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Characterization of inulosucrase and the enzymatic synthesis
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Abstract: As a type of prebiotics and dietary fiber, inulin performs plenty of significant physiological functions and is
applied in food and pharmaceutical fields. Inulosucrase from microorganisms can use sucrose as the substrate to synthesize
inulin possessing higher molecular weight than that from plants. In this work, a hypothetical gene coding inulosucrase was
selected from the GenBank database. The catalytic domain was remained by N- and C- truncation strategies, constructing the
recombinant plasmid. The recombinant plasmid was expressed in E. coli expression system, and after purifying the crude
enzyme by Ni?" affinity chromatography, a recombinant enzyme with a molecular weight of approximately 65 kDa was
obtained. The optimal pH and temperature of the recombinant enzyme were 5.5 and 45 °C, respectively, when sucrose was
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used as the sole substrate. The activity of this enzyme was inhibited by various metal ions at different degrees. After purifying
the produced polysaccharide, nuclear magnetic resonance analysis was used to determine that the polysaccharide was inulin
connected by $-(2,1) linkages. Finally, the conditions for the production of inulin were optimized. The results showed that the
inulin production reached the maximum, approximately 287 g/L after 7 h, when sucrose concentration and enzyme dosage

were 700 g/L and 4 U/mL, respectively. The conversion rate from sucrose to inulin was approximately 41%.
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Signal peptide

Lajo-IS

Laps-1S MDKKLKKAAVSLATLAATTVLSVALNOKTVSADELNQADGQKDTNNSTVDNTQNIEGKVAEAKQTIENAQTPEEARKAQK
: 1 10 20 3Q 4Q 5 60

Lajo-IS ... ... D...MroVEKKDEVIDK . v AEJE NK s FYEw. . ....... K& LKE KEESTSKNINE
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; 15(), 16Q 17Q 18() 19Q 200 21Q

LaJO'IS VNWNGYQLE MMGPNDNHIYLLYNKYGDNDHKNRGPIFG QQWSGSIL NKDGSIQLNYTKVDTSH

TR I S v Gy oLl MG P [N D NHI Y LLYNKYGDNDIRNUWKNAGE IF G T NIMI0OWSGS A\YUNKDGSIQLIY TKVD T 5o
: 22() 230 240() 25Q 260 270 28() 29(

Lajo-IS ™y ansun.s DOD I‘VNDHFEGDGYQTYDQW GADNAMRDAHV TDENGNR Y LFFEA

LapS‘IS R. A QKMASATHMYLYRYE VeI IMIEMVEINDHEMFEGD G YQTYD QW) GADNEAMRDAHV DPMGNRYLMFEA

Laio-IS 300Q 310 320 330 34() 350 360 37Q

a]0- TEN nanumG DF| oL sxnx muucnx. pvKEE vnvp:.nuvsm:

Laps-1S KOG MooIylwinycc IS et r AL AN DR AR W nAr1c T IRL D [RineMvalvaie LA MVSDE
. 380 390 400 410 420 430 440 450

N T ERP DV VKLGIKY YLFAATRLNRGSNDDAWJAMIKAVGDNVAMIGYVSD LTGPLNESGVVLTASVPANHRTATYSY

B Sl I ERPDVVELGIKY YLFARTRLNRGSNDDAWMAMIKAVGDNVAMIGYVSDEL T/EGA|{P LNE SGVVLTASVPANWRTATYSY
. 460 470 480 490, 500 51Q 520 530

Lajo-IS wwpi R L:rsuwn P TWAP SFLLOINPDL T TR VLAK ITNQGDWIWDSENMG

Laps-1S  EENE ol sixlv iSSP TN H e THAP SFLLOINED MV LAKB THOGD WI WD B s EN LTy MG ) D E
. 540 550 560 570

Lajo-IS

Laps-I1S

Cell wall-anchoring sequence

AALPGEEKPDWDLIG YNLKPHQ HHHH .....
TR SR T Ak M I B ey CHNGS YC Y|H|YDYDLGPVLYNEDPKNNYQYNLGPVLYNEDPKSNQDSHSQGTKTPEKTNFKP

B 1 Lajo-1S #A Laps-1S MRERFIILLI (LML HRTFXIE, ZEEREHRSHEEHFT)
Fig. 1 Multiple sequence alignment of Lajo-IS and Laps-1S. Red parts are conserved regions and the light orange parts

are truncated sequences.
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Fig. 2 The constructed process of the recombinant
enzyme and SDS-PAGE analysis. M: standard protein
marker; Laps-IS: the purified recombinant enzyme; a: the
supernatant of broken cells; b: the supernatant cultivating
the cells for 6 h; c: the broken cell fragments.
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FLTETE (18 T B LK RS Ko 7E 45 CH A SRIEAY 1S (Y d5cid T B2 2 H i 4 1Y [R) 2 il rp di
S RV R T 500 K L T ARG 76 50 ‘Ot iy, O 60 TP HUCR L. johnsonii NCC 533
FHR I B, B 45 °C o mALMG I RaE R, RIRAY 1S, iR 55 T
EARTER M, 7025 CRE, HMHLHRE SAMIEE 23 SEEFHEENZM
WEZW(T/H) N 4.0, BEEREMSER, X— Ll &8 B N ERE SZ I A& 4 FR . FETN
%iﬁw& 45 CHF T/H h 1.7, 45-60 °C, T/HAs AWy 1 mmol/L W& &8 & 15 , A
AR, X—HEUH, RRAFEAATLE G2 AURFERE N U Cu®, 1 mmol/L

A [ ) . . B Transfructosylation activity
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0k Y
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E 3 pH(A) fRE (B) *t Laps-IS BgiE R &M
Fig. 3 The effects of pH and temperature on activities of Laps-1S. (A) The effects of pH on total, hydrolysis and
transfructosylation activities. o: acetate buffer; V: sodium phosphate buffer; o: Tris-HCI. (B) The effects of temperature
on total, hydrolysis and transfructosylation activities.
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Fig. 4 The effect of metal ions on the activities of Laps-IS.
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Cu® B AT (i B2 T o 42 I 18 7 X e W S Bl 5 1) 5%
Mol 558 7K A AR R, (A T/H #Bosk/he Bk, mleA
FIGE Laps-1S <@ & il Bmg ., X —45R Y
HATCARE AR . Fian, Ca* n] LLAE A [ 7
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L. gasseri DSM 20604 S 5 4 IS il 175 42 5 57%2Y.,
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LIRSy T A7 FEAR Z AR I .+ % Lactobacillus
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A
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J
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5 Laps-1S Z=#% #EH NMR Eig (A: NMR-2C Ei;

AR o ASPRABIZH W T 5T L. reuteri LTH5448
U LS, EMEIRTY -8 1S HigiE,
M2 levan LR EEZ I, (UM F5
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T, JWT Y A R RS, TR E B AR
JEX A IS LS fe B IR 5 o BRI A A SR R
Wi F BT SR —, Tl st NMR 1750 .

NMR 45 52 401& 5 R .5A ) NMR-C &3,
ATLUES) 6 MR AR, Joaelg, o 5lGERR
B S ¥ N IR A= 28 785 I I  /3JFT R A =3 4
#%4391M 62.39 ppm (C-1). 104.56 ppm (C-2).
78.52 ppm (C-3).75.83 ppm (C-4) .82.47 ppm (C-5)
1 62.39 ppm (C-6). NMR-'H &l tii[&l 5B, &5
TR AN BB RA, 5 levan R A
TEAR, SN ETE—3. B, K m A
X7 5 AR GE R P A AR R
gER AT (R 1), "I EAWTSY L. psittaci
DSM 15354 S HE 2 A 1S,

= = = xS
< < e xS
haral har ™ =2
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B: NMR-'H &)

Fig. 5 The NMR spectra of produced polysaccharide. (A) The spectrum of NMR-'*C. (B) The spectrum of NMR-'H.

®1 CRIMEZERRBESYN °C RFHELR

Table 1 '*C chemical shifts of reported fructans biosynthesized enzymatically
Microorganisms Products Carbon atom number

C-1 C-2 C-3 C-4 C-5 C-6
L. gasseri DSM2060424 Inulin 62.15 104.25 78.31 75.62 82.2 63.21
L. johnsonii NCC 533¢] Inulin 62.2 104.2 78.3 75.6 82.2 63.1
L. citreum CW28[?4 Inulin 61.4 103.6 775 74.9 81.8 62.7
L. psittaci DSM 15354 Inulin 62.39 104.56 78.52 75.83 82.47 62.39
B. goodwiniit?®! Levan 60.95 104.57 77.27 75.91 80.67  63.83
L. reuteri LTH5448% Levan 60.93 104.55 77.25 75.90 80.66  63.81
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Fig. 6 The effect of sucrose concentration on activities
and inulin production.
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Fig. 7 The effect of enzyme dosage on activities and
inulin production.
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Fig. 8 Reaction process of inulin production.
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