified
50,000 times (scale bar: 3 x#m) and 250,000
times (scale bar: 500 nm), respectively.

20 nm

Fig. 7. TEM images of the synthesized magnetic
nanoparticles. (a), (b) FesOs magnetic
nanoparticle, (c), (d) FesOs« magnetic
nanoparticles fixed with levansucrase,

magnified 250,000 times (scale bar: 50 nm)
and 500,000 times (scale bar: 20 nm),
respectively.

= MNP} G471 ?J MNPY] Y& 25 &
A317] 98] TEM 24 3313t Fig. 74 TEM o]
u|zjoflA E]le MNPJ o 37]+= 9F 20 nm=Z, 84
£ 1% % °F 30 nmo] YA+ A71E Uehth d7 2
71 AZE v EHEHo] A AAH Q] HH o &
2 347t 1489 4 9loH, 714 9 EF i AT

Hasal] o] AN WA as F shtolr33l,

3.4.3 Fes0s-levansucrase?| ZHESHH 2l X7|H
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Fig. 8. XRD pattern of (a) synthesized Fe;Os MNPs
and (b) enzyme-immobilized Fe3;Os MNPs.
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Fig. 9. Magnetic hysteresis curves of (a) Fe3Os
nanoparticles and (b) enzyme-immobilized
FesO4 nanoparticles.
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