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Bacterial Surface Display of Levansucrase of Zymomonas mobilis
Using Bacillus Subtilis Spore Display System
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Abstract: Using Bacillus subtilis spore display system, with
cotG as an anchoring motif, levansucrase from Zymomonas
mobilis, was displayed on the outer surface of Bacillus subtilis
spore. Flow cytometry of DB104 (pSDJH-cotG-levU) spore,
proved the surface localization of CotG-LevU fusion protein
on the spore compared to that of DB104. Enzymatic activity of
DB104 (pSDJH-cotG-levU) spore showed more than 1.5 times
higher levansucrase specific activity compared to that of the
host spore, which is a remarkable increase of enzymatic
activity considering the existence of sacA4 (sucrase) and sacB
(levansucrase) in the Bacillus subtilis chromosome. The spore
integrity, revealed by sporulation frequency test after heat and
lysozyme treatment of spore, did not changed at all in spite of
the CotG-LevU fusion protein incorporation into the spore coat
layer during spore formation process. These data prove again
that Bacillus subtilis spore could be considered as good live
immobilization vehicle for efficient bioconversion process.
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1] 7)4-8 combinatorial polypeptide libraries screening, Y™
W §45 o]83F AAE WES- (whole cell bioconversion
by levansucrase), WAl A4 (live vaccine production),
organophospho hydrolase®] ¥ &g o]&-5t 37 A3,
18] 11, poly-His peptides9} Fa<5 H& T AE o] 88
Bok 57 $M ) Fod T 5 vhFst Eofel o]
£5o] gt [1-5). AS7HA I3 oM 52 1% S
S vlEdh B2 vAE SollA] nAlE 3 U AR
Aso] gt

Ak, 7] BE B dd AAHoA = mgEe
AaA Yol A dHEA-EA g o] F
o] &5t GulAo] -] thl FH|7|hE o] 83to],
m 50 gl Al EE e B FulEojol ke 3%
Q) A 7R AL Qltk. olet Fej 3 I e,
«dby] RA| -2 Gulzlro] gl njoltA oR HAx
o] Alxzure) AAA (integrity)= F<E=3dtod, A3E2] 7S
walaiAd, A3 A9 SF AEe] APEE FESA Al
329] 2u) 7)ol FA 82 5 gl HREEAe] =27
7} £ 729 GAA7F obd multimer FE|S) H2] whulz

SO xEAT T BWAS A5 B 2E Aol
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ojglio] JU Ao] ARdol [6-9].

JZEE (Bacillus subtilisy 3E730N &4 52 Ah
A9 11z W tjekel TR0 Q)R AEdH 2o A nidgd
AZ B2 55 Al 2215 T o e 11 /8 24
& U Al Aaliee ASdEke 73 ot Bl
AEESE F3l 4 E mother cell pre-spores T3}
31, mother cell Ul§-ollA] ThEold okt 21 A3 vk
(spore coat protein)<> pre-spore®] HPEZ O ® ofi] =9
coat layers ThETAA] ¥ALE HAASH vk AP} 83
A=A =, FEL vER mother-cell S #8)|5HA] T3}
& o BHoE MiEshA Fk olgA AN kg
o] F2R= 4, Ax, vt gshEd Fofl ul-e- A A
3& AUy, ybdol] ofp| Al B9 £o] gof Ajio]=
ol REHAl HRgEke] A2 life-cycleS Al &Sl B4
< 7K1 it

SURE EAF FAE A E oF 1507 o] thF

rir

o

ARt o] PR o ® AgskA o]FoiRY, of F
Z mother-cell?} pre-spore 2] #-72}F Walo]] #loial= RNA

Polymerase 2] sigma factor (o', 6%, 6” and ¢¥) Afo]¢] Hglst
2% A AAlel 2jEsHA Fot. o#fd Ex} A VT
wPEE B EHe) WM B9, 7)Ee] nidE B i
Al2glo] AlFERA] gk vl 2 S AgsiA 9ot
grok, 54 oAl s 72} 34 ke g3t Wil o) 2
FAL A Fgoll ] EAR] EHO R F5 33 mother cell
o] a7} Hoj dAE ExF wE gupd, AL otol
MERE B3 §5 DAL o)F §lo] Ealol Bz
o] AWRAE A3} 2L AuE A& 4= v} (Fig. 1).
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Fig, 1. Schematic diagram of life cycle of Bacillus subtilis and spore
display system.

olE HEIP| fslo] ¥ AREL 1249 IAE o)
g e T AAEE e, o)F o] 43,
B-galactosidase, streptavidin, GFPuv 5-¢] 7]&9] 39 2%
AElolrE golslA] QI tlekdt B3t ES gy
it [10-12].
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ukgoll2] 7hsAdE #RlIsk] $18ted, Zymomonas mobilis
F209] levansucrase S 1LEd EAb) ¥W WEsky, 1 5
A& A8kt gt

2. A2 93y

21. FF Qg =4

09 e Fal gk AlA" 25kt DB1047F A
Aol AxA FHE SF2 ARSEHSICH vk A EE
GYS HIA] (NH4)2S0;4 2 g/L, yeast extract 2 g/L, K.HPO,4
3.3 g/L, sodium citrate 0.1 g/L, glucose 0.1 g/L, MnSOs H,O
0.1 g/L, CaCl, 0.16 g/L, MgSO; TH,0 0.82 g/L)E A3}
Rom, 37T oA KB Batel uidsisitt. DB104
(pSDIH-cotG-levU) 2] ~4H 3} wljokZ A3l chloramphenicol
(5 mg/Ly& ARE3IAH.

2.2. 3R FE (PCR amplification)

DNA 5384 (polymerase)t= Boehringer Manheim (Expand
Long Template PCR System, catalogue NO.1681834, Germany)
AbeA Flste] ARSI B 2E 2AIR 227l
cotG TR LS 7] $I8\ = Bacillus subtilis genome
site (http://www.pasteur.fr/Bio/subtiList.html) 5 ]85}t
PCR FZ-& $I3 DNA primert Genotech (Taejeon, Korea)
X T2, stk PCR 558 A3 GeneAmp PCR
System 9600 (Perkin Elmer, USA)S AR&3l5ict,

2.3, §-AA 22} (DNA manipulation)

FARF 22ke] Akl WHHE Sambrook 59 WS W
ok A F2dS SleirE didst IM109) DHSa S
AH-BlITE. A3t &4, DNA ligase, 718F D Q3 AJeke
Boehringer Manheim®l|4] 5-)33{t}. PCR S-3%HH 4
AR} THH | plasmid vector®] FAIE $3X= Quiagen AR
AFS o3It

2.4, D& F422 9 332 A% (Transformation into Bacillus
subtilis)

dE A WE] pSDIH-cotG-levUE T2 TOR 51151
23144 Two-step (SP 1, SP 1) BPHS o]&315iY} [13].

2.5. 124 X2 B& 9 A A upd (Purification of Bacillus
subtilis spore)

I%7 DB104, DB104 (pSDJH-cotG-levlU)E 37 ColA
16-20A13F vljeFalSict. wjoFaol X3he vegetative cells,
sporulating cells, spores 5~ lysozyme *2] -2 renografin
(sodium diatrizoate, $-4506, Sigma)& ©]-§-8 WEajo] 7
Felaigivt, £ AAld Ik dn)d AS5E Fslo, &
& AP EAehs Ao® FRIFHZI

2.6. S Z B4 (Flow cytometric analysis)
FAIEZ 29S8l 8] FAE FAE PBS 4 o]
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ato Al Wl Al AlAE AR anti-LevU Rabbit
1gG (1:200)°.% 12} A8k 1A17E 52k 0°C o] 22
3150}, thA] PBS 9458908 o]83l0] 33] AH - FITC-
labeled anti Rabbit IgGE thA] 1417} < 0°CollA] 22
a3tk 7L & UhA] PBSE 33] AJH3 T 0.5 mLe] PBS
off AF-F=glct. FHlE A= FACSort flow cytometer
(FACSort, Becton Dickinson, Oxnard, CA)$}, software
CellQuest ver. 1.0-& ©]83lo] HA=Qiu}.

2.7. levansuerase 4 %7} 24

HE T 241710 At a1t i) DB1049} levansucrase
£ XX 248K DB104 (pCSK-cotG-levl) 8] XAIE HljoF
4 4.5 mLol F2] AAEI}, Rel A A2 o185}
10%2] sucroseZ F35R= PBS Lolof|x] 37 CollA] d4 whe
o] AT} levansucrase] 2402 489 Y54 BT
ol 42 Sigmarle] W &4 kitE AlMg3lsck

2.8. AL YA ¥l 24 (Sporulation frequency measurement)
FARE] A FE FleiMs Fulel 24 F8 24}
T wlekelS 80TColA 1547 71498 3, e DDW
{Deionized Distilled Water)ol|x] 243 557 348t W=
& TBAB (Tryptose Blood Agar Base) HjA| 9]¢l =2kt 3
37°C oA 24A13F wjesigic). 3030070 59 colonyE 7}
A= TBAB plateZ AH3}0] A& A2 52 ARl
U A 33 whEsiol o, Zhzke] Adella A 719 plate
o] =sto] (triplicate) “1 B S 73HAT) Lysozyme
Ae] 9 o] P ) e Bl FAe
FA; 52 FAL 2T wjokele 50 me/L 2 lysozymes
H8k= 50 mM Tris-Cl (pH 7.2) 9% g-lle]lA] 37°Co]
A IARE BRI & 9lo) Wi o g wmuk AESk Ao )

=5 S5

.29 4 3%

3.1. CotG-LevU €3 G2 1@ W e Azt g 23 33
o] 3=

oA ARl F3 dhaAe) a8 95 plasmid
vectort= AT/ I2+F shuttle vector-¢) pHPS9-S 7]HEo 2
ajod A2t WA pHPS9S: EcoR 13} Hind 11, 5 7
AFEAE AT 3 Klenow EAF DHEE 225}y
th o) BssH 13 A2}t p123T (EMBL database accession
number Z46733, Mobitec, INC.)2] 22 W8-S A7) Klenow
Z ¥ vectore} AZAS] multi cloning siteZ 7}
pCSK1 vectorE $J3IAT). corG promoters ¥8eh= -
ZAAAE 5 702) DNA primerZ ©]8-8l0] PCR %319
o}k (cotG 5 prime; 5-GCC TTT GGA TCC AGT GTC CCT
AGC TCC GAG-3', cotG-Linker 3 prime; 5-CTA TTG CTG
CAG TGA ACC CCC ACC TCC TIT GTA TTT CTT TTT
GAC TA-3"). cotG-Linker 3 prime primers= cotG 1% -4
Ak} C-'hto]] flexible linker (Gly-Gly-Gly-Gly-Ser)Z 71|

=5 YRR [14]. $19] pCSKI vector®} PCR 5% o
e A G4 Pst 19} BamH 107 A2)8 3, ligationd}3
o} o]gA wER corGE B W TAE 71 plasmid
vectors pSDJH-cotGERAL ©] 5430t} levansucraseS =
249 37| HAslA Zymomonas mobilis2] chromosome-<
template & 319 Thx F 712] DNA primerE ©]-£3}¢] PCR
231t (levU 5 prime; 5'-AAG TGC CTG CAG ATG
TTG AAT AAA GCA GGC AT-3', levU 3 prime; 5-AAT
GAA AAG CTT TTA TTT ATT CAA TAA AGA CA-3")
pSDJH-cotG2} oAl PCR 5EH levansucrase genes
ASHE 2 Pst 13} Hind ME A2)3t 3 ligations}gir}. o2
Al 2 cotG-levUE F3 HESHE plasmid vectorS
pSDIH-cotG-levURFL o 5Ath. Y% plasmid vector=
1Z7 DB104¢] 278310 chloramphenicole] %3F¢
agar plateol|A] AE3}aL, ©1& DB104 (pSDIH-cotG-levU)
2haL o] EASlH (Fig. 2).
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Fig. 2. Construction of pSDJH-cotG and pSDIH-cotG-levU, which
expresses Cot(G-Levansucrase fusion protein on the spore of Bacillus
subtilis. Precise construction method is described in the main text.

3.2. M= BA ) E o] -8t levansucrase 2] 32X 3H Wy
levansucrase&] XA} W 28 FHE] Ysle] fAlE
TAV|E ol gaisitt. Ha] o] a1 22) Ao
e A3S o)8shs A B2 s B 9
ool 54 ehulzlo] f1x|of #st F 23 YBE A3}
= A% Holtt. 54 dido] M) ] E4)
& Z4-9-ollqt Aol ¥EgEl 3 A8 E vehid, 54
o] Alsre] i, 2 A7t A2 = gle AR
AR EABIAY, ThE o2 WolA Q= S, Ao
ohsl) RESSHAl Bahke Zlojot

gt )29 DB104%} DB104 (pSDIH-cotG-levl))©)
IAE B AAIsE 3 levansucrase®l] tiatsh= ISl anti-
LevU Rabbit IgG [2]% Z}7}e] 328 mA8ta, 22f &4
Q1 FITC-labeled anti Rabbit IgG= 3¥X3}53T} (Fig. 3). th&
%1 DB104%1 73-F-of] wlste], 52 Thlds v sty
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S DB104 (pSDJH-cotG-levl)) ] 73-%-, Z¥z}+e] sExpz} vt
s @] o} ke = Zbele], T e ERo
Z o]E8 AL AT 5 Qlrk. o= AFeA] =gt vig}
2o, BA AR levansucrase”} 1%t AR EE o)
AL HEF 5 S Aol HPEE 93] EATTR 2
< Sk Blolt.

Fig. 3. Flow cytometric analysis of purified spore of DB104 (left)
and DB104 (pSDJH-cotG-levU) (right).

33. XA 3o U@ H levansucrase 4 F4 &3
levansucrase sucrose S glucose?} fructose ® F-3l|3H 2,
levansucrase 4 A2 HHSolM fElE TEFO] w5
& &40z & . A 243 H levansucrase?)
w4 Y S48 98, 129 U2 DB1042} DB104
(pSDIH-cotG-levl) 2] A5 2] AA|5to] H-3-of o]
B33t (Fig. 4). 844]7F<] 8RS 5-9F DB104%} DB104
(pSDIH-cotG-levU) 2] 2} HiFoll falg TEe] i
Al 718IE 1214, DB104 (pSDIH-cotG-levl) 2]
78, DB104°] H]3}4] 1 9kg- £7} AA) w5 3] 9l
o], 1.54} o] i},

8

7...

Glucose liberated (g/L)

0 (, .. ) L i
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Fig. 4. Levansucrase activity measured by sucrose hydrolysis. DB104
(negative control) (e) and DB104 (pSDIH-cotG-levl) (V).

21 DB1042] 79 5= levansucrase T4 B4

& q1gto] 7B = F 709 sucrose w3l B4 Aol 7191
she Aoz FHEr: & A3 AR 11331 DB104¢)]
A9 A el W% sucrase (sacd)$ A|E B1OF 4|

+ levansucrase (sacB)9 72 5 719 sucrose AL
2 73 Qi) o] F Jl9] &4 B AE W/FEE I
vy Bl A" EAke] el ot SIS ksAdol B
8] glerg opFl DB1042] 79 HEE] levansucrase
A YL o] F U FA iR AR FHE 5 Qlrt
Tkt sacA S} sacB7t AAR Azt Wo|FE o]-&3ithd,
R Ay G gigh oS S8 54 9k PR Ao
£ B 7 qloge s

3.4. g4t lysozyme X2 & FF =4 MR AS
nAE BE 2] B2 49 QlojA, By I BAQL
7 &5 e 2Fe] 54 whgo] 5 Mare] Alaet
ot M) gIJxlo] 71 QPgAdS Wojre, A2 Ak
WS, et B9 Mz AFEE sk AR B
o] givk, iAE Ed YoM, B Thuizle] ¥ wk
T AL QP - Q3 ARlo|H R B Ao
A= G2} lysozyme *2|E F31 levansucrase”} TH
e xRS PSS AR Bt

Table 1. Sporulation frequency test of DB104 and DB104 (pSDJH-
cotG-levU) after heat and lysozyme treatment

Treatment G, lysozyme 2| 2] A 84 1] (%)
Method Strain 24h 48 h
Heat DB104 62.4 67.9
DB104 (pSDJH-cotG-levU) 61.4 65.6

DB104 71.6 72.1

Lysozyme 15104 (pSDIH-cotG-levl) 792 77.5

DB1045} DB104 (pSDIJH-cotG-levU) F 7FA 2] F5+0])
ol ek Akl wet 7 7EA]9] (24 b, 48 h) A1E0] FH)
B3, ZHEe] ABEe) ofs] GAzle) lysozyme A2lE 488
SISt CotG-LevU &5 ©hiid 2] 3 a2 Table 19
A Vel vle) vl R E21e] okgAlel] QEke vlX)A]
U Aoz veRdrh Al | (Triplicate) WHEE 23]
Bk, thz7<Q DB104¢} &5 whild e B9 ws)
= DB104 (pSDJH-cotG-levU) EA} 25, +-9Jnjg 22}
oA 2] 2ol & HolR] kT, o] CotG-LevU §E=H
o] B9 ao] mEat ¥x1] QP ¥ vIAIA] o

soke 28 e,

4.38

£ Atelrds PRI 54 daizle] g HE-S ek,
TxAe) A A TRl corGE B T AR S,
Zymomonas mobilis 5-22] levansucrase S T3t EAS 0]
¥ IRl FAE BAVE B BE 9l
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